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Nomogenesis and the logic of chance

Dmitri L. Vyssotskil’z’3

Evolution of available genomes was shown to be proceeding
through random changes, the changes that comprise the main
modus of evolution (Koonin, 2011)'. Morphological evolution of
available and extinct Metazoa was shown to be going on the basis
of law, by means of precession of characters, where characters
originally manifested in the young along in the course of time and
evolution were displayed also in adult descendants (or supposed
descendants) of that organism (Berg, 1922)2 This contradiction is
obviously solved in nature, where the appearance of any new
genetic locus in the genome and its further expression in the
phenotype can be separated by unlimited period of time and by
unlimited number of generations. The management of dormant
genetic loci has come from the previous evolutionary stage,
unimaginable today, where organisms were open systems with
respect to the flow of genetic elements and were collecting,
discriminating and storing genetic elements from the external
environment. This was an important period when multiple systems
for blocking and unblocking of genetic loci came into being.
However even before this stage, it was even more fantastic
evolutionary period where replication, transcription and translation
were absent and Eigen cycle was not possible, but organisms
were collecting randomly available components (proteins, RNA
and DNA) by means of action acceptors (Anokhin, 1955)34 - sites
of double-stranded DNA mechanically compatible with useful
components. Action acceptors themselves were unable to be
replicated by modern way (no DNA polymerase!), but they were
collecting their pseudo-copies from the environment - the pieces
of DNA that were born in the environment and occurred to be

compatible by chance with current action acceptors. Action
acceptors, — the structures that sense presumably useful results
or substances, were directing evolution from the early beginning
and they are directing it today through activation and deactivation
of dormant genetic loci.

In animals like mice, rats and guinea pigs, and also in humans
(holocaust survivors and their progeny)’, the phenomenon of
phenotypic inversion can be observed® . Phenotypic inversion is
defined as the opposite quantitative changes in untreated
offspring with respect to treated, e.g. drug-treated, parents''.
Phenotypic inversion was also reported in plants'® and insects'’.
The term was introduced in 2004'® and it is in use in connection
with transgenerational epigenetic compensation'o'ls‘lg'm.

In humans’ and guinea pigs15 the phenomenon of phenotypic
inversion was registered also in methylation of DNA. Thus, the
demethylation of 5-methylcytosine behaves here as a phenotypic
trait and not as a heritable basis of transgenerational effects.
Very often phenotypic inversion was obtained as a result of
paternal drug treatment (prenatal, neonatal and adolescent), using
such drugs as morphineg'M, thyroxine6‘7‘10'14 or complex
substances like plastic mixtures’>. However less often it was
reported that phenotypic inversion can be expressed during
lifespan of a given descendant in a semi-stochastic “all-or-none”
fashion' (as “unstable, destabilized”23).

An example of such “all-or-nothing” expression of phenotypic
inversion is shown in the Fig. 1, where randomly enhanced water
consumption is recorded in female guinea pig, obtained from
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Figure 1 | Randomly expressed increased water consumption in the experimental female guinea pig, obtained from female with low adult water
consumption and normal male. Postnatal days P614-P676 are shown. The stochastically increased water consumption in this female is in contradiction
with the phenotype of her mother. Her mother was born in a litter of four, among normal littermates. The mother had decreased water consumption and
increased locomotor activity and curiosity in home cage, observed during childhood, adolescence, adult life, and during pregnancy and lactation also.
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Figure 2 | Expression of one previously dormant genetic locus. Leo S.
Berg has described the “precession of characters” in 1922: “... latent
characters (factors, genes) originally manifested in the young alone... in
the course of time and evolution are displayed also in the adult
descendants (or supposed descendants) of that organism” [p. 75%; the
word “genes” was italicized by Berg]. Ontogenetic time scale is shown for
such animals as rats, keeping in mind experiments with methadone and
morphine (Figs. 1?* and 2%, Supplementary Fig. 5a'"). E0 — the first
embryonic day, PO — the first postnatal day.

female with unusually low water consumption. Note the random
character of the expression of this phenotypic inversion (see also
Supplementary Figs. 2-3). Of course, phenotypic inversion is
supposed to be a result of compensatory changes''. Phenotypic
inversion was also registered as an enhanced sensitivity to
morphine in the F, progeny of chronically morphine-treated male
Wistar rats, shown in the Supplementary Figs. 4-7. The relative
lack of such observations in literature is a consequence of the
absence of long-term records (it is thought to be difficult or
impractical to monitor all descendants during their lifespan).
Such records do exist for daily water consumption in guinea pigs
(500 days) and morphine analgesia in rats (25 time points
distributed among 7 days). Where long-term records are
available, random “all-or-nothing” expression of phenotypic
inversion during lifespan of a single animal is usually obvious.

