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Abstract

This article presents a new hypothesis on the origin of life on
Earth. According to this hypothesis, life arose within the limits
of a particular material system representing a set of specific
local environments integrated by a common circulating liquid
medium where relatively short RNA molecules, viroid-like
particles, are replicated with great accuracy. In each of the
local environments, the synthesis of certain substances that
are required for accurate replication and survival of the RNAs
is carried out. The system, which we called “diffuse organism,”
is, in essence, a very rough and bulky analog of the structural—
functional organization of the cell’s biosynthetic machinery.
The diffuse organism was an organismal and evolving system
at the same time. It seems that only such a system that has
emerged in the only specimen as a result of a set of chance
events operating under a system of universal physical and
chemical laws was able to give rise to life and evolution by
means of biological selection. The outlined scenario for the
origin of life allows us to narrow down the still insuperable gap
between prebiological chemistry and the first living systems
without devising conceptions unrelated to the realities of life.
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The Diffuse Organism as the First Biological System

What is life? Where and how did it arise? What were the first
living beings? During millennia, these questions have tickled
inquisitive people’s fancy. However, when we try to solve the
problem, we often do not realize the enormous complexity of
the phenomenon of life and attempt to answer all the questions
at once. Meanwhile, similar challenges are seldom solved in
one step. Their solutions usually extend for long years and
fall into stages logically connected with each other, and the
correct answers for the questions of a preceding stage will de-
termine in many respects the correct answers to the questions
of the next stage. The solution of the origin-of-life problem,
then, naturally falls into the following stages: (1) Identifying
one single property of living things whose appearance has de-
termined the transition from the nonliving to the living state
of matter; (2) establishing the material basis of this property;
(3) figuring out in which material system the required struc-
tural elements could be formed; and (4) finding out in which
environments and chemical processes such a material system
could arise, after previously having solved the extremely hard
problem (standing apart from the scheme outlined here) of
the synthesis of all precursors of biological macromolecules
and their polymerization. Only after that will it be possible to
throw a clear light upon where and when life has originated.

In a previous paper (Kolomiytsev and Poddubnaya 2007),
we have tried to answer the first two questions of the scheme.
We have given reasons for believing that the evolutionary
mechanism providing adaptive changes of material objects,
i.e., a stable cumulative tendency in their minutest useful
changes, is the very factor that makes living matter fundamen-
tally different from nonliving. Switching on the mechanism,
“biological selection” has been directly related to the acquisi-
tion of the property of inheritance (the specific high fidelity of
replication) by self-reproducing nucleic acid polymers. With-
out inheritance, natural selection by itself, and even together
with variability and a high rate of reproduction, would play
a destructive rather than a creative role. No sooner had adap-
tive evolution begun to operate than there were no impossible
things for the part of the material world involved in the process
to improve its conditions of existence, if only the speed of envi-
ronmental changes gave it enough time to adapt. Now we will
try to find an answer to the third question of the scheme and to
form a view about a material system in which the phenomenon
of inheritance could appear for the first time.

The Appearance of “Accurate Replicators”

A diverse range of homochiral polymers that are amenable
to template synthesis, i.e., such polymers whose monomers
cannot only be joined in chains but can also selectively in-
teract with each other by means of weak (e.g., hydrogen)
bonds, may in principle be capable of sufficiently accurate
self-reproduction via or without the intermediate stage of the
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reverse-complement sequence. However, speaking about the
phenomenon of inheritance—whose emergence was the start-
ing event of life—is worthwhile only in relation to those self-
reproducing irregular heteropolymers that possess the capacity
to carry the information required to specify their variable prop-
erties, such as the ability to copy itself more or less faithfully.
To accomplish this, their chains should have sizes that allow
them to encode sufficient information. Between two such poly-
mers known to us, ribonucleic acid (RNA) and deoxyribonu-
cleic acid (DNA), the relatively simpler one, being obligatory
for all living forms without any exceptions, and, to all appear-
ances, preceding DNA in evolution is ribonucleic acid. RNA
is usually considered as having provided the first replicators,
including those that have given rise to living matter (Eigen and
Schuster 1979; Gilbert 1986; Diener 1989; Spirin 2002).

Howeyver, it is difficult to admit that the first homochiral
RNAs were capable to replicate with sufficient accuracy to
switch on the mechanism of adaptive evolution. In the litera-
ture, we find very little diversity in ideas about how the specific
high fidelity of the RNA replication could have been achieved
for the first time. Manfred Eigen appears to have been the first
to study the problem. The concept of “catalytic hypercycle”
proposed by Eigen (1971) and improved by him and Schus-
ter (Eigen and Schuster 1979) postulates the possibility of the
natural formation of particular systems that consist of a set
of replicative complexes connected in a cycle by polypeptides
(specific replicases or specific cofactors of a common protein
with polymerase activity), which are translation products of
the replicative complex RNAs. The translation product of each
member of the cycle catalytically increases RNA replication
rates of the following member, thereby providing opportuni-
ties for further structure improvements (and an increase in the
replication fidelity) of the polynucleotides. However, the pos-
sibility of the evolutionary development of a hypercycle and
the maintenance of its stability require that the RNA matrices
connected in the cycle reproduce themselves with high enough
fidelity, i.e., they evidently must already possess the capacity
for adaptive evolution. It is also necessary to note that the prin-
ciple of the hypercycle was primarily introduced to account for
the circumstance that small RNA molecules having compara-
tively little information can evolve into a cooperative system
that would provide a sufficient amount of information for the
build-up of good enough translation and replication machin-
ery. Most other ideas concerning the problem of how the high
fidelity of polynucleotides replication was achieved are based
in one way or another on Eigen’s ideas. But the question is
whether so much heritable information was necessary for the
spontaneous generation of life.

