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Abstract

The genes referred to as ontogenes are responsible for conditional mutations.
Based on the results of the research of conditional mutations in D. melano-
gaster, we attempt to figure out the biological role of ontogenes. We conclude
that ontogenes in the process of individual development control the construc-
tion of the living organisms of cells (cellular construction), which comprises
the induction of cell division, determination of division plane, and the loca-
tion of daughter cells after the division is completed. The process of morpho-
genesis consists of cellular construction and protein synthesis. Protein syn-
thesis is controlled by protein-coding (Mendelian) genes. Mendelian genes
are switched on by ontogenes. In terms of the two-component genome com-
posed of Mendelian genes and ontogenes, we consider 1) the concept of bio-
logical character; 2) interspecific incompatibility; 3) ontogenesis; 4) phyloge-
nesis; and 5) mutagenesis. Ontogenes, which control cellular construction,
possess the specific features unusual for Mendelian genes, namely, 1) the ac-
tivity in germ line tissue; 2) remote interaction; and 3) activity in a compacted
state (heterochromatization). These specific features of ontogenes suggest
that unlike the Mendelian genes with their chemical activity, ontogenes pos-
sess another type of activity (biophysical) involving induction of an electro-
magnetic field.

Keywords

Cell, Morphogenesis, Ontogene, Ontogenesis, Electromagnetic Field,
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1. Introduction

Genetics traces its origin back to the experiments by Gregor Mendel on the in-
heritance of alternative characters [1]. Alternative characters are the characters

determining the intraspecific differences. A century and a half later, the idea
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came up to the authors of this paper that a living organism would possess the
traits of quite another category, namely, the traits determining the intraspecific
similarity [2] [3]. Since the traits of this kind by definition have no variants
within a species, whereas the variants of the former traits (determining the in-
traspecific differences) do exist, we assumed that the genes responsible for in-
traspecific similarity are somewhat different from the genes determining the in-
traspecific differences [4].

The genes responsible for intraspecific differences are the well-known Mende-
lian protein-coding genes, long ago regarded as the only and unique units of he-
redity. Correspondingly, we decided to experimentally test whether there were
special genes responsible for the intraspecific similarity [5] [6]. This is how the
mutations, named conditional, were discovered in drosophila [7] [8]; the cor-
responding genes were named ontogenes [9] [10].

A phenotypic appearance of conditional mutation is peculiar. A Mendelian
mutation is a variant of the phenotype versus a conditional mutation, which is a
specific variant of phenotype inheritance. The conditional mutations are inhe-
rited a manner other than the Mendelian pattern. The mutation manifests itself in
the individuals of one genotype but does not appear in the individual of another
genotype. The overwhelming majority of the obtained conditional mutations are
dominant lethals. However, a dominant lethality takes place in the individuals of
a certain genotype and is absent in the individual of another genotype. Occasio-
nally, conditional mutations have an obvious manifestation: a mutant phenotype
is observable in a certain genetic environment but is absent in another one. Thus,
the genotypes where a particular conditional mutation is manifested are deter-
mined by the form of selection when producing this mutation.

Similar mutations have been described in the genetic literature. These are the
conditional mutations that manifest themselves depending on environmental
factors: temperature, food chemical ingredients, and so on [11]. Another type is
the mutations with incomplete penetrance [12] [13]. The mutations we discov-
ered differ from both categories: from the former, by changing their manifesta-
tion depending on the genetic rather than environmental conditions and from
the latter, by that a manifestation or the absence of manifestation of conditional
mutations is strictly associated with particular genotypes, which is untypical of
the mutations with incomplete penetrance.

A conditional manifestation, forming the background for selection of condi-
tional mutations, alone indicates the difference of the selected genes (ontogenes)
from the Mendelian genes. While Mendelian genes are independent units of in-
heritance, ontogenes look as if dependent. Along with a conditional manifesta-
tion, the experiments with the obtained conditional mutations have shown many
distinctions of ontogenes from Mendelian genes [7] [8] [9]. Currently, the con-
tent of the concept of ontogene coincides or is very close to the concept of Jong
noncoding RNA genes, which has recently appeared in molecular genetics [14].
After the ontogenes were discovered, the genetic system ceased being a mere

sum of hereditary units but rather has become the system comprising two simi-
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lar but not identical elements—Mendelian genes and ontogenes [15]. The ques-
tion arises on the biological purpose of ontogenes and the way the Mendelian
genes and ontogenes coordinate their functions.

Some of the unusual manifestations of conditional mutations in drosophila
suggest that ontogenes control the process of how living organisms are con-
structed of cells [16]. The developmental biologists have been always intrigued
by this biological process [17]; however, any attempts to study the genetics of
this process have failed [18]. As it will be clear from the following narrative, the
underlying reason is that the protein-coding genes do not control this process,
while genetics until recently has been unaware of any other genes. The goal of
this paper is to describe the experimental data suggesting that ontogenes are in
charge of the construction of living organisms with cells as the bricks and to

grasp the place of this unique process in the scope of biological issues.

2. Ontogenes Control Cellular Construction (Experimental
Proofs)

2.1. Morphoses

A characteristic manifestation of the conditional mutations in Drosophila mela-
nogaster is development of morphoses in mutants and their offspring [19] [20]
[21]. Morphoses are monstrous morphological changes in the appearance of an
adult fly resembling the normal structures but lacking any functional role. The
absence of a certain normal structure or its part(s) is a variant of morphosis.
Frequently, morphosis looks as a failure of assembly using the usual correct ele-
ments. Figure 1 and Figure 2 show some examples (of approximately 1000
available cases of morphoses) recorded when working with the mutations of on-
togenes. The images of about hundred of them classified according to the fly
body parts have been published [20] [21].