Leo S. Berg has shown that new morphological changes can
appear in evolution on the basis of law — by means of the
precession of characters (Fig. 2). The time scale of shown
example is given for the disturbance of opiate system in rats.
This relatively new example was not discussed by Berg. The
appearance of any new morphological trait, described by Berg, is
an “all-or-nothing” response that is non-controllable or poorly
controllable in amplitude, but nicely regular in temporal
dimension during both ontogenesis and phylogenesis.

In modern experiments with transgenic mice, schematically
shown in the Fig. 3, the disappearance or attenuation of
phenotype in successive generations was observed rather often,
but it was not reported so often due to social pseudo-scientific
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reasons. Both the observations of Berg concerning the
appearance of dormant traits in evolution and the modern
observations concerning the disappearance of phenotype in
successive generations of transgenic mice demonstrate that
Metazoa have sufficient molecular tools to control dormant
genetic loci and to use them purposively.

The evolution of biochemical syntheses, described by Norman
H. Horowitz (1945)% (Fig. 4), implies that any chain of
biochemical reactions was developing in evolution from its final
result (product). And all further steps were growing from the
right to the left (shown as sequence: 7 «— 3 « 2 « ), where
each new enzyme was introduced by purpose — to provide
substrate for previously existing process. Thus, this chain as a
whole was build up as a purposive structure, being strictly
purposive during each step of its evolution. Each additional step
was satisfying the pre-existing action acceptor — the structure
that can sense the presence and can use the result of this newly
added step. The whole schema of Horowitz is an example of
evolution, determined by law, determined by the requirements of
pre-existing functional systems.

The law of homologous series in variation, discovered by
Nikolai I. Vavilov (1922)%, also can be used as an illustration of
evolution, determined by law. Usually, similar heritable
deviations (variations) in different species are explained by
mutations in similar important genes that are normally expressed.
But if it would be so, such events would be very rare, because
such changes would be recessive and observable only in
homozygous samples. Contrary to this, similar variations are
formed by suddenly expressed dormant genetic loci those are
also similar between species. Their sudden expression produces
detectable effect in heterozygous individuals, being obviously
dominant. Here we would like to repeat that in the experiments
with paternal drug treatment®'* mothers were always drug-naive.
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Figure 3 | New genetic locus is submerging into dormancy. In mammals,
this process needs at least three shown generations (theoretically, in an
idealized situation). In real life, 6-12 generations are required to bring new
genetic locus into completely dormant state (many experiments with
transgenic animals, mainly mice, are pointing out that this estimation is
correct, at least for some genetic loci)*”*%. Similar results, being frequently
obtained, remain typically unpublished (nobody would like to report the
disappearance of the phenotype discussed in the previous own article).
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Figure 4 | The evolution of biochemical syntheses by Norman H.
Horowitz (1945)%. a, Chain of biochemical reactions, shown
schematically from substrate A to product E, is catalyzed by a set of
specific enzymes 1, 2, 3, 4. b, In evolution, the order of appearance of
specific enzymes is the opposite to the mentioned above and it can be
shown as X, 2, A, 7. Substance, known now as a product, at some point
of evolution was randomly available from the environment. At the moment
of its partial disappearance from the environment, but under condition that
it still could be produced somehow from other available substances, its
synthesis was beneficial and specific enzyme came into being.

So, we are dealing with dominant effects in the progeny — with
expression of previously dormant genetic loci. Similar results
(i.e. expression of previously dormant genetic loci) were
obtained during domestication of silver foxes by Dmitry K.
Belyaev*>*. Historically, homologous series of variation were
first observed in wheat, which is usually self-fertilized, and later
the same regularities were confirmed in rye, a typical cross-
fertilized plant (p. 58).

The term “action acceptor” was first introduced by Peter K.
Anokhin in 1955>* to describe behaviour of animals, at that time
— dogs, as a brain-related feature. However the first action
acceptors were present even before the appearance of replication,
transcription and translation. Strictly speaking, the action
acceptor is the first structure that appears in phylogenetic
development of any functional system and this structure can
sense and potentially use randomly appearing results, those are
born in the external or internal environment by chance. All
processes, even so complex as cell division, were appearing in
evolution as random events. First — appearing purely by chance.
Then — appearing with increased probability during some periods
and appearing with decreased probability during some other
periods of ontogenesis. Finally — appearing as clearly
deterministic and well-controlled processes. Each time the action
acceptor was formed before the next evolutionary step, and the
next evolutionary step, like the next ferment in a biochemical
chain, was found and raised up by the pre-existing action
acceptor.
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Typically our attention is focused upon the effector parts or
production lines that produce ‘“real result”. If we see some
feedback loop, we have a tendency to accept it as a relatively late
addition that just slightly improves this system. However in real
life, all feedbacks with their action acceptors were formed in
evolution before all currently observable effector parts of given
functional systems. It was an action acceptor that was the main
acting agent in organization of all effector components from
randomly available parts. Each of these parts could be first
introduced at any previous evolutionary stage by chance.