We allow for the possibility that there was (and perhaps
still is) some period in the history of our planet when its
environment, at least somewhere in the “lost worlds,” used
to allow various complex chemicals, including relatively long
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polypeptides and RNAs, to form spontaneously and coexist for
some time. In living organisms, the complex forms of these
biopolymers are interrelated in their formation (Eigen 1971).
But there are valid reasons to believe that rather simple proteic
fragments could be formed in the environment of the primitive
Earth more easily than nucleotides (de Duve 1997; Morchio
etal. 2001; Leman et al. 2004) and were already present when
the latter appeared. This could have contributed to the forma-
tion of nucleotides or to the acceleration of such formation
(Morchio et al. 2001). Noncatalytic condensation and inor-
ganic catalysts also could have played a not so minor role
in the synthesis of various biopolymers and their predecessors
(Paecht-Horowitz et al. 1970; Rao et al. 1980; Wichtershiduser
1988; Ferris 1993; Ferris et al. 1996; Smith 1998; Martin and
Russell 2003). However, no one has found conditions as yet
that could result in the formation of ribonucleotides on the
primitive Earth, and these compounds have never been created
in prebiotic synthesis experiments (Zubay and Mui 2001). In
experiments on the synthesis of RNA oligonucleotides, acti-
vated monomers obtained from living forms were always used
(Ferris 1993, 2002; Ferris et al. 1996). At the same time, a
feasible prebiotic pathway to the purines and effective condi-
tions for phosphorylation and polyphosphorylation have been
found in recent years (Lohrmann 1977; Joyce 1989; Zubay and
Mui 2001). There are also some other advances in bioorganic
synthesis. We should not believe that all the problems could
be solved by modern biology.

Among various protein-like molecules synthesized in the
“lost worlds,” the ones possessing an enzymatic activity could
take part in the assembly of a primitive, as yet uninformed
peptide-synthesizing machinery (de Duve 1997), and oth-
ers with multifunctional replicase activity could carry out—
independently or in cooperation with the mineral catalysts,
e.g., with clays (Rao et al. 1980; James and Ellington 1998;
Ferris 2002)—the inexact and unrepeatable replication of some
RNA polymers. As a result, the mixed pools of the various
molecules of RNA, polypeptide, and primitive protein partic-
ipating jointly in the template synthesis processes may have
been generated and existed in these locations for some time.

The primitive proteins, including those that possess a
replicase activity, could be the translation products only of
the largest RNA molecules capable of encoding the required
genetic information. These molecules, however, were able to
provide less continuity to their properties through generations
than others, because of the numerous copying errors (Eigen
and Schuster 1979). We may hazard a conjecture that “ge-
netic information” (data on the order of amino acids in the
sequence of a particular polypeptide, encoded in the order of
ribonucleotide bases in the sequence of RNA) may have oc-
curred shortly before the appearance on the scene of the RNA
molecule having the capacity to replicate with high accuracy.
If it be so, the emergence of genetic information is not to
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be directly associated with the origin of life. Carriers of ge-
netic information that do not possess inheritance can be called
“non-heritable genes.” Protein-like molecules with multifunc-
tional replicase activity that arose from such RNAs became a
common property of the pool and then could carry out the repli-
cation of any RNA molecules. In the mixed pools of polynu-
cleotides and polypeptides, then, there could be an opportunity
for reproducing both comparatively large molecules of RNA
and small ones encoding reverse complementary copies of
themselves and not encoding any proteins, i.e., in the strict
sense of the term, carrying no genetic information. Already,
because of a much smaller length, the latter RNAs were capable
to replicate with greater accuracy (Eigen and Schuster 1979)
and were much closer to the treasured replication fidelity than
others. The one and only molecule that was replicated so accu-
rately that it kept its basic properties—primarily the ability to
replicate faithfully—over successive generations could occur
among them. It may have been formed as a result of a rare
coincidence of huge numbers of random events subject to the
immutable laws of Nature. Thus, Eigen’s paradox (Maynard
Smith 1983) that “no enzymes without a large genome and no
large genome without enzymes” could be circumvented to a
certain extent. It is necessary to agree that the formation of the
molecule and proteic fragments with weak replicase-like prop-
erties by the mechanism of conformal evolution (Kolomiytsev
and Poddubnaya 2007) is not by far the same as the repeated
reproduction of translational apparatuses instructed by a large
genome.

