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Abstract-Nowadays genes are claimed to explain almost everything that is somehow or another connected with
manifestations of the biological life on the Earth, including evolution. It is now clear, however, that major incongruities exist
and that there is only a weak relationship between biological complexity and the number of protein coding genes. The
genome can be divided into two main sections, the coding (genes) and non coding portions. Non coding DNAs have been
considered as non-functional DNA by many authors. And to determine which of them is the most important in evolution
based on the input of genes and non coding DNAs into the origin of the basic forms of life and its diversity. Information about
non coding DNAs as the main evolving component of the genome is presented. It is supposed that evolution has not
stopped on DNA, which is transcribed into RNA which in turn is translated into proteins.
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Introduction

The statement that sensible judgment on evolution is
impossible until laws of heredity are not elucidated
contradicts to the facts. It is generally admitted that
Darwin’s theory of evolution was mostly true; however
his genetic theory was extremely erroneous. On the
contrary, early Mendelists who, properly speaking, were
first biologists (except Mendel himself) and were on the
right positions in genetics explained almost all
evolutionary phenomena in the wrong way [1].

According to Modern Synthesis the speciation is the
central problem of the evolution issue in general and the
gene is its sole source. However such gene-centric
approach could not give an answer for, as they thought,
central question of evolution — speciation. Thus for
example Lewontin [2] writes: ‘It is an irony of evolutionary
genetics that, although it is a fusion of Mendelism and
Darwinism, it has made no direct contribution to what
Darwin obviously saw as the fundamental problem: the
origin of species’. Moreover, geneticists not only failed to
produce new species, they even could not find at least
one case when any new species appeared only due to
gene mutation.

Protests against the gene as the sole basis of heredity
and evolution have paralleled the development of
genetics from its inception. They have continued into the
twenty-first century against the centrality on the gene. It
had been recognized since the early 1970s that
eukaryote contained huge regions of nucleotide
sequences that do not code proteins or RNA — so called
junk DNA. Today, it is estimated that more than 98
percent of human DNA is made up of such non coding
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sequences — although the adaptive value of junk DNA is
still debated. Decoding the human genome has turned
out to be more complicated than had been expected. The
human genome was 200 times larger (in the sense of the
number of nucleotide sequences) than baker's yeast, but
200 times smaller than amoebae (see [3)).

One of creators of modern synthesis Mayr [1] admitted
that there were questions on which they could not reach
an agreement. ways of adaptation, evolution
mechanisms of higher and lower organisms, origin of
sex. To our opinion it is not full list of questions which are
still waiting for due consideration by neo-Darwinians. To
this list should be added the origin of eukaryotic cells,
nucleosomes,  chromatin, mitotic  chromosomes,
chromosome bands, chromosomal heterochromatic
regions, sex, multicellularity, differentiation of somatic
cells, temperature regulation, homoeothermic organisms,
human being and his adaptation to climate distinct from
East Africa and many other issues. There are numerous
other phenomena that have not received satisfactory
explanation in the framework of modern synthesis.

If not genes then what? There are some reasons to
believe that out of known to science DNA types only non
coding DNAs could meet the above mentioned problems.

What is a non coding DNA?

Function of DNA has been associated mainly with the
coding process, i.e. DNA which is transcribed into RNA
which in turn is translated into proteins. Non coding
DNAs (ncDNAs) have been considered as non-
functional DNA by many authors. The genome can be
divided into two main sections, the coding and non
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coding portions. The coding section of the genome is
generally what we talk about when we refer to genes.
Genes and their products (proteins) are big, and easy to
study. Therefore, they have garnered almost all of the
scientific attention.

The technology to study non coding sequences is just
now coming of age. Meanwhile it is clear that the greater
the relative amount of ncDNAs an organism has the
more complex it is. A correlation doesn't mean very
much without data to support it. Genes make up only 2%
of the genome, leaving over 98% of our genome which
has been labeled as ‘junk’. About 95% of haploid
genomes in multicellular eukaryotes have been widely
considered as a ‘junk’.

Usually by ncDNAs mean introns, spacer DNA, potential
genes, pseudogenes, DNA satellites and chromosomal
heterochromatic regions.