2.2. Asymmetry of Morphoses

A hallmark of morphoses is their asymmetry. As a result of morphoses, normal
bilaterally symmetric structures (wings, legs, eyes, and so on) appear on the one
side of the body, left or right, rather than on the two sides (Figure 1). The cases of
a total absence of a body structure are also unilateral (Figure 2). Note that the
Mendelian mutations in drosophila appearing as morphological defects are rather
frequent; however, the defects are much simpler as compared with morphoses
and are always the same at both sides if it is a bilaterally symmetrical trait.

The difference in the symmetry between morphoses and Mendelian mutations
was observed in an experiment. In one case, Mendelian mutations were intro-
duced to the fly strains carrying ontomutations and in the other, Mendelian
mutations emerged spontaneously. The difference in the symmetry of a mor-
phosis and a Mendelian mutation is evident when they emerge in the same indi-
vidual (Figure 3). The morphosis resides on one side of the fly body (left or

right) versus the Mendelian mutation, which is found on both sides.
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Figure 1. The morphoses of the “plus tissue” type (surplus morphological structures): (a)
groups of eye ommatidia (red spots) on the occiput; (b) an additional eye on the right
side; (c) an additional thorax with an altered wing on the right side and a normal wing on
the right side in a form of a structureless bubble; (d) an additional wing on the right side
(directed forward) and an altered thorax on the right side; (e) a tergite fragment with
bristles on the abdomen; (f) doubling of the external male genitalia; (g) four wing-like
appendages with bristles instead of a normal wing on the right side; (h) tarsus on the ab-
domen; and (i) an additional altered seventh leg [22].

Figure 2. The morphoses of the “minus tissue” type (lacking morphological structures):
(a) loss of a wing (stump) and bristles on the left thorax; (b) loss of a prothoracic leg on
the left side; (c) loss of the head capsule and a major part of the right eye; (d) loss of the
left wing and circular bristle pattern on the left thorax; (e) one pair of legs instead of three
pairs in the normal fly and different shapes of the right and left legs in the remaining pair;
(f) reduced tarsus of the left metathoracic leg; (g) loss of a half thorax on the left side, in-
cluding the wing, and a right wing with a Notch-type indentation; (h) circularly cut right
wing; and (i) loss of the left wing and a cone-like stretched left thorax [22].
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Figure 3. Secondary mutations and morphoses: (a) speak mutation; (b) cabin mutation;
(c) plexus mutation; (d) Bar mutation (an eye as a band) in the short legs strain and a
morphosis of the left wing; (e) dumpy mutation (obliquely cut wings) and a morphosis
(absent right wing); (f) black mutation on the left side and a morphosis of the right wing
(its shortening and a bubble on it); (g) a morphosis (bifurcation of the thorax and a bub-
ble-like left wing) in yellow strain; (h) white-apricot mutation and a morphosis (absent
half thorax and the left wing); and (i) Bar mutation and a morphosis (a decreased second
head instead of the left eye; the eye on the small head copy has the same phenotype as on
the main head) [20].

2.3. Parental Inheritance of Morphoses

The Mendelian mutations are inherited according to the rules of Mendel. As for
the morphoses, induced by disturbances of ontogenes, they are inherited ac-
cording to a parental type. This means that the morphoses in the offspring of a
mutant parent emerge in both the progenies that received the mutation from
parents and the progenies that did not receive the mutation [22] [23]. Thus, it
turns out that the main point in the inheritance is that a trait is present in a par-
ent rather than a progeny receives the corresponding gene from the parent. Fig-
ure 4 and Figure 5 illustrate the parental inheritance of morphoses. In the first
case (Figure 4), a male carried a mutation in an ontogene located in the X
chromosome. Nonetheless, its progenies from the cross with yel/low females that
have not received the mutant chromosome (the progenies with a yellow pheno-
type) have morphoses. In the other case (Figure 5), females carried a mutation
in an ontogene in the X chromosome. Nonetheless, their progenies that inhe-
rited the second X chromosome (lacking mutation) from mother (with a B w*

phenotype), had morphoses.

2.4. Abnormalities of Meiotic Division in Ontogene Mutants

In total, 30 mutations of this type residing in the Drosophila melanogaster X

chromosome have been assayed for their ability to cause meiotic nondisjunction
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[24]. The level of X nondisjunction in the females heterozygous for the mutation
in ontogene appears to be very high. The share of matroclinous daughters
reaches 24.7% of the overall offspring and of patroclinous males, 24.9%. Neither
inversion in the opposite X chromosome nor additional Y chromosome has any
effect on the X nondisjunction. The balance of the XX and X0 egg cells is dis-
turbed: exclusive daughters are prevalent in the offspring of the females with a
normal opposite X chromosome and exclusive sons, in the offspring of the fe-
males with an inverted X chromosome. In addition, 12% of the matroclinous