As the fidelity of replication of such a molecule was de-
termined mainly by the structure of its sequence as a whole,
a lesser differentiation of the structural information (i.e., a
substantial reduction of the contribution of separate structural
elements in comparison with that in the sequence carrying ge-
netic information) was allowed. Furthermore, the recent study
of real ribozymes by Kun et al. (2005) has shown that even a
minor increase in replication fidelity may have had a large ef-
fect on the size of the accurately replicated RNAs. Therefore, if
the peculiar bioorganic—inorganic cooperative catalysts men-
tioned above were present in the environment, they could lead
to an additional increase in RNA replication fidelity, thereby
increasing the size of these molecules. Finally, it is not nec-
essary to write off the fact that many of the mutations that
arise in RNA sequences will be neutral or compensatory and
have no effect on fitness (Holmes 2005; Kun et al. 2005). The
combination of all these factors could raise the error thresh-
old for switching on adaptive evolution (“repeated formation,”
according to Eigen) compared to what has been calculated
(Eigen 1971; Eigen and Schuster 1979) for the sequences of
nucleotides carrying the information about the order of amino
acids in the sequences of certain proteins and replicating in the
absence of enzymes. Hence, the length of the faithfully repli-
cated RNA molecule could exceed 100 nucleotides. We will
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The Diffuse Organism as the First Biological System

call this an “accurate replicator” by analogy with Dawkins’s
“replicator.” Spontaneity of its formation combined with a very
low probability of recurrence of a similar event in a foreseeable
time frame has defined both the sense of homochirality and the
enantiomerical homogeneity of biological macromolecules.

If the replication rate of the accurate replicator was larger
than its destruction rate, the replicator could quickly produce
a clone of its not identical copies. Each of the copies was
replicated in turn, and the structural variety of the molecules in
the clone increased more and more due to relatively inaccurate
replication. After some time, the individual and group diversity
of such a clone did not have to differ substantially from the ones
of the populations of asexual and unisexual cellular organisms.
Within the limits of the clone, the favorable conditions for
biological selection to operate were established. Owing to that,
the opportunity to increase any of the accurate replicators’
useful features cumulatively (no matter how poorly they were
developed) appeared for the first time. Later, both separate
accurate replicators and their groups could be transferred by
currents in a liquid to other places and, if there was a suitable
environment, produce new clones.

The Diffuse Organism

Only a very specific environment could be “suitable” for the
first accurate replicators. It had to contain the “assembly lines”
of all the precursors of RNAs and polypeptides, and also
primitive replicative and translational apparatuses. Besides,
the sources of available energy, even in the form of inorganic
pyrophosphate (de Duve 1991), which is used as an alternative
to adenosine triphosphate (ATP) in one of the metabolic re-
actions even by some current cellular organisms (Morgan and
Ronimus 1998), had to be present in the environment in suffi-
cient quantity. But that is not yet all. As is known, the synthesis
of various amino acids, purinic and pyrimidinic nitrogen bases,
ribose, nucleotides, and polypeptides, as well as RNA replica-
tion, require specific media, which, with rare exceptions, are
not compatible with one another. Therefore, Darwin’s “warm
little pond” as well as a pond filled with self-copying RNA
molecules and concentrated solutions of all the biochemical
precursors of RNA (Gilbert and de Souza 1999) could scarcely
exist. And because the different media cannot be combined in
one area, the only imaginable way to solve the problem is
the isolation by spatial separation of biochemical processes
demanding a specific composition of local environments. Var-
ious bottom-dwelling mineral surfaces, submarine hydrother-
mal vents, and volcanoes (Ferris 1992; Wachtershduser 1992;
Leman et al. 2004; Washington 2004), the hydrocarbon layer
that presumably covered the surface of the primordial ocean
(Morchio and Traverso 1999), and many other factors could
contribute to create the necessary environmental heterogene-
ity. Then the RNA building blocks and polypeptides that are
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synthesized at a different distance from a place of replication
should be brought together by diffusion and a continual con-
vection flux of fluid, as well as by water currents induced by
actions of winds, tides, and the Coriolis force. Of course, the
transfer of hydrophilic molecules through the aqueous parts
of an environment could be possible only after formation by
them of hydrophobic complexes with other organic or mineral
substances. Only all these factors when combined would pro-
vide both the existence and the periodic self-reproduction of
the first accurate replicators or, in Dawkins’s (1989) terms, be
their “survival machine.” Actually, we are speaking here about
a very rough analog of the structural-functional organization
of the biosynthetic apparatus of a cell, the imperfection of
which is compensated by its huge dimensions. This is similar
to what we often see in products of industry. It is clear that
such a survival machine had to be formed prior to the forma-
tion of the first accurate replicator, and, since the appearance
of this entity, it had acquired a new quality, having become
(together with the clone of accurate replicators) the first living
system.

The presence of selective permeability barriers separating
the specific local environments within which certain biochem-
ical processes are performed, and some boundary coat, would
only prevent water-soluble substances from freely passing be-
tween different regions of the system. This would thereby
endanger the entire process of reproduction of accurate repli-
cators, and without that, greatly depend on random circum-
stances. The compartmentalization of such a system could
begin only simultaneously with the development of biochem-
ical mechanisms of transport of small and particularly large
molecules through compartments. But neither the one nor the
other was necessary at this stage. As biological selection took
place only among non-protein-coding templates, favoring their
resistance to destruction and capacity to replicate more and
more accurately and quickly, there was no necessity to link
the templates with the products of their translation in some
boundary coat, as was believed before (Gilbert and de Souza
1999).