Out of all known derivatives of ncDNAs only
chromosomal heterochromatic regions (HRs) discovered
as far back as in 20s of XX century [4] are well studied.
The eukaryotic chromosomes contain two distinct types
of chromatin: euchromatin and heterochromatin.
Euchromatin  contains genes and other unique
sequences. Heterochromatin encompasses a smaller
proportion of the chromosome, and is enriched in non
coding, highly repetitive sequences. At present we have
extensive information concerning features of organization
and properties of chromosomal HRs. The best-known
features of HRs are: (1) HRs are evolutionarily fixed in
genome of all higher eukaryotes, (2) HRs are in a
condensed condition during the whole of a cell cycle, (3)
they are organized, as a rule, from short, non
transcribed, tandemly joined sequences, (4) HRs are
located in centric and telomere chromosomal domains,
as well as in regions forming nucleolus-organizing
regions (NORs), (5) HRs are replicated at the end of the
S period of a cell cycle, and (6) wide interspecific and
intraspecific variability on the quantitative contents.
Speaking about properties of HRs the following is usually
meant: (1) heteropycnosis as morphological expression
of dense packing, (2) ectopic conjugation of HRs
between homologous and inhomologous chromosomes
in an interphase nucleus, (3) high frequency of breakage
in domains with HRs or on a border of them by
euchromatin regions, and (4) genetic inertness.

Why ncDNAs?

First of all because DNA is more plastic than was
previously expected [5]. First of all they are capable of
creation of higher forms of DNA organization. For
example, highly repetitive regions of chromosomes
adopt a heterochromatic chromatin structure, with
distinctive properties and chromatin components [6]. At
present we have extensive information concerning the
features of organization and properties of chromosomal
heterochromatic regions (for details see [7-11].

There is much evidence to show that the eukaryote
genome is an epigenetic machine, besides being a
genetic one [12]. Thus repeat sequences in euchromatin
can lead to heterochromatinization.
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Heterochromatinization can lead to position effect
variegation (PEV). Constitutive heterochromatin induces
PEV in euchromatic genes brought into contact with it by
transposition [13-15]. This ability of constitutive
heterochromatin can be extended to tandem repeats
located within regions defined as euchromatin [16]. In
this version of PEV, local ‘heterochromatinization’ can
occur in the absence of any transposition. Sapienza [17]
already pointed to an intimate relation between
imprinting, heterochromatinization and PEV. Sequence
repeats in euchromatin pair with constitutive
heterochromatin through DNA looping. Thanks to DNA
looping, repeat sequences in euchromatin join and pair
with constitutive heterochromatin, even at considerable
distances [18]. A gene's distance from stable
heterochromatin affects of variegation [18,19]. Thus, an
additional avenue for the evolution of gene regulation is
provided through the introduction or loss of repetitive
sequences. Of direct relevance here are the existence of
different  nuclear  compartments, namely, the
chromosomal territories and interchromatin
compartments [20,21], and the fact that transcription and
other processes occur in specialized and localized
multiple ‘factories’, in each of which a particular type of
RNA polymerase is bound to the nuclear matrix [22] (for
details see [12]).

Nobody challenges the role of ncDNAs in formation of
nucleosomas and chromatin. At the present time
extensively are discussed that nucleus of eukaryotic
cells, nucleosomes, chromatin, mitotic chromosomes,
chromosome  bands, heterochromatin  regions,
multicellularity, differentiation of somatic cells, sex,
thermoregulation, adaptation, and also human being's
naked skin and large neocortex result mainly from the
evolution of ncDNAs [11,23-29].

It is difficult to imagine, that e.g. mitotic chromosomes,
mono- and multicellular  eukaryotes or higher
vertebrates appeared resulting from prior forms of life
accumulating great number of new genes. The share of
coding DNA in the body of the mitotic chromosomes
testifies to that. ‘Each of us has roughly 30,000 genes,
far fewer than the 100,000 that most researchers had
expected. This is somewhat puzzling as some plants
have 26,000 genes; clearly it is not merely the number
of genes that determines the complexity of an organism’
[30].