daughters of the females with a normal opposite X chromosome are homozygous

Figure 4. Morphoses in the offspring of conditional mutants. I. Parental effect of a pa-
ternal type. Conditional mutation was in the X chromosome of a normal male crossed to
yellow females. The yellow sons did not receive the mutant chromosome from their father
but still developed morphoses. In two cases, a male was crossed to the ((1) DX, y w ffe-
males. The y w fdaughters (f) and (i) did not get the mutant X chromosome from their
father but had morphoses. The morphoses included (a) the absence of the left metatho-
racic leg; (b) shortened right wing; (c) altered tergite pattern from the left side; (d) altered
shape of the right wing; (e) absent tarsus in the right metathoracic leg and changed shape
of this leg; (f) altered wing shape and structure; (g) reduction of the left thorax and left
wing; (h) left wing replaced with two appendages; (i) reduction of the left wing; (j) mye-
loma of the right arista in the lower male; (k) shortened and deformed tibia of the meta-
thoracic legs in males; and (1) impaired wing veining [22].
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Figure 5. Morphoses in the offspring of conditional mutants. II. Parental effect of a ma-
ternal type. Conditional mutation was in the X chromosome (+) of a +/In(1) Muller-5, B
w female. The daughters /n(1) Muller-5, B w#/ In(1) Muller-5, and B w* and sons In(1) Muller-5,
B w” with a B w* phenotype (bar-shaped apricot eyes) did not receive the X chromosome
with conditional mutation from their mother but formed the following morphoses: (a)
wings of different lengths with bubbles; (b) narrowed wing, impaired veining, and a bub-
ble; (c) opaque wings of various shapes; (d) the right wing filled with lymph; impaired
veining; (e) asymmetric wings; (f) tissue overgrowth instead of left eye ommatidia; (g)
reduced right wing with irregular shape and a bubble; (h) absent right wing; colored tis-
sue in the thoracic base; (i) reduced wing blade from the left side; (j) absence of macro-
chaetes and microchaetes in the right side of the thorax; (k) deformed femur of the right
mesothoracic leg; and (1) sickle-shaped right wing [22].

for the marker of one of the maternal X chromosomes (“equational” nondisjunc-
tion). A “fading” parental effect of the mutation in ontogene on the X chromosome
nondisjunction is also observed [24]. It is worth recalling that the mutations in
Mendelian genes very rarely cause any abnormalities in meiosis and even when
this happens, manifest themselves in a homozygote (mef mutants) rather than in

heterozygote, as is the case with ontogenes.

2.5. Abnormalities of Mitotic Division in Ontogene Mutants

The abnormalities of cell division in meiosis in the mutants in ontogenes are

DOI: 10.4236/abb.2023.142004

55 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2023.142004

B. F. Chadov, N. B. Fedorova

observable mitosis as well. The aneuploids for autosomes are unnoticeable in
somatic cells because such cells fail to survive; however, the aneuploidy for sex
chromosomes is recognizable. A loss of one X chromosome in a female XX set
gives a somatic cell of a male X0 type [25] and formation of a mosaic spot of
these cells. Mutants in ontogenes and their progenies frequently developed mo-
saic spots of the X0 type. They gave themselves away by manifestation of a reces-
sive mutation in the X chromosome, which was unnoticeable in the XX cells be-
cause of heterozygosity (Figure 6(c), Figure 6(f), Figure 6(g), and Figure 6(i).
In the case if the loss of the X chromosome took place early (first cleavages of the
zygote), the mosaic spot occupied up to half of the fly ectoderm and acquired a
male phenotype, ie., gynandromorph (Figure 6(a), Figure 6(b), Figure 6(d),
Figure 6(e), and Figure 6(h)).

Thus, we have briefed above the five unique manifestations of ontogenes: 1)
emergence of morphoses; 2) asymmetry in the development of morphoses; 3)
parental inheritance of morphoses; 4) meiotic abnormalities in the mutants in
ontogenes; and 5) mitotic abnormalities in the mutants in ontogenes. The first
three manifestations are related to morphogenesis and the last two, to cell divi-
sion. Not a single manifestation of the list is observable for Mendelian mutations
although many of them are typical defects of morphogenesis.

The contrast in the symmetry helps to understand the cause underlying the
unique manifestations of ontogenes: the asymmetry of defects is present in on-
tomutants and is absent in Mendelian mutations. A bilateral asymmetry of

Figure 6. Mosaics in strains with conditional mutations: (a) the left half of the abdomen
is gray the right half, yellow; (b) sex comb is present only on the right front leg; (c) eyes of
different colors in the offspring of a w*/+ female; (d) colorless left half of last tergites; (e)
left half of the abdomen of a female type color and, right, of a male type; (f) different
shapes of eyes in the offspring of a B/+ female; (g) as spot of red ommatidia on the back-
ground of white ommatidia; (h) yellow left wing and part of the thorax of a gray fly; and
(i) right half of the thorax and scutellum are hairless and have no bristles [20].
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morphoses is actually the difference in the number of cells forming the altered
structure on the left and on the right. The absence of asymmetry is the absence
of the difference in the number of cells. Thus, these are ontogenes that deter-
mine the ratio of the cells on the left and on the right, whereas Mendelian genes
have nothing to do with it; that is, ontogenes control the process of cell multip-
lication, whereas Mendelian genes do not. As is known, Mendelian genes code
for the synthesis of proteins. Correspondingly, the morphological defects in the
mutants in Mendelian genes are determined by proteins, whereas in the mutants
in ontogenes, by cells [16].

The linkage of ontogenes to cell division and of Mendelian genes to protein
production explains all above considered differences between Mendelian genes
and ontogenes. As is known, Mendelian genes are inactive in germ line tissue.
Assuming that ontogenes are on the contrary active in germ line tissue, it be-
comes clear why the Mendelian mutations strictly follow the Mendelian rules in
their inheritance, whereas morphoses are inherited according to a parental type.
Next, it is known that the Mendelian genes are inactive during the process of cell
division. Assuming that the ontogenes are active during the cell division, it be-
comes clear why Mendelian mutations do not interfere with meiosis and mitosis
(except for homozygous mei-mutants), whereas mutations in ontogenes (even in
a heterozygote) interfere with these processes. Thus, the overall set of peculiar
manifestations of ontomutations complying with one another suggests that on-
togenes control the process of cell division leading to formation of cell ensem-
bles. This is the key difference between ontogenes and Mendelian genes, in-
volved in protein synthesis.