Regarding the necessary concentration of chemicals
needed for biochemical reactions, it can be provided not only
by means of compartmentalization (Oparin 1957) but also,
say, by evaporation in lagoons or seawater tidal pools (Robert-
son and Miller 1995; Nelson et al. 2001), or by the selective
absorption of organic molecules from fluid onto mineral sur-
faces (Bernal 1951; Paecht-Horowitz et al. 1970; Dashman
and Stotzky 1982; Wichtershauser 1988; Ferris et al. 1996;
Sowerby et al. 1998; Zubay 2000).

So, the first living system might be formed in some area
of the open sea, a lagoon, or a surface, or an underground
reservoir; but the size of a tiny cavity in a mineral, or closed
membranous vesicle, or microsphere would be insufficient for
that purpose. Because the system has no fixed boundaries and
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its parts are diffused in space, we will call it “diffuse organism.”
This term has been used earlier by Ehrensvérd (1962) for the
hypothetical initial stage of life, but we give it a somewhat
different content.

The Simplest Modern Diffuse Organisms

Today, systems very similar to the first diffuse organism are
formed by subviral, autonomously replicating entities-viroids
(Diener 1971) when infecting the cells of some plants. Diener
(1989), the discoverer of viroids, himself has assumed that,
alongside other small plant pathogenic RNAs, they may be
remnants of a precellular RNA world. Some other authors
hold very similar views on viroids (Maizels and Weiner 1994;
Semancik and Duran-Vila 1999; Flores 2001 ; Lehto and Karet-
nikov 2005; Koonin et al. 2006). And although many re-
searchers doubt that ribozymes can catalyze the replication
of RNA matrixes without the help of enzymes—a cornerstone
of the RNA world concept—the idea of precellular life based
on a low molecular weight RNA as the carrier of informa-
tion looks most reasonable. Several reasons speak in favor of
this hypothesis (Eigen and Schuster 1979; Jeffares et al. 1998;
Gilbert and de Souza 1999; Joyce 2002; Gesteland et al. 2006;
Koonin et al. 2006). The existence of viroids also points to this
assumption.

Viroids have a particularly simple structure, do not pos-
sess protein-coding capacity (Davies et al. 1974; Hall et al.
1974), and some of them incorporate very simple ribozymes
(Hutchins et al. 1986; Hernandez and Flores 1992; Navarro
and Flores 1997). Viroid nucleotide sequences are charac-
terized by a high (commonly higher than 50%) content of
guanine and cytosine (Trivedi et al. 2007), forming the most
stable base-pairing structures (Eigen and Schuster 1979).
Moreover, viroids are able to replicate autonomously in sus-
ceptible cells without any helper viruses (Diener 1979), are
not capable of being integrated in the genomes of other or-
ganisms, have no ability to form a dormant stage, and are
transmitted from diseased to healthy plants by contact, con-
taminated cultivating equipment, aphids, and through seed and
pollen (Diener 1987; Elena et al. 1991). All this may point
to the antiquity of viroid-like entities and their primary ori-
gin. Phylogenetic researches of viroids and viroid-like RNAs
also revealed their very old origin from a common ancestor,
most likely from “free-living” molecules (Elena et al. 1991,
2001). The most plausible explanation of viroid-like entities
coming into existence today comes from this very hypothe-
sis of their independent origin (Diener 2001; Trivedi et al.
2007).

After adaptation to an intracellular existence and the
usurpation of a part of the very complicated biosynthetic ma-
chinery and highly effective biochemical transport mechanism
of plant cells, modern viroidal diffuse organisms became much
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more compact. A living cell thus has replaced for them pos-
sibly a whole primordial ocean bay with its submarine hy-
drothermal vents, mineral surfaces, hydrocarbon layer, and so
on, though has not confined them within cellular boundaries
forever. Viroidal diffuse organisms, just like their ancestors,
have no fixed systemic space. They can occupy both a part
of a cell volume and, passing through the plasmodesmata, a
number of neighboring cells, and, moving via the phloem vas-
cular channels, a large part of a plant or an infected plant in
its entirety (Palukaitis 1987; Ding et al. 1997; Zhu et al. 2002;
Daros et al. 2006).

Modern viroid RNAs are only 246401 nucleotides in
length (Flores 2001). The first accurate replicators should
be even shorter, probably not more than 200 nucleotides,
for the free-living diffuse organisms could not have effec-
tive proofreading mechanisms, and there is no doubt that their
primitive polymerases copied RNAs with much lower fidelity
than cellular DNA-dependent RNA polymerases. But even at
such a small size, the resistance of the first diffuse organ-
ism RNAs to premature degradation could be provided, as
well as the resistance of the modern viroid RNAs (Sénger
et al. 1976; Gross et al. 1978; Diener 1989; Sanjuan et al.
2006), only by the high ratio of the highly stable G—-C base
pairs and the formation of single-stranded covalently closed
(with a high degree of intramolecular base-pairing) circular
structures. Besides, as the hydrophilic, accurate replicators
were immersed in an aqueous environment, where most of the
chemical and biochemical reactions took place, they had to be
able to form ribonucleoprotein complexes in which protein-
like molecules would give them a hydrophobic coat. There are
data (Gémez and Pallds 2001, 2004; Owens et al. 2001; Ding
et al. 2005) indicating that the viroid RNAs are moving in
the phloem vascular system in such complexes, and presum-
ably the complexes are the main form of existence of viroids,
for water is the predominant substance in the nucleuses and
chloroplasts.