While paleontologists referred to ‘the Cambrian
explosion’, those who studied cellular organization
insisted that the real ‘big bang’ of biology occurred at
least 1.8 billion years earlier when the eukaryote arose.
With its membrane-bound nucleus and all the associated
features, such as mitosis, and multiple chromosomes to
package up to tens of thousands of genes per cell, it
provided the organismic conditions for the differentiation
of tissues, organs, and organ systems of plants and
animals. Bacteria had only an unpackaged single strand
of DNA, holding some four thousand genes. In this
connection Mayr [100] insisted that ‘all archaebacteria
are nearly indistinguishable’; even if one took
prokaryotes as a whole, he argued, the group ‘does not
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reach anywhere the size and diversity of eukaryotes'.
Microbial phylogenists had so far described only about
200 archaebacterial species and only 10,000 eubacterial
species, whereas Mayr suspected that within eukaryotes
there were more than 30 million species. There were
10,000 species of birds alone, and of course hundreds
of thousands of species of insects [100].

According to modern synthesis, rapid evolution is
brought about by three main factors: high mutation rate;
a short interval between generations; and large
populations. Bacteria satisfy these factors but have
remained rather stable in evolution. Prokaryotes have
almost not changed for the last 2-2.5 billion years of
history of the Earth. In contemporary evolution theory
the biological species concept do not hold for the
bacteria (sensu lato), among which horizontal gene
transfer is rampant and evolution is reticulated [3]. So
far there are no examples, which prove, that any
species appeared exclusively owing to the gene
changes. For example, the primates have existed for
about 70 million years. The evolutionary studies carried
out so far seem to indicate that the euchromatic regions
of the chromosomes in the different species of primates
analyzed are quite similar [31,32]. The main differences
in these species are due to the different amounts and
localization of heterochromatin [33]. The insignificant
distinction between a human being and a chimpanzee
at the level of DNA [34] and chromosomes [35]
demonstrates, that the predominating role of structural
genes in evolution has, probably, been strongly
exaggerated. For example, the study of the amino
sequences of proteins, and of DNA-DNA hybridization,
shows that the genetic differences between the
chimpanzee and humans are less than 1.1% [34].

While a tremendous amount of variation of proteins,
enzymes, DNAs and chromosomes have been
revealed, a satisfactory explanation of the origin and
maintenance of such variation is lacking. Population
genetic theory leads to conflicting conclusions about the
forces operating on the variation, and it appears that
current theory is inadequate to cope with the data. It is
not by chance that Lewontin [2] urges that a theory
needs to be developed which takes into account the
evolution of the genome as a whole rather than the
independent evolution of each gene. Such examples
are many, therefore | would limit myself to the following
question: whether ncDNAs are related to evolution?

Whether ncDNAs are related to evolution?

Obviously for correct understanding of the history of the
development of organic forms it is necessary to clear
out the mechanisms of origin of the main biological
forms and functions on the basis of which all the cells,
tissues, organs and organisms are constructed, and
finally the overall biodiversity. Below some data are
given, testifying that, probably, ncDNAs could play
decisive role in the development of biological forms and
functions.

1. The bulk of existing data allows to suppose, that
mainly the following are related to ncDNAs: (1)

Bioinfo Publications

immobilization of chromatin fibers within so called
"chromosome territories”, but not as "spaghetti” in the
interphase nucleus; (2) large genomes, which have an
opportunity to separate in the groups of linkage
(chromosomes), and thus they can pass through the
mitotic cycle; (3) existence of chromosomes makes
possible a differential condensation, replication and
transcription both at the level of the whole chromosome
(e.g., inactivation of the second X- chromosome with
the female mammals), and their separate parts, by this
creating the prerequisites for appearing of specialized
cells, tissues, and organs; (4) both internal (repair,
recombination, rearrangement, modification, restriction)
and external (replication, transcription, packaging,
organized movement) molecular activities  of
chromosome are realized outside the cytoplasm in a
relatively isolated environment. In addition, Elgin and
Grewal [36] assume that ncDNAs play an essential role
in stable repression of large pericentric and telomeric
domains, to prohibit deleterious recombination between
repeated DNA sequences and have impact on higher-
order chromatin assembly and genome regulation.

2. After the differential staining (C-, G-, Q- and R-
techniques), the mitotic chromosomes in their length
acquire the appearance of cross-streaked structures
(bands), where the alteration of densely and weakly
stained segments are strictly individual for each
chromosome in the karyotype that allows their error-free
identification [37]. Differential staining of metaphase
chromosomes is a universal phenomenon for higher
eukaryotes. In this phenomenon constant, fundamental
elements of chromosome organization are manifested.
The dense and weakly stained chromosome segments
in the first place reflect different degrees of density of
the DNA packaging [38,39]. It has been also
established that in the G+ and Q+ bands the number of
genes is much less than in the G-, Q- or R+ bands.