The inference on the controlling role of ontogenes does not “discover Ameri-
ca” in either the reason of cell being or the theoretical necessity in the genetic
control of cell. The important point is that the presence of the control is accom-
panied by the description of a novel and quite real mechanism underlying this
control. Until recently, only a protein-coding gene could pretend to act as a ge-
netic controller since no other kinds of genes were known. The variants of such
control in the form of regulatory proteins, “organizers”, and even predecessor
structures have been proposed [18]. However, they have not received any expe-
rimental confirmation. As a result, the question on the existence of the process
of cellular construction with its own regulation remained twisting in the wind:
not proved but still possible. The conclusion on the control with the help of new
type genes (ontogenes) removes this uncertainty to a considerable degree by
virtue of its concreteness.

The described data suggest that ontogenes are the particular genes that control
the generation of shape and create the body plan of an organism. They are re-
sponsible for initiation of cell division, the number of divisions, and the mutual
arrangement of cells in a cell agglomeration. These processes determine a par-
ticular structure of a living organism constructed of a certain number of specifi-
cally arranged cells and the overall organism. The method used to construct the

shape is the control of cell division. As for Mendelian genes, their role reduces to
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coordination of the protein synthesis in the groups of cells arranged by onto-

genes [16].

3. Cellular Construction and Problems in Biology

The inference on a special genetic controls over cellular construction means that
a separate area exists in developmental biology (ontogenesis) and biology in
general, particularly, the “cellular construction”. Genetics, earlier operating only
with the protein-coding genes, confined itself to consideration of a protein-based
side in biological processes omitting the other processes and their genetic con-
trol. In this section, we will consider separate biological problems from a new
standpoint, namely, in terms of cellular construction. The amount of currently
available information about ontogenes makes it possible to propose the solutions
for several earlier formulated problems. In addition, the very fact of reached so-
lutions is an additional argument favoring the presence of special category of

genes, ontogenes, in the genome.

3.1. Biological Character

A genetic interpretation of the concept of “biological character” in the literature
is contradictory. A “normal character” or the “norm” is regarded as an alterna-
tive to a mutant character. In the case of a monogenic character, the norm
should logically be monogenic as well; however, it is not and cannot be. Norm is
formed in the process of ontogenesis and, correspondingly, is the result of activ-
ity of many genes. As a tradeoff, it is considered that there are no “genuine”
monogenic characters [26]. In this case, it is unclear how to deal with the no-
tions of monogenic character, polygenic character, monogenic cross, and so on
still used in the literature.

The concept of ontogene makes the concept of “biological character” less con-
troversial and more distinct. A biological character is a part of a living organism;
the part consists of proteins and cells; the proteins are controlled by Mendelian
genes and the cells, by ontogenes. Each biological trait is polygenic since it is
controlled by at least two genes: one coding for protein and the other for cell
structure. There are and can be no monogenic character at all; however, there
can be a multitude of monogenic variants of a character. A monogenic variant
emerges as a result of a change in one of the genes responsible for the character.
The existence of viable variants of a character resulting from a change in the
corresponding single protein-coding gene makes it possible to perform crosses,
which can be reasonably referred to as monohybrid ones. The presence of viable
variants in nature allowed Mendel to discover the existence of factors, i.e., dis-
crete units of heredity.

The concept of biological character used in the current literature corresponds
to formally logical definition of the character. According to this definition, the
character is not a component of an organism, as is proposed above, but rather
denotes the similarity or difference between objects [27]. In this case, the va-

riants of characters (eye color or wing shape) may be regarded as characters
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(which is commonly done), for example, white eye color or obliquely cut wings
(briefly, white or obliquely cuf), resulting from a monogenic defect of protein-
coding genes. Reckoning the variants of characters as characters leads to contra-
dictions. One of these contradictions is mentioned at the beginning of this sec-
tion. The current definition of the so-called “quantitative traits” contains even
more contradictions [26].

Commencing the clarification of the genetic structure of a particular mutant
phenotype now (that is, after the discovery of ontogenes), it is necessary to
clearly understand that 1) any of the biological characters is polygenic but 2) a
particular phenotype may result from a mutational change of one or several
genes responsible for the character; however, 3) these genes may be both Mende-
lian protein-coding genes and ontogenes. 4) The variants of traits caused by
monogenic defects of Mendelian genes will be inherited in a different manner as
compared with the variants of the traits caused by the monogenic defects of on-
togenes. 5) The same is true for the polygenic defects in Mendelian genes and
ontogenes. Finally, 6) the cases of a combined damage of Mendelian genes and

ontogenes are also possible and are the most intricate for their classification.

3.2. Interspecific Isolation and the Syndrome of Interspecific
Incompatibility

The individuals of the same species can cross and give fertile progeny, whereas
the individuals belonging to different species are unable to do it. It has long been
clear that the nature of interspecific isolation is of a genetic nature; however, it is
unclear in what it consists. Representatives of the same species may dramatically
differ in the phenotypes but without any consequences for hybridization. On the
other hand, the representatives of different species indistinguishable in their ap-
pearance emerge to be absolutely sterile when crossed. The insight into condi-
tional mutations clarifies the nature of species isolation: this is determined by
the difference between species in their sets of ontogenes in the genomes [14].

The conditional mutations in drosophila were selected using the test for con-
ditional dominant lethality [5] [6] [7] [8]. The studies of mutants have also
demonstrated that they display 1) a high level of sterility in different crosses; 2)
parental pattern of inheritance; 3) formation of monstrosities and mosaics in
their offsprings; and 4) dramatic abnormalities of meiosis. The set of listed ab-
normalities is rather specific. These abnormalities are absent in the Mendelian
mutations but ideally fit the set of abnormalities characteristic of distant hybri-
dization. It is logical to regard the syndrome of interspecific incompatibility to
result from heterozygosity in ontogenes; moreover, this syndrome appears even
in the case of heterozygosity in one ontogene. The heterozygosity even involving
a large number of Mendelian protein-coding genes does not lead to any incom-
patibility [14] [15].