The replication of present-day viroids entirely depends on
the host enzyme systems, and it is known that the reproduc-
tion of members of the Avsunviroidae family can be carried out
only by one nuclear-encoded chloroplastic RNA polymerase
(Navarro et al. 2000; Daros et al. 2006). But perhaps it was
not always so. Like all modern organisms, viroids are prod-
ucts of about four billion years of adaptive evolution, during
which they have inevitably changed greatly. Their ambience,
it is believed, has radically changed as well. If this is true, dif-
fuse organisms, at the onset of their evolution, might have been
quite free-living; and their RNAs might have reproduced them-
selves (though not as stably and fast as the viroid RNAs), but in
a less suitable environment, with the help of more simple and
less specific catalysts, and via fewer steps. So, if the comple-
mentary copies of the first accurate replicators had very close
functionality, the replication intermediate (“negative strand”)
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and processing might be missing. At the same time, at low con-
centration and poor diversification of protein-like molecules
in the “primordial soup,” some catalytic activity of accurate
replicators could come in rather usefully. Probably, we found
the relics of this activity in the ability of members of the Av-
sunviroidae family to cleave the multimeric replication prod-
ucts being formed by means of the rolling circle mechanism
(Branch and Robertson 1981, 1984) into monomers through
a hammerhead ribozyme contained in their RNA (Hutchins
et al. 1986; Hernandez and Flores 1992; Navarro and Flo-
res 1997) and then to ligate the monomers without host plant
enzymes, albeit with low efficiency, to yield mature circular
viroid RNAs (Lafontaine et al. 1995; Baumstark et al. 1997,
Coté et al. 2001). These viroids can be considered as very close
to the common ancestor of all viroids and viroid-like satellite
RNAs (Elena et al. 1991; Diener 1995).

During the formation of new diffuse organisms, the infor-
mation molecules of several preexisting ones might sometimes
occur in the same area and jointly undergo natural selection.
Thus, long before the appearance of a sexual process, this
has probably allowed the diffuse organisms inhabiting in the
vicinity to reach a high degree of unification of the struc-
ture of accurate replicators and increase considerably the rate
of their evolution. Today, such events must take place every
time a plant organism is simultaneously infected with two or
more viroidal RNAs. Something similar has been shown in
site-directed mutagenesis experiments in which the clones of
viroids were subjected to selective pressure (Diener 1995). The
intense processes of interclonal and intermolecular recombi-
nation of viroidal RNAs, combined with the lack of proof-
reading mechanisms, establishes viroids as the most rapidly
evolving biological system known (Elena et al. 1991; Diener
1995).

The Possible Evolution of Diffuse Organisms

Since, from the very beginning, the necessary properties of
accurate replicators could be defined mainly by their struc-
ture, an increase in fidelity and rate of their self-replication
on the one hand and an increase in the accurate replicators’
resistance to degradation on the other could be among few
possible directions of adaptive evolution of the first diffuse or-
ganisms. Essential progress in the first direction could not be
achieved without an additional expansion of the information
content of the replicating molecules (Eigen 1971). If so, first
the very small size of the faithfully replicated RNAs would re-
quire the loss of functional equivalence of the complementary
polynucleotide strands, and then their progressive specializa-
tion. The one complementary strand (so-called positive strand)
might increase its own resistance to environmental changes,
while maintaining the ability to replicate accurately, thereby
becoming a more stable repository for information and simul-
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taneously expanding the clone capability to spread in space.
At the same time, the other complementary strand (also called
negative strand), being involved in this process to a lesser de-
gree, might increase its rate of transcription. Such a functional
differentiation of the complementary chains of accurate repli-
cators, which has begun at viroidal diffuse organisms, has to
be considered as the first “major transition” in biological evo-
lution. A subsequent increase in the specialization of the com-
plementary RNA strands to perform certain functions (hence
an expansion of their information content) could be achieved
only by means of their elongation. It needs to take into account
an increase in structural complexity of a linear polymer, which
due to its elongation has the feature that it leads not only to
an increase in the intrinsic energy of the system but also to an
increase in its conformational possibilities. Quite often, some
of the new conformations of longer polynucleotide chains are
thermodynamically more stable than those of shorter ones.
This effect can be enhanced by complex formation of RNA
with oligopeptides and proteins as it takes place in viroids.
However, the possibilities of thermodynamic optimization of
a polymeric molecule are not boundless, and therefore the
adaptive evolution of the rather small accurate replicators had
to run into insuperable limitations very early. As we can see,
for billions of years, the structural and functional organization
of viroids has undergone very small changes in comparison
with the ones of other organisms. By means of biological se-
lection, the RNAs of viroids have probably only increased a
little the fidelity and rate of self-replication and adapted to the
intracellular environment of some plants. Hardly probable, it
is possible to imagine something simpler and at the same time
capable to adaptive evolution. In comparison with viroids, the
viruses and simplest cellular life forms seem too complex to
arise spontaneously, even in a very favorable environment.