The significance of the G-, Q- or R- bands in
development and evolution for higher eukaryotes
remains completely unknown. We see the biological
significance of these phenomena in selective
inactivation of genes, which are mainly necessary at
the early stages of embryogenesis with the help of the
ncDNAs. In particular, with appearance of the G+
bands these genes are inactivated until the end of
ontogenesis. The confirmation of this idea might be the
assumptions, which were expressed more than once
that the onco-genes are possibly the genes functioning
at early stages of embiyogenesis, but they may
became active after the G+ bands are damaged, or
because of some forms of chromosome
rearrangements in the somatic cells, as a result of
which they are again available for transcription
machinery — now in the differentiated cells. For
example, analysis of leukemic cells from patients with
chronic myeloid leukemia revealed that the material
from the Philadelphia (PHY) chromosome (no. 22) was
translocated to chromosome 9, not deleted [40]. Later
was shown that the 9;22 translocation results in the
movement of the ABL proto-oncogene on chromosome
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9 next to a gene called BCR on chromosome 22 [41].
This gene was discovered only because of the
translocation. The translocation results in a fusion
mRNA and a fusion protein that is larger than the ABL
protein in normal cells and his somewhat stronger
tyrosine kinase activity. Analysis of the 8;14
translocation in Burkitt’s lymphoma led to the paradigm
(supported now by analysis of translocation in other
leukemias/lymphomas) that the effect of translocation
is to move gene that is centrally involved in growth
regulation adjacent to a gene that is actively expressed
in the particular type of cell in which the translocation
occurs. These reports started a revolution in cancer
biology that continues with increasing momentum. Of
course, role of the chromosome bands in the
mentioned above is far from being exhaustive.

3. It is difficult to explain such phenomena as cell
division by the activity of the genes, as they are not
being transcribed in the metaphase chromosomes.
The ability of eukaryotic cells to delay segregation of
chromosomes until long after their duplication
distinguishes their cell cycle from that of bacteria, in
which chromosome segregation starts soon after the
initation of DNA replication. Furthermore mitotic
chromosome  condensation, without which large
genomes cannot be partitioned between daughter
cells at cell division, would not be possible if
chromosome  segregation coincided with DNA
replication. A gap between S and M phases therefore
made possible the evolution of large genomes.
Despite its importance, the mechanism by which
sister chromatids are tied together is poorly
understood. Nevertheless there is no doubt that at the
cell division, ncDNAs participates: a) in shortening
and dense packaging of the chromatin fibres for
formation of the body of the metaphase
chromosomes; b) it keeps the sister chromatids up to
the end of anaphase together; c) in repulsion of the
sister chromatids at the stage of anaphase from each
other; d) it gives chromosomes the necessary
strength and flexibility so that they can pass the
mitotic cycle (see [27]).

4. We have made a suggestion about a possible role
of ncDNAs in cellular thermoregulation. Our
hypothesis is guided by a concept of the cell
thermoregulation (CT) and the role of the
chromosomal heterochromatin regions (HRs) in the
composition of the condensed chromatin (CC) in this
process [23]. The essence of the CT is in the
following: CC, being the densest domains in a cell
apparently conducts heat between the cytoplasm and
nucleus when there is a difference in temperature
between them. The assumed heat conductivity effect
of CC is stipulated by its principal features:
condensed state during the interphase association
with the lamina and the inner nuclear membrane,
replication at the end of the S period of a cell cycle,
formation of the chromocenter, genetic inertness and
wide variability in the quantitative contents both within
and between species.

Abyt Ibraimov

The reality of the CT existence is shown at the
organism level, although we still have to demonstrate
its functioning also at the level of individual cells
Experimentally we have managed to establish, that:
a) individuals differ in populations on their body heat
conductivity (BHC); b) human BHC is effected by sex,
age and ethnic and racial origin; c) human
morphophysiological characteristics such as height,
weight, body constitution, blood pressure and pulse
rate do not influence significantly on human BHC; d)
apparently, human BHC depends mainly on the
amount of chromosomal heterochromatin in his
genome. As we suppose the level of heat conductivity
peripheral layer of CC influences the speed of heat
energy transferring inside the cells and then into
intercellular space (for details see 11,27,42,43]).