The linkage of the function of cell division control to ontogenes makes the
cause underlying the interspecific isolation ever clearer. The ontogenes form the

particular background for the unique program of ontogenesis of the individuals
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belonging to the same species. The uniqueness here means the absence of the va-
riants and homozygosity in the constituent ontogenes in all representatives of
the species. The joining of two different programs (heterozygosity according to
the program of ontogenesis) blocks the development or makes a normal meijosis

unfeasible. This issue will be further discussed in the sections below.

3.3. Ontogenesis

The consecutive triggering of genes in individual development intrigues genetic-
ists for a long time yet the challenge remains unresolved. It is now clear why: the
key genes controlling ontogenesis remained beyond the consideration of re-
searchers. These omitted genes are ontogenes. Until recently, they tried to re-
construct the mechanism of ontogenesis involving only protein-coding genes.

The studies by Jacob and Monod on the regulatory genes in microorganisms
[28] suggested that the program of individual development in multicellular or-
ganisms consisted of the Mendelian genes switched on by regulator genes, also
belonging to protein-coding genes. Thus, the program of ontogenesis is com-
posed of protein-coding genes alone. This hypothesis have not been experimen-
tally confirmed, and, indeed, could not. There are also some theoretical objec-
tions. They should be kept in mind because they highlight the specificity of on-
togenesis. First, the regulator cannot be a protein since it will need another pro-
tein regulator and so on ad infinitum [29]. Second, both a protein and the Men-
delian gene coding for the protein admit the existence of viable variants, which is
inadmissible for the program of individual development of a species level, which
is conserved to the highest degree.

The above listed requirements are an insurmountable barrier for the pro-
tein-coding genes as the main regulators but do not present any hindrance to
ontogenes. First, ontogenes do not need any regulators. Second, ontogenes are
protected from mutations since the variants of ontogenes formed via a DNA
mutation are eliminated in the zygote (see Section 3.4). Find below some addi-
tional problems in individual development resolvable with the help of onto-

genes.

3.4. Growth of Cell Population and Its Functional Differentiation

The mutations in ontogenes, used in our work, can be combined with known
mutations in Mendelian genes to observe how the morphological changes re-
sulting from morphoses go together with the phenotypic manifestations of a
known Mendelian mutation [14]. The phenotypes of resulting compounds sug-
gest that the ontogenes responsible for formation of a particular structure (and
its change in the case of a morphosis) control the switch-on of a certain set of
Mendelian genes, namely, the particular Mendelian genes that create this struc-
ture in the norm [14] (and their phenotypic manifestation). It turns out that on-
togenes initiate cell division and this division is the trigger for switching on of a
set of Mendelian genes [14] [30]. The event of triggering (regulation) of pro-

tein-coding genes is combined with the event of cell morphogenesis (an increase

DOI: 10.4236/abb.2023.142004

60 Advances in Bioscience and Biotechnology


https://doi.org/10.4236/abb.2023.142004

B. F. Chadov, N. B. Fedorova

in the number of cells). It is important that the protein-coding genes are acti-

vated without involvement of any protein.

3.5. Formation of Three-Dimensional Structures in
Three-Dimensional Space

The incorporation of the event of cell division into the program of ontogenesis
as a key element of this program suggests the hypothesis on how the structural
body plan (Bauplan) of an organism is implemented. We assume that this con-
sists in the enumeration of the cell divisions starting from the zygote and deter-
mination of the spatial orientation of the plane of each subsequent division
(Figure 7). Once we have division poles A and B and division plane ECFD, the
formation of two daughter cells will enhance the expansion of cell aggregate in
an anterior-posterior direction. If we have division poles C and D and division
plane AFBE, the formation of two daughter cells will enhance the expansion of
cell aggregate in an upper-lower direction. If we have division poles E and F and
division plane ACBD, the formation of two daughter cells will enhance the ex-
pansion of cell aggregate in a lateral (left and right) directions.

The same mechanism is able to provide the growth of cell mass in one of the
two directions of the following set: forward or backward, upward or downward,
and leftward or rightward. Thus, it is now possible to explain the construction of
normal structures, both symmetric and asymmetric, as well as the emergence of
a morphosis on one body side. The parental type of development of a morphosis
unambiguously suggests that the emergence of a monstrosity is associated with
the events taking place with ontogenes in the germline during premeiosis (edit-
ing of the program of individual development), while the asymmetry of the
morphosis indicates that these events determine the spatial parameters of cellu-
lar construction, which will start upon the formation of the zygote. The question
arises on how the ontogenes manage to tag the developmental axes of living
structures to space. The section “Biophysical nature of the activity of ontogenes”
will dwell on this issue.

Initially, the genes responsible for the formation of conditional mutations
were formally named ontogenes because of the ability of these mutations to in-
duce in drosophila the abnormalities of individual development in the form of
morphoses [19] [20] [21]. By now, the involvement of ontogenes in the process
of cellular construction is shown and it is evident that this name reflects the role

of the genes belonging to this category in ontogenesis.

3.6. Phylogenesis

According to current genetics, changes in the genomes of living organisms over
historical time intervals form the background of biological evolution; however, a
particular mechanism and the logic of this process are the matter of discussion.
The discovery of ontogenes is a new contribution to this long-running discus-
sion: the properties of ontogenes allows for solutions of long-disputed issues and

for basically new hypothesis [31].
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Figure 7. The division planes of a stem cell and the growth of embryo’s inner cell mass
in three-dimensional space (see text for details).