Thus, from the early beginning the evolution was proceeding
under control of very short and very strong feedback loops —
internal feedback loops from the action acceptors. The shortest
feedback loop was typically the strongest one. This type of
evolution looks teleological and internally purposive. It is
teleological and internally purposive — no secret here. For
discussion of real teleology and pseudo-teleology of Darwinism
we would like to refer to the book of Nikolai Ya. Danilevski,
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Figure 5 | Action acceptor in evolution. a, Early (ancient) organism was
an open system not only in terms of energy, but in terms of its structural
and genetic components also. It was not able to synthesize, but it was
able to collect many components from the environment. The process of
collection of components was performed by a set of action acceptors. b,
Evolution of any production line starts from the acceptor of an action —
from formation of potential feedback loop which appears in evolution
before the first effector components of given functional system. Functional
system is an entity that is searching for or is supporting the existence of
some positive (useful) result with a help of feedback loop. The detector of
useful result (action acceptor) is the first element in formation of feedback
loop, see Fig. 6.11 (p. 241)* and Fig. 6.18 (p. 253)*.
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Figure 6 | The origin of life. a, The double-stranded DNA, despite a lot of
imperfections (non-paired regions), comprised a set of action acceptors —
a set of sites holding mechanically all necessary proteins and other
components. It was surrounded by lipid membrane, formed by chance. b,
Above-mentioned lipid membrane, surrounding DNA-protein complex,
was very frequently mechanically destroyed. And it was the ability to DNA
to hold previous useful components and to collect new similar or even
better components from the environment that was the core of life. DNA
was unable to replicate itself, but if was able to collect more or less
compatible DNA pieces those were born by chance in the environment.
DNA-protein complex contained several imperfect pseudo-copies of
dsDNA. ¢, Randomly, the lipid membrane around this DNA-core was
formed again — and the pseudo-cell with refreshed soluble internal
components was able to run a set of internal biochemical processes —
waiting for the next mechanical disruption.

published first in 1885%%, — it is fantastically important even
today. As soon as functional system occurred to be equipped
with even weak internal feedback loop — it has information about
its own efficiency. And “efficiency” was determined in
physiology by Alexander M. Ugolevg4 33 as relation of positive
effects to negative ones (“cost factors”). It might be difficult to
imagine “ideal organism”, but we can always imagine “ideal
functional system” — a system that is absent, but its positive
result is achieved — this idea was first introduced by Genrich S.
Altshuller®® with respect to technical systems. The increase in
complexity, observable in evolution, is not a purpose per se, but
higher complexity is often, but not always, linked with higher
efficiency. Parasitic organisms, evolving towards simplicity, are
also good examples of the principle of efficiency.
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Thus, any functional system of the organism has an ability, at
least theoretically, to evolve towards “ideal functional system”
and it can do so using its own internal feedback loops. It would
be an error to assume that such feedback loops are good only for
relatively simple optimization of the process. Any process exists
usually under the pressure of contradictive forces and
requirements. An attempt to increase one positive feature
typically leads to decrease of another positive feature or to
increase of some cost factor. Only the invention that can increase
the main positive effect without the increase of the main cost
factor would be really important evolutionary step, and this step
will be done also with participation of local feedback loops, but
the last remark does not mean that this step will be easy to
perform.




As shown in the Fig. 5, the formation of an action acceptor
and the formation of potential feedback loop are preceding in
evolution the appearance of effector components of given
functional system. The structure that senses the positive result
develops in evolution first of all. At the beginning the result can
be achieved only randomly — due to pure chance. The effector
components will increase the probability of the appearance of
positive result only later in evolution.

In modern organism, randomly available genetic and structural
components are recruited by the action acceptor into production
line in order to achieve qualitatively and quantitatively
acceptable final result of this functional system. In modern
organisms some action acceptors can be fantastically complex,
distributed among multiple cells, but their main function remains
the same — to search for and to support the desirable state of the
organism or situation (not just to sense more or less good
products among products with multiple errors). With respect to
genetic components it was necessary not only to collect them,
but to put them into domesticated state. The domesticated state
means that the organism has an ability to switch given genetic
element “on” and “off”. The “on-off” switch — presumably
reversible genetic change — has appeared in evolution even
before the appearance of reliable replication. It means that an
ancient organism was unable to reproduce incoming genetic
elements, but it was able to switch them “on” and “off” in
accordance with requirements of this organism.