5. Probably CT is directly related to another
fundamental phenomenon. As is known, Lyon [44]
proposed the single-active X chromosome hypothesis to
explain the observation that in the mouse, females
heterozygous for X-linked for color genes are patchy
mosaics of two colors. According to the Lyon this
mechanism provides dosage compensation for X-linked
genes because each cell, male or female has only one
X-chromosome that is transcribed. This generally
accepted thesis connects the main reason of
inactivation of one X chromosome in the normal female
with possible undesirable genes' effects in case they
are in double amount in the mammal's genome.

As | conceive, the hypothesis of gene dosage
compensation may turn out to be not the only reason
for ‘lyonization'’. It is possible that in this phenomenon
the heat conductivity effect of the CC in the CT also
plays quite an important role (for details see
[11,23,24,27]. In short, the essence of our objections is
based on the following facts:

a) the inactivation of one X-chromosome in
the normal females occurs only with the mammals,
which are able to support a relatively constant core
temperature in the body;

b) the inactivation of X chromosome takes
place early in embryonic development at an estimated
1000 - to 2000- cell stage of the blastocyst or possibly
even earlier (for review see [99]). In other words, with
the formation of a multicellular embryo the problems
arise, which are connected with the intracellular
thermoregulation, and we believe that for their solution
the CC is of great importance [23,24]. As in the
karyotype of the female mammals there is lack of the
sex chromosome with a large block of HR, for example
as Y chromosome with males, then it is possible that in
the interest of the CT a considerable part of one of the
two X-chromosomes with the female embryo is
undergoing to heterochromatinization. This is proved
by the physiological data on a relatively low heat
conductivity of the female body in comparison with the
males' one [28];

c) if compensation (double) dose of genes is
an inevitable phenomenon for normal functioning of
the mammals' genome, then why the inactivation of
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genes on the homologous autosomes do not happen?
The inactivation of autosomes was not found even in
cases of trisomies;

d) ‘...the mammalian X chromosome is not
specialized for sex determination. Although a rather
large number of X-linked genes are known in
mammals, a vast majority of them have nothing
whatsoever to do with the process of sex
determination and sexual development. On the
contrary, many of the genes clearly involved in sexual
development reside in autosomes'... ‘Even the genes
for hypothalamic releasing factors of gonadotropins
are apparently on autosomes’ [45].

Therefore, | assume that X chromosome is
heterochromatized rather than inactivated to
compensate for the lack of a large block of HR in the
caryotype of females in the interests of CT [27].

6. There is a good reason to assume that the role of the
ncDNAs in the cell differentiation may be significant.
Though for the time being we do not know the concrete
mechanisms of the ncDNAs influence on the cell
differentiation, nevertheless the listed below facts justify
to their possible participation at this important stage of
development:

a) the specialized cells, tissues and organs appeared
only after appearance of the cellular nucleus, i.e. the
eukaryote organisms;

b) there are good reasons to believe that the eukaryote
cell itself is the result of a long-term evolution of the
ncDNAs [24];

c) with appearance of a nucleus isolated from the
cytoplasm, the genes in the eukaryote chromosomes
are no longer easily accessible to the transcription
machinery, as in the prokaryote cells. For this it is
necessary, somehow, to isolate the genes from the
direct influence of the inductors in the cytoplasm.
Apparently, such an isolating means is the nuclear
envelope with a thick layer of peripheral CC of cells
[27,24];

d) as a rule, the DNA of mitochondrions and
chloroplasts in eukaryotes are outside the nucleus, and
this situation, seemingly, is of an extraordinary
importance. If they were inside the nucleus, then the
energy supply of the eukaryote cells would be seriously
under the threat, as these coding DNAs may be
influenced by the condensed forms of the ncDNAs with
well-known consequences (as in case of the position
effect variegation);