Undoubtedly, the object of evolutionary changes is the overall genetic material
but ontogenes, controlling cells, are the chief, at least among the eukaryotes.
They are directly involved in the construction of an organism of cells and switch
on the protein-coding Mendelian genes in the cells. The key role of ontogenes in
speciation is suggested by the similarity between the manifestation of the muta-
tions in ontogenes and the syndrome of interspecific incompatibility.

Ontogenes demonstrate how with their help a nascent species is isolated from
its initial parental species. The isolation results from dominant lethality, which
appears in a heterozygote for ontogene. The experiments with mutations of on-
togenes suggest the mechanism underlying the development of isolation and its
transformation into the complete incrossability of different species. The domi-
nant lethality of ontogenes is conditional. The conditionality makes it possible to
increase the amount of genetic differences between the nascent and parental
species to the point of sterility in the crosses with an overwhelming majority of
the variants of the parental species.

An unexpected form in which dominant lethality appears is of a paramount
interest. Lethality takes place in the zygote, when the parental genomes are still
not active. Here, the so-called natural selection, declared by Charles Darwin,
steps up; however, this is not the Darwinian selection of living organisms ac-
cording to their fitness. This is a novel form of selection, namely, the selection of
genomes at the stage of zygote (zygotic selection) [32].

We cannot but emphasize the peculiarity of the mechanism underlying zygot-
ic lethality. This mechanism guarantees the selection of genomes in a maximally
economical way, as early as the stage of zygote. This selection avoids the death of
the formed organisms and, which is especially important, proves the existence of
a specific form of evolution of the genetic system not directly connected with
viability. See Chadov et al [31] [32] for a comprehensive description of the role

of ontogenes in phylogenesis.

3.7. Mutagenesis

For mutations to emerge, the gene material should be in an active state [33].
Taking into account the protein-coding genes, which are active during the pe-

riod of somatic development, all or the overwhelming majority of the formed
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mutations die together with their hosts without being transmitted to progenies.
A natural question comes up on the place and time when mutations, forming the
basis of evolution of the living, are formed.

The experiments with the mutations of ontogenes directly suggest the source
of mutations: this is the active DNA in the germline. The parental inheritance of
the manifestation of conditional mutations indicates this activity [7] [8] [14]
[22] [24] [34]. The parental type of inheritance (in its broad sense) becomes
feasible if a gene is active before meiosis and generates the gene product that
loses the connection with the gene that produced it [34]. Thanks to ontogenes,
the gene material in the germline gets the status of “active”. The earlier discov-
ered phenomena, such as transposition of mobile elements [35] [36] [37], hybrid
dysgenesis [36], epigenetic inheritance [38] [39], and genome editing [40], are in
full compliance with this status. All these phenomena are associated with genetic
material in the germline.

In general, the above data demonstrate an important role of the ontogenes in
fundamental biological processes: ontogenesis, phylogenesis, and mutagenesis.
This role is determined by the ability of ontogene to control cellular construc-
tion via influencing the process of cell division. Before the ontogenes were dis-
covered, many of the most important questions related to fundamental biologi-
cal problems remained beyond the focus of active research. The “explanations”
utilizing ontogenes have also another important meaning since they implicitly
confirm that genetic material has another genetic function along with the con-

trol of protein synthesis, namely, the control of cellular construction.

4. Some Specific Features in the Manifestation of Ontogenes

The ability of ontogenes to control cellular construction distinctly distinguishes
them from the Mendelian genes, involved in the construction of proteins. It is
reasonable to expect that ontogenes and Mendelian genes will also differ in their
work style. Experimental data confirm this assumption: the ontogenes 1) interact
with their own kind in a remote manner; 2) are active in a compact state; and 3)
manifest the so-called paradox of homologous pairing. The classical genetics,

operating with Mendelian genes has not encountered such specific features.

4.1. Remote Interaction

Two variants of remote interaction have been discovered. The first one was ob-
served when studying the nondisjunction of chromosomes in the meiosis of on-
tomutants [24]. The phenomenon of meijotic nondisjunction of drosophila chro-
mosomes is long known [41] [42] and well studied [43] [44]. The frequency of
nondisjunction increases in the genomes with chromosome rearrangements and
additional chromosomes [41] [45] but the point Mendelian mutations in hete-
rozygous state do not increase the nondisjunction frequency [46]. It has quite
unexpectedly emerged that mutations in ontogenes induce a superhigh frequen-

cy of the X chromosome nondisjunction in the meiosis of female flies [2]. The
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high rate of chromosome nondisjunction is the phenomenon most likely cha-
racteristic of any ontomutation [24].

It is commonly believed that the nondisjunction of homologous chromosomes
results from an independent orientation of homologs relative to the poles caused
by the absence of pairing [45] [47]. If so, a high nondisjunction frequency in
ontomutants means that 1) ontomutations decrease the ability to pair and 2)
ontogenes are responsible for pairing. In other words, a normal interaction be-
tween the ontogenes residing in homologous chromosomes draws the homologs
together in meiosis (guaranteeing a normal pairing), whereas the interaction
damaged by the presence of a mutation fails to provide their approaching (pair-
ing). In this process, it is important that this refers to the remote interaction of
ontogenes, that is, in the absence of their physical contact.

In the presence of inversions and translocations in heterozygote, unconven-
tional meiotic figures—loops and crosses—are observed [48] [49]. They suggest
that gene (ontogene) interaction brings homologs together in an individual
manner. The genetic data on crossing over in the chromosome rearrangements,
dating back to the period of classical genetics (attraction-repulsion hypothesis)
confirm the conclusion that the meiotic pairing of homologs is an integrated ef-
fect of the interaction of homologous genes [50] [51].