It is clear that not only the formation of a viroidal diffuse
organism but also its long existence depends on many ran-
dom circumstances. Therefore, from the beginning of adaptive
evolution, the dependence of the accurate replicators’ repro-
duction on unpredictable changes of the remaining part of the
diffuse organism had to decrease progressively. This might
maintain the trend toward the formation of the accurate repli-
cators’ own (instructed by them) biosynthetic machinery, first
in addition to the one already available in the environment and
then in replacement of them. This sequence of events seems
more plausible than the stage-by-stage transition of the somatic
part under the control of the information part, the mechanism
of which is scarcely imaginable. Thus, the following stage
of the diffuse organism’s evolution was apparently connected
with the appearance de novo of potentially continuous “true
genetic information” and its carriers, i.e., genes. This could
occur only through the significant elongation of the accurate
replicators’ chains that in turn could be achieved, for example,
as a result of disturbance of the cleavage of the multimeric
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Table 1. The major transitions on early stages of life’s evolution.

Nikolay P. Kolomiytsev and Nadezhda Ya. Poddubnaya

Accurate replicators (RNAs) the complementary chains —
of those have very close functionality

RNAs encoding reverse complementary copies of —
themselves and not encoding any proteins

RNA as a main repository for genetic information

Diffuse organisms

b

Accurate replicators (RNAs) the complementary chains of those have different
functionality
RNAs encoding proteins (genetic code)

DNA as a main repository for genetic information
Prokaryotes

product of rolling circle transcription, resulting in tandem re-
peats of the unit length of the replicator sequence (Diener 1989,
1991). During the first stages of their evolution, the elongated
accurate replicators might have encoded polypeptides with-
out enzymatic activities (Poole et al. 1998) but able to interact
with the replicators relatively easily. Such an interaction would
provide some mutual stability to both macromolecules against
hydrolysis (Wicken 1987). It would be quite enough that the
encoding of polypeptides might be favored by biological se-
lection, and hence receive further development. As soon as the
incorporation of the information and somatic parts of a diffuse
organism into the common unit of natural selection has begun,
the structural and functional features of the protein component
began to mediate the selective value of accurate replicators
more and more. Using Maynard Smith and Szathmary’s (1997)
terminology, it was the second “major transition” in the evo-
lution of living matter, whose importance far exceeds that of
many other evolutionary events. We tend to believe that the size
limitation of genotypes set by the error rate during replication
(the “Eigen limit”) could be overcome only during the adap-
tive evolution of the replicators, viz., when life had already
begun. When accurate replicators became the carriers of the
true genetic information, they had the possibility to accumu-
late and correct that information during biological selection.
It was the beginning of the era of viral diffuse organisms with
their already nearly unlimited evolutionary opportunities. The
polynucleotide sequences of mimivirus (Raoult et al. 2004),
which in many respects may be considered the apex of the evo-
lution of diffuse organisms, contain numerous genes encoding
central protein translation components, six tRNAs, both type
I and type II topoisomerases, components of all DNA repair
pathways, many polysaccharide synthesis enzymes, and one
intein-containing gene. It is the encoding of the data on the
structure of enzymes and tRNA-like adapters in the order of
ribonucleotide bases in the accurate replicators that enabled the
coordinated adaptive evolution of all components of the organ-
ism. From this moment on, the transition to DNA as a main
repository for genetic information and, later, the emergence of
the first cellular organism became only a matter of time.

So, taking into account our hypothesis of the origin of life,
the beginning of the list of the major stages in the evolution of
complexity, and the transitions between them will be as given
in Table 1.
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Viruses seem to play a critical role in several major evo-
lutionary transitions (Forterre 2006); however, their limited
genome capabilities have not allowed viral diffuse organisms
to evolve complex enough biosynthetic apparatuses and start a
compartmentalization. The preservation of the structural and
functional organization of these organisms was probably de-
termined in many respects by their adaptation to parasitizing
on the biosynthetic apparatuses of cellular life forms, which
has essentially limited their evolutionary requirements.

Information-Somatic Structural Duality
of Diffuse Organisms

From the moment of their appearance on, diffuse organisms
had to consist of an information and somatic part that is char-
acteristic of all living things. The first of them is the clone of
self-replicating, low molecular weight RNAs in the nucleotide
sequences of which the information on structural features re-
quired for the faithful replication (and probably some other,
not numerous properties of these entities) is stored. Many re-
searchers believe that the nucleotidic sequences of modern vi-
roids contain some more information on some functions linked
with infection—in particular, with the cell-to-cell movement
of viroidal RNAs (Ding et al. 1997; Zhu et al. 2001, 2002;
Qi et al. 2004).

The somatic part of the diffuse organisms consists of a
set of specific local environments integrated by a common
circulating liquid medium. Each of the local environments
in turn involves the “assembly lines” of one or several sub-
stances needed for the existence and sufficiently accurate self-
reproduction of the information molecules.

The structural and functional organization of the diffuse
organisms is in conformity with the common principle of or-
ganization of all living things and at the same time has a dis-
tinguishing feature: The information part of these organisms
depends still one-sidedly on the somatic, which acts in relation
to accurate replicators essentially as a part of their environment
common for all members of the clone. Hence, from the mo-
ment of their appearance, the accurate replicators parasitized
on the somatic part of diffuse organism. But, such a broad
interpretation of “parasitism” can be applied to the relation-
ships between the population of any cellular organism and the
abiotic component of its environmental niche (relationships
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between the population and the biotic components are more
diverse owing to coevolution).