€) apoptosis (programmed cell death) is peculiar only to
the eukaryotes. Seemingly, it is the consequence of
availability the ncDNAs in their nucleus genome. The
point is that: the eukaryotes have global repression
mechanisms for inactivation of genes, such as
nucleosomes and  histone-mediated  chromatin
structures [5]; in higher vertebrate genomes every cell
cycle must be accompanied by genome compaction on
the order of 10 - 40-fold [46]. All the above may mean
with time, after a certain number of cell divisions in the
nucleus genome there are no genes left, which are
available to transcription machinery. Indirectly the
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picture of apoptosis proves it: dissolution of nucleolus
and chromatin condensation on the internal surface of
nuclear membrane [47] accompanied by DNA
fragmentation into large (about 50 kbp) blocks [48],
membrane blebbing, dilation of the endoplasmic
reticulum, swelling of mitochondria, cell shrinkage and
nucleosomal DNA laddering [49]. Hence, the availability
of the ncDNAs in the eukaryotes' genome is not
permissiveness, but a strict responsibility to the
individual development and evolution;

f) there are also other indirect data that prove a
possible role of the ncDNAs at the earlier stages of
embryogenesis. So, as an example, it is known that
before the mitotic division of both the nucleus of
spermium and the nucleus of the somatic cells (in the
nucleus transplantation) in the egg, at the beginning
they significantly swell [50]. When somatic nuclei are
injected into Xenopus eggs (meiotic metaphase I1), the
nuclei swell up to 100-fold in volume within 1 hour, but
they do not transcribe genes, reflecting physiological
transcriptional silencing in eggs. When injected into
oocytes (meiotic prophase), the nuclei swell more
slowly, spending 3 days to accomplish the same 100-
fold increase in volume ([51], but they remain
transcriptionally active during this period. The swollen
nuclei in oocytes tend to show more active transcription
than those that have not swollen, suggesting that the
chromatin  decondensation is not merely a
morphological event but also linked with an increase in
overall nuclear activity [52]. We assume that in this
case there is the decondensation of the interphase
chromosomes densely packed in the nuclei of the
specialized cells with the ncDNAs. Obviously, without
complete decondensation of chromatin in the spermium
nuclei or the somatic cells the replication of the
interphase chromosomes is hampered, without which
the mitosis is impossible;

g) the picture of haemopoiesis clearly proves to the
effect that the ncDNAs may relate to the cell
differentiation. In this case it is obvious as nowhere else
that the deeper the cells are differentiated, the smaller
is the size of their nuclei. Sometimes such trend goes to
extremes; the specialized cell loses the nucleus at all,
as is the case with erythrocytes in the mammals. In
other words, the larger the nucleus size is the more
genes are transcribed, and vice versa. If this rule is
correct than the greatest number of genes must be
transcribed in cleavage of the fertilized egg, and the
least number in the reticulocytes.

By these | do not at all insist that the ncDNAs are
capable for specific reactions. Their non-specific
molecular composition does not allow it. The only thing |
want to say is that the non-specific reactions may be the
basis for creation of specific forms of reaction, and this
circumstance may be related to the differentiation in the
multicellular organisms.

7. Epigenetic regulation of cell differentiation is

surprisingly reversible. The most striking evidence of
this reversibility is the establishment of fertile mouse
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clones by using nuclei isolated from terminally
differentiated lymphocytes and olfactory sensory
neurons [53,54]. More and more data are being
accumulated to prove that heterochromatin component
can change, perhaps becoming rigid during cell
differentiation. There has been proposed a rather
substantiated hypothesis about the undifferentiated
cells containing more loosely packed chromatin than
their differentiated counterparts to maintain many genes
in a potentially open state to prepare them for future
expression [52].

There are certain mechanisms identified for the
participation of some types of ncDNAs in epigenetic
gene regulation. In particular, there is evidence that
aggregation of pericentric heterochromatin is a general
feature of terminally differentiating myotubes, and this
major reorganization of nuclear topology can be
induced by MeCP2 and MBD2 proteins. Furthermore,
this rearrangement of heterochromatin is independent
of the histone H3 trimethylation pathway and can occur
throughout interphase [53].

Functional attachments to various nuclear landmarks
are thought to organize the architectural folding of the
chromosome fibre. The position of a gene within the
nucleus can favor its silencing or activation and the
efficiency with which its products are processed or
transported to the cytoplasm. The stochastic properties
of genome organization may contribute to cell-type-
specific gene expression and to the dynamic responses
that occur during differentiation and adaptation to the
environment (see [54)).

8. There is one more example in the analysis of the cell

differentiation, which as we believe is of interest itself:

sex differentiation (SD) among animals. For the time

being the mechanisms of the SD are not known. At

present the balance hypotheses, worked out by Bridges

[55] and Goldschmidt [56] are generally accepted.