Similar to Mendelian genes, ontogenes are nucleotide sequences within DNA.
They can be identical (homologous ontogenes) and different (nonhomologous
ontogenes). Unusual meiotic figures in the presence of rearrangements suggest
that the pairing of homologous chromosomes in meiosis is the result of interaction
of homologous ontogenes. Since the homologs before the meiotic pairing reside at
a distance from one another, the fact of successful pairing is the proof of a rea/
physical interaction between the homologous ontogenes separated by a distance.

The second variant of the remote interaction between homologous ontogenes
was discovered when studying the effect of maternal genome on a lethal manife-
station of an ontomutation in the father [52]. In the cross between yellow fe-
males with the males carrying an ontomutation in the X chromosome, part of
the laid eggs do not develop and the other part develops into males. Both facts
taken together suggest that the Jaid eggs are fertilized but the development of
female progenies is blocked. If a yellow female is replaced with a female of
another genotype, the daughters of the mutant male are formed.

The undeveloped eggs of yellow females retain white color [22] [23] as if they
were not fertilized. Although the fertilization took place, neither synkaryon nor
blastomeres are formed. Otherwise, the dead embryos would color the egg
brown as is the case with developing aneuploid embryos. The arrest of develop-
ment in this case is explainable with only the blocking of mutual approach of the
female and male pronuclei. We believe that the homologous ontogenes in the
parental genomes being in one cell (zygote) interact with one another. A normal
interaction makes the pronuclei to move towards one another and fuse. As for

the interaction disturbed by a mutation, it fails to induce the approaching
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movement and no fusion occurs, thereby leading to an early death of the zygote

[14] [53]. See section 3.4 for the biological significance of this process.

4.2. Activity within Heterochromatin

The chromosome material in a dividing meiocyte is in a compacted state. Con-
sequently, the ontogenes that initiate the pairing of homologs are active although
being themselves in a compacted state. The interaction of ontogenes in the zy-
gote after fertilization, mentioned above, also suggest the activity of ontogenes
when being compacted. As is known, the chromosomes in gametes are also
highly compacted. This demonstrates that the chromosome material displays ac-
tivity not only being uncoiled (Mendelian protein-coding genes during protein
synthesis) but in a coiled state as well (ontogenes).

The discovered maternal effect of ontomutations on chromosome nondis-
junction [24] provides the important information about the compaction of on-
togene’s DNA. This effect suggests that the possibility of influencing meiosis and
the degree of this effect are formed during the maturation of a gamete in the pa-
rental germline. The compaction of ontogene, predetermined as early as the
premeiosis of the parent, is implemented in the meiosis of a progeny. Thus, the
compaction of ontogene’s DNA is a regulated property and can be seen as a
component of DNA editing, going on in the premeiotic cell on a regular basis.

The inference on the activity of ontogenes in a compacted state brings us to
the issue of the functional activity of heterochromatin in eukaryotic genome.
The fact of activity of compacted regions explains a high abundance of hete-
rochromatic regions in the genome. The total share of heterochromatin in the
drosophila karyotype is 33% [54]. The activity of compacted ontogenes explains
numerous facts of how heterochromatin influences the chromosome distribu-
tion in meiosis [43] [54]-[60], of gene position effect [61], and of the possible
role of ontogenes as a universal regulator of gene activity [62]. If the activity of
compacted regions is exclusively ascribed to ontogenes, the inconsistency of the
statement on inactivity of compacted (heterochromatic) regions is resolved [63].
Indeed, the inactivity of Mendelian protein-coding genes in a compacted state

does not exclude the activity of compacted ontogenes.

4.3. Paradox of Homologous Pairing

The conclusion that the approaching of homologs in meiosis is caused by the at-
traction of homologous ontogenes suggests considering in more detail the pair-
ing of homologs with one of them carrying an inversion (Figure 8). By the mo-
ment when homologous ontogenes (A-A, B-B, and C-C) start to approach, their
sequences are inverted; nonetheless, the approach occurs, as is demonstrated by
loop formation. Actually, the homologous sequences turned by 180° relative to
each other are nonhomologous. The arrangement of nucleotides in these se-
quences is in no way different from that in the sequences referred to as nonho-
mologous. The paradox consists in that two actually nonhomologous sequences

approach each other as is takes place with homologous sequences [64].
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Figure 8. Juxtaposition of homologous ontogenes in a heterozygote
for a chromosome inversion. Two homologous chromosomes be-
fore pairing. The field of vision contains a segment of the chromo-
somes containing nucleotides from 1 to 15. The segment is inverted
in the lower homolog. Each homolog contains three ontogenes: A (1
-4), B (7 - 10), and C (13 - 15). Arrows show the directions of at-
traction of homologous ontogenes for a bivalent to be formed [64].

This paradox has no solution for the pairing of Mendelian genes since the fact
that the interaction of actually nonhomologous nucleotides is admitted cancels
the general principle of genetic coding based on the order of nucleotides. How-
ever, the solution exists for the case of approaching determined by ontogenes:
the ontogenes are the source of a factor that acts regardless of the spatial position
of the sequence. Because of this factor, two ontogenes with the same sequence
act in meiosis as homologous independently of their mutual arrangement in the
space of cell before the beginning of meiotic pairing [64].

The proposed solution asserts that the ontogenes possess an activity that
propagates in space in all three directions. We postulate that the ontogene is able
generate a physical field, which is 1) specific and depends on the composition of
the nucleotide sequence of the ontogene; 2) guarantees the remote interaction of
ontogenes; 3) is a prerequisite for approaching of homologs; and 4) allows for

the interaction of sequences independently of their orientation in the field.