As shown in the Fig. 6, the life on Earth has started when
reliable replication, transcription and translation were absent
(everything — below Eigen threshold'”). Trans-membrane
transport and trans-membrane potential were absent also.
However, double-stranded DNA comprised the core of life. Its
task was to collect and hold together all other necessary
components (more or less similar DNA, more or less useful
proteins and more or less useful RNA — all of them were
randomly available from environment — they were developed by
pure chance at the beginning of life). RNA was served as an
intermediate factor in order to hold useful proteins that were not
interacting with dsDNA sufficiently.

The mechanical disruption of this pseudo-cell was not only an
analogue of cell division, but it was also an analogue of cell
feeding. Whether the above-mentioned collection by dsDNA of
more or less similar pieces of dsDNA together with other
components could be described as “compositional inheritance as
a mechanism of self-reproduction™® is an open question. At the
beginning of life the mechanical disruption of pseudo-cell was
really chance event. Only afterwards the pseudo-cell was able to
increase probability of mechanical disruption at some stage of its
existence and to decrease probability of mechanical disruption at
some other stage of its existence.

Note that proteins that were binding to dsDNA directly, at the
next stages of evolution will be “transcriptional factors”.
Replication, transcription and translation were developed under
the control of action acceptors that were collecting only more or
less successfully replicated, more or less successfully transcribed
and more or less successfully translated components. Action
acceptors were (and they remain!) the core elements of life that
were able to compensate the fantastically low reliability of
replication, the fantastically low reliability of transcription and
the fantastically low reliability of translation. All three above-
mentioned processes were developed under the control of very
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Figure 7 | Activation of previously dormant genetic locus in evolution. a,
Three dormant genetic loci, each with reversible genetic change in the
area of regulatory sites, are shown. b, In a deeply stressful situation the
specific protein A is expressed, it binds to the site of reversible genetic
change and increases the probability of its conversion into active state. ¢,
In the exactly the same organism the protein B is expressed, it binds to
the same site of reversible genetic change and increases the probability
of its conversion into dormant state, but it can not do so with very highly
expressed gene # 3. d, All previously expressed proteins A and B are
finally disappeared, but previously dormant gene # 3 remains in active
state (accessible for further regulation of its expression) forever. Similar
process was called “orthoselection” in 1934 by J.W. Harms (Harms
discussed the transition of vertebrate animals from water to land through
multiple attempts, linked with transition of genes from “active” into
“passive” state and vice versa)®**°. See Supplementary Information.

local, very short and very strong feedback loops. All proteins,
facilitating necessary reactions, were collected together with
products of the above-mentioned reactions by dsDNA, even
despite any “knowledge” of their interactions were absent in the
system (useful components should be held together — that is the
principle). Very complex machinery of replication, transcription
and translation was formed by means of collection of
components that were formed independently and purely by
chance. It means that DNA templates and proteins that were later
formed of the basis of these templates, at the beginning of life
were collected together just because the presence of templates is
correlated with the appearance of above-mentioned proteins —
both templates and proteins were formed at the beginning of life
independently and mainly by chance.

As a short summary we can say that the evolution of the
genome of any organism is always random - it is directed only
by chance (Koonin, 2011)". Morphological evolution and
physiological evolution in general is always determined by law
(Berg, 1922)>. And it was so even before the appearance of
replication, transcription and translation. We can suppose that
the very first action acceptors have appeared in evolution also by
chance. As soon as the first action acceptors were present and
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were able to collect from the environment useful components of
different nature, randomly available (DNA, RNA, proteins), the
first functional systems were formed and all further evolution
was dictated by the requirements of the pre-existing functional
systems. This process was and it is internally purposive, however
some final goal is not absolutely necessary for its existence. It is
sufficient to have local vector of development, each time based
on local efficiency of currently present functional systems. This
vector sometimes can be erroneous and it can lead to the
extinction of the species, but it is always present (just because
functional systems with their feedback loops are always present
inside given organism).

Thus, evolution is a purposive process, and each its step is
based on local efficiency. These are no analytical means that
could distinguish between the results of the above-mentioned
process and the results of evolution, directed by God, if our
understanding of God is provided by Orthodox Judaism. In both
cases all local decisions are solutions of contradictions between
local positive effects and local cost factors. Thus, both
descriptions have equal relation to the observable universe.
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