According to these hypotheses, the interaction of

genes, located in the sex chromosomes and

autosomes, underlie the SD. Thus, it is considered that

sex is a polygenic feature.

In order to clarify the essence of our point of view, it is
necessary to remind, that the sexual development in the
mammals is a process consisting of at least three stages:
the 1ststage is the chromosome determination of sex (XX
or XY); the 2" stage is SD (the development of testicles
or ovaries); the 3¢ stage is the development of the
secondary sexual characteristics.

At the early stages of embryonic development a pair of

undifferentiated embryonic gonads (UEG) and both

rudimentary female and male reproductive system

develop in the embryo. The UEG turn out to be of dual

nature, or to be more exact they are indifferent

concerning sex. They consist of the outer layer of tissue

(cortex) from which the female tissue develops, and the

inner layer, called medulla, from which the male tissue

develops. In course of the 2nd stage of the sexual

development, the progress of one of the germs and

suppression of the other one takes place. In the male
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sex the medullary tissue, which suppresses the activity
of the cortex layer, develops quicker; as a result the
gonads turn into the testicles.

| assume that basically the SD is a "physical process",
and at this stage of the sexual development the role of
genes (a chemical process) is insignificant. The genes
effects mainly determine the development of secondary
sexual characteristics. As | conceive, the ncDNAs plays
an important role in the SD.

Let's try to illustrate this assumption on the example of
a human being. Until now the hypothetical genes
responsible for the development of the male sex in the
Y chromosome have not been revealed. The point is
that the Y chromosome is largely a dummy [45]. Most
likely from my point of view, the HR of the Y
chromosome are responsible for the development of
UEG towards formation of the testicles, and not some
genes.

At first | give some initial prerequisites. (1). For lack of
the processes causing the testicles development, the
UEG develops invariably as an ovary. (2). SD at the
level of gonads tumed out to be a threshold
phenomenon,; to transform the germ cells of the gonads
into the testicles some minimum "dose" of the factor
switching over the direction of the sexual development
is needed. (3). The sex "genotype" manifests its direct
impact only at this stage of the UEG development
transferring the further control over the corresponding
development of the secondary sexual characteristics to
different hormones.

Now let's try to ground our assumption. (1). The heat
conductive effect of the CC especially strongly
increases in conditions of mulicellularity [24]; (2). In a
number mammals, including man, it has been shown
that at equivalent gestational ages, males are
developmentally more advanced than females [57,58].
By the 3" week of the embryo development in human,
the HRs are completely formed [7], and they are able to
exert their heat conductive effects in the cells. (3).
Medulla, being located in the very middle of the UEG
closed to aorta and surrounded with mesentery
probably experiences the greatest problems with
removal of the excessive heat in comparison with
cortex. Obviously, the cortex having a relative
advantage in supporting the intracellular temperature
homeostasis than the medulla, other things being equal,
has more chances to preserve and further develop into
the female tissue (for details see [25,26].

Seemingly, the SD in animals and human is determined
by the amount of cHR in the chromosomes of the UEG
via cell thermoregulation. It is assumed the medulla and
cortex tissue cells in the UEG are very vulnerable to the
increase of the intracellular temperature. If the amount
of the cHR is enough for efficient elimination of surplus
heat in rapidly growing UEG cells the medulla tissue
survives. Otherwise it doomed to degeneration and a
cortex tissue will remain in the UEG.

It could be possible to test our hypothesis
experimentally. At UEG with the karyotype XX to
remove its cortical layer preserving the medulla tissue.
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If our hypothesis is true then a male with a female
genotype will be developed (XX), which at usual
crossing results only in females. Such experiments
could give an answer to two interrelated question: 1)
what does the SD depend on, either on the gene
balance or on the "dose" of the HR?; 2) why does at
genotype XX the medulla tissue preliminarily
degenerate?, either from the "heat death" because of a
small dose of the HR or from the impact of the gene
products, produced by the cortex cells, on the medulla
tissue?

9. In the process of evolution of the higher eukaryotes
also the chromosome bands (C—G—Q-bands)
have evolved. It is notable that the chromosome bands
are best of all revealed by the existing methods of
differential staining on the chromosomes in the