Organism-Population Duality of Diffuse Organisms

The accurate replicators of a diffuse organism reproduce them-
selves independently from each other. During this process they
inevitably vie for the same resources in the somatic part. Thus,
we find here intra-organismic (intermolecular) selection, the
units of which are RNA molecules capable of self-replicating
with high fidelity or later, at viral stage of evolution, nucleic
acid molecules together with their translation products that be-
gin to mediate the selective value of these molecules. Hence,
each clone of accurate replicators is an elementary evolution-
ary system, the analog of an ecological population. Various
other nucleic acids molecules that are present in a diffuse
organism, as well as the products of their translation, self-
assembled polypeptides, carriers of chemical energy, and so
on, do not depend on accurate replicators in their evolutionary
changes. However, all these substances provide the survival
and successful self-reproduction of accurate replicators and,
together with them, carry out organismal functions. Thus, the
diffuse organism is an organismal and evolving system at the
same time. It seems that only such a system that has emerged
in the only specimen as a result of a set of chance events
operating under a system of universal physical and chemical
laws was able to give rise to life and evolution by means of
biological selection.

Later during adaptive evolution, the accurate replicators of
diffuse organisms could evolve into individuals within which
the synthesis of all substances necessary for metabolism,
which were formed in the nonliving nature with difficulty,
or not at all, began to occur. However, even the most perfect
organisms, like their predecessors, need water, minerals, en-
ergy, and so on, which are supplied from outside. Since some
of these resources can be very scarce in the environment, the
individuals of the same populations also often enter into a
competition for them. This competition additionally increases
the pressure of natural selection on the organisms. Besides, the
individuals form symbiotic relationships with other organisms
that have become absolutely necessary (obligate) for many of
them to provide the certain processes of vital activity. Thus,
the populations of cellular organisms and parts of their en-
vironments form systems in which, at a new level of living
matter organization, the principle of the diffuse organism’s
organization is repeated.

The Diffuse Organism Among Other Hypotheses
About the Origin of Life

Most of the modern hypotheses of the origin of life and
variations on these hypotheses fall into one of the follow-

74

ELINT3

ing three major groups: “metabolism first,
and “double-origin hypothesis” (Table 2).

The hypotheses of the first group follow Oparin’s coac-
ervate theory. They postulate that the origin of life was con-
nected with the emergence of a primitive metabolism, and the
metabolic processes assembled prior to the existence of repli-
cators. The network of biosynthetic and metabolic pathways is
obligatorily enclosed in coacervate droplets, mineral compart-
ments, or lipid or protein microspheres (therefore the most of
the “cell first” hypotheses belongs to this group). It is supposed
that such entities have the capability to grow, reproduce, and
even evolve.

replicator-first,”

In contrast with the “metabolism first” model, the
“replicator-first” scenario, known as the RNA world hypoth-
esis (Gilbert 1986), proposes a single biopolymer, probably
RNA, acting as both a replicator (therefore providing the con-
tinuity of structural information) and a catalyst for its own as-
sembly and replication. By now, researchers have constructed
several biosynthetic pathways of synthesis of all the biochemi-
cal precursors of RNA and offered various hypothetical scenar-
ios of the RNA world (see, for example, Orgel 2004; Gesteland
et al. 2006).

The ‘“double-origin hypothesis,” traceable to Oparin’s
ideas, tries to combine eclectically the “metabolism first” sce-
nario for the emergence of life with the elements of the RNA
world. According to this model, life began with protein-based
systems, proto-cells reproducing by statistical division, which
were later “infected” by parasitic nucleic acids (Dyson 2000).
Experiments have shown that when liposomes are dried in the
presence of macromolecules, the latter are captured upon rehy-
dration (Deamer 1997). The problem is that the mechanism of
gradual transition of the metabolic processes and the synthesis
of the vesicle membrane under the control of the information
molecules seems scarcely imaginable.

Our conception of the “diffuse organism” is of course
near to the RNA world model, but unlike the latter it takes into
consideration the following facts: (1) polypeptides are synthe-
sized easier than polyribonucleotides; (2) only relatively large
RNAs with complex tertiary structure, the formation of which
in turn requires complex catalysts, can be ribozymes with high
catalytic activity; (3) only very small RNA molecules could
be formed spontaneously or with the help of very simple cat-
alysts; (4) pools of such molecules could exist only within the
limits of a certain system providing their regular reproduction
and resistance to premature degradation; (5) the synthesis of
various organic compounds requires specific media, which,
with rare exception, are not compatible with one another; and
(6) the structural organization of the first living systems should
be analogous to the structure of the simplest modern living
beings.

All the scenarios had to have starts, of course, from simple
organic molecules formed by prebiotic processes.
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Table 2. Comparison of hypotheses about the origin of life.

Nikolay P. Kolomiytsev and Nadezhda Ya. Poddubnaya

Hypotheses The Initial Stage of Life

Supporting Reasons

Problems and Difficulties

“Metabolism first” The network of biosynthetic and
metabolic pathways operating
without needing any information
molecules, which are enclosed in

any compartments.