5. Biophysical Nature of the Activity of Ontogenes

The results of our work with mutations of ontogenes, starting from the method
used for their generation and selection, demonstrates that the ontogenes are the
regions of DNA molecule with the properties typical of DNA nucleotide se-
quence, namely, the capability of carrying, transferring, multiplying, mutating,
and so on. However, the ontogenes fundamentally differ from the Mendelian
genes by that they control cellular construction and activate Mendelian genes
without employing protein synthesis. The function of ontogenes is unique be-
cause of 1) their capability of remote interaction; 2) pairing paradox; and 3) the
activity displayed by ontogene’s DNA in a compacted state. These three specific
features are logically interconnected and all three suggest that the ontogenes
function in a basically different manner despite their chemical kinship with
Mendelian genes.

According to the current understanding, the living organism is a chemical
reactor containing chemical compounds in a state of chemical interactions. The
properties of ontogenes listed above misfit the chemical style of work. The

chemical interaction of genes requires their contact; however, the ontogenes, on
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the contrary, interact at a distance. The chemical contact is a nucleotide-wise
alignment of sequences; however, homologous ontogenes do not need this. The
chemical interaction of genes demands the DNA sequences to be linear, whereas
ontogenes, on the contrary, display their activity with their homologous sequences
tightly compacted.

The remote interaction independent of the mutual arrangement of nucleotide
sequences in space directly suggests that this interaction is provided in a physical
rather than a chemical manner, namely, via the induction of a physical field, say an
electromagnetic one. A compacted state, characteristic of active ontogenes ac-
cording to our data, perfectly agrees with the hypothesized electromagnetic nature
of the interaction. Moreover, the construction of a three-dimensional structure,
which a multicellular organism is, demands a spatial orientation in the process of
addition of new cells, which is impossible without a spatially oriented external field
and the genetic elements able to link them to the three-dimensional spatial posi-
tion. The hypothesis that ontogenes generate a physical field theoretically looks
necessary and experimentally looks substantiated. Thus, the challenge related to
the novel genes—ontogenes—being initially genetic, moves out to the area of
biophysics.

The hypothesis of DNA magnetic properties was first formulated in the expe-
rimental works by Blyumenfel’d as early as 1959 [65]. When studying the elec-
trical conductivity of DNA, researchers discovered that the stacks of DNA bases
are good conductors. They display the properties of semiconductors and are able
to transfer both holes and electrons [66]. The formation of chemical bonds of a
certain type referred to as resonance bonds (benzene molecule is an example)
creates a specific situation when some electrons become delocalized and thus
able to freely travel across the entire molecule. The delocalized pi-electrons or
delocalized protons of hydrogen bonds in DNA are able to migrate so that a
stack of nucleotide bases acquires the properties of an isolated conductor [67],
while the DNA strand on nucleosomes becomes an inductance coil generating
magnetic field. Myakishev-Rempel et al. [68] [69] [70] believe that several nuc-
leosomes with a DNA region become an oscillatory circuit that forms an oscil-
lating magnetic field. The DNA regions that form the oscillating magnetic field
are able to induce the oscillation of the DNA regions similar or close in their

molecular structure.

6. Conclusions

The research into the control of cellular construction by ontogenes is at the very
beginning of its experimental development; however, the theoretical consequences
of the very fact that this control is revealed are already evident. The concept of a
genetic trait is changing. From “planar” it becomes “three-dimensional”. Another
“cellular” dimension is added to the “protein” dimension of the trait. Even when
a genetic mutation that alters the corresponding protein is considered, the genes

responsible for formation of the cells containing this protein are present on the
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background. Thus, we have to take into account as an indisputable fact that the
manifestation of a protein-coding gene is determined not only by the gene itself,
but also by the cell ensemble produced by ontogenes. Correspondingly, the per-
ception of a trait in terms of three dimensions allows its transformations in on-
togenesis and phylogenesis to be traced.

In current biology, the living is regarded as the derivative of DNA. The popu-
lar genetic concept implies that the living is the protein and the protein is the
product of protein-coding genes. The discovery of the role of ontogenes in cel-
lular construction requires that the concept is changed. The control of cell does
not mean its de novo construction as in the case of protein: a/though ontogenes
control the construction of the structures formed of cells, they neither generate
cells nor determine their ability to divide. Unlike a protein molecule, cell is the
product of division of a pre-existing cell rather than a derivative of DNA. Similar
to DNA molecule, cell is an elementary structure of the living. The popular for-
mula “DNA - the living” is incomplete; the complete variant is “cell + DNA -
the living”.

We propose to keep in mind that the two objects, protein and cell, are under
genetic control rather than one object, protein, alone. The cell-based organiza-
tion determines the specific features of a living organism and, along with the in-
formational DNA, creates the organisms with different degrees of complexity.
The cell envelope allows for autonomous energetics of both the cell and the
overall organism. One of the amazing manifestations of ontomutations is the
change in the level of basal metabolism. The locomotor activity of individuals
changes as well [71]. The insight into cellular construction with the help of mu-
tations in ontogenes for the first time offers the opportunity to study the energy
aspect of vital activities [72].

The current biology regards a living organism as a chemical reactor, and ge-
netics also considers the genetic function as exclusively chemical processes. The
performed study of the genetic control of cellular construction demonstrates the
existence of a physical control (with the help of a field). Cells are elementary
bricks of which three-dimensional organisms are constructed. Ontogenes are the
carriers of the program used in this construction. They are intended for the con-
struction in a three-dimensional space and can manage this task only if they
have spatial awareness, that is, are able to induce a physical field and respond to
the physical field. The conclusion on the existence of a biological field induced
by certain DNA regions—ontogenes—is inevitable. The current genetics de-
monstrates how great and diverse the world of DNA chemical interactions is but
just imagine how the significance of DNA will increase with the information
about its functioning with the help of a physical field.

The discovery of the role of ontogenes in the control of cellular construction
makes conceptually complete the general idea about the gene control in the liv-
ing organism. The objects of genetic control are not only the renewable proteins,

but also the cells housing them as well as the material that perform this control.
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