“Replicator-first” Pools of a single biopolymer, which
have served both informational
and catalytic roles, adsorbed on a
mineral surface or enclosed in

mineral compartments.

“Double-origin hypothesis” A protein-based proto-cell
reproducing by statistical division,
which was later “infected” by
parasitic nucleic acids.

“Diffuse organism” A particular material system
representing a set of specific
local environments integrated by
a common circulating liquid
medium where relatively short
RNAs are replicated with great
accuracy, and evolve.

The proteic fragments can be
formed easier than nucleotides.

Proteins are the most efficient
catalysts known.

Membranes and walls protect
complex molecules from
dispersion in dilute solutions.

The discovery of RNA enzymic
activity and the creation of
artificial ribozymes.

There is no need for protein
enzymes and a large genome.

Currently, various RNAs play key
roles in the maintenance of vital
functions of all living things
without exception.

The capability of incorporation of
macromolecules into liposomes
has been experimentally shown.

Eigen’s paradox, “no enzymes
without a large genome and no

Without the high fidelity of the
entities’ reproduction there is
no ensuring adaptive evolution.

Membranes and mineral walls
prevent water-soluble
substances from freely passing
between living system and the
environment.

RNA is difficult to synthesize
abiotically.

The chemical fragility of RNA.

The mechanism of gradual
transition of metabolic
processes under the control of
information molecules seems
scarcely imaginable.

As yet, we know of no example
of a viroid able to live and

large genome without evolve on its own.
enzymes,” could be, to a
certain extent, circumvented.

Very similar systems are formed by
viroids at infecting the cells of

some plants.

Conclusion

There are good reasons to believe that life may have arisen
within the limits of a particular material system representing a
set of specific local environments integrated by a common cir-
culating liquid medium where a clone of relatively short RNAs
(about 200 nucleotides), which are replicated with great ac-
curacy and encoding no proteins, existed. In the clone, the
conditions required for adaptive evolution to operate were es-
tablished for the first time, and in each of the local environ-
ments, the synthesis of certain substances, which are required
for accurate replication and survival of the RNAs, are carried
out. That is to say, in such a system, the complexes of func-
tions that today are considered as organismic are performed.
Such a system, which can be called “diffuse organism,” is,
in essence, a very rough and bulky analog of the structural—
functional organization of the cell’s biosynthetic machinery.
The diffuse organism may have originated by conformal evo-
lution (Kolomiytsev and Poddubnaya 2007) somewhere in the
unique environment of our planet. For this to happen, an ex-
tremely rare coincidence of very many favorable events that
are a rare occurrence but real nonetheless was certainly re-
quired. Such a single system was able to give rise to life and
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adaptive evolution because of its organism—population dual-
ity. During adaptive evolution, diffuse organisms may have
changed noticeably, and in viruses, even began the formation
of components of the biosynthetic apparatus.

The colonization of the cellular forms of life that have
emerged by then and the usurpation of the cells’ biosynthetic
machinery (accompanied by the likely secondary loss of some
primordial components) could allow these living systems to
become much more compact and carry out organismal func-
tions more effectively. As a result, diffuse organisms have not
disappeared from the face of the Earth and quite successfully
coexist with their more perfect progenies and demonstrate a
surprising persistence in various environments and extensive
adaptive radiation (Breitbart and Rohwer 2005). Today they
bring to us the echo of the initial stages of the animation of mat-
ter again and again during their formation in viroid and virus
infections. Thus, the diffuse organisms are, in many respects,
so peculiar among life forms that they should be assigned to
the highest taxonomic category, which ought to be placed in
the root of a comprehensive phylogenetic tree of life.

This hypothesis, as well as all the other origin of life
concepts without exception, remains beyond the reach of
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experimental verification and, as well as the others, involves
speculation. As yet, we know of no example of a viroid able
to live and evolve on its own, but any samples of protobiont,
hypercycle, or RNA world have never been found in nature
and have never been produced artificially as well.

At the same time, the individual components of our hy-
pothesis can be considered as tested. So, all the ideas of RNA
world incorporated in the hypothesis either have been tested
experimentally or there is some real hope of deciding whether
they are true or false of real experience (Orgel 2004; Gesteland
et al. 2006). Reproduction in the “diffuse organism” model of
the principle of the structural organization of the systems that
are formed by viroids and viruses at infecting the cells can, to a
certain extent, also be considered as the test of the hypothesis.

The hardest problem all researchers face is the abiotic
synthesis of RNA molecules and their monomers. In order
to achieve its solution, it will likely be required to form a
maximum realistic idea of how the great diversity of precursors
of biological macromolecules could come about naturally from
nonliving matter and how the first accurate replicators and
enzymes were generated.

The scenario of the origin of life outlined here allows us to
narrow down the still insuperable gap between prebiological
chemistry and the first accurate replicators without devising
conceptions unrelated to the realities of life. Our hypothesis
also suggests a possible direction to solve the chicken-and-egg
dilemma of how the first life carriers could come into existence
in the absence of complex catalytic machineries by lowering
the level of complexity of self-replicating molecules and, so
doing, bring together the concepts already in existence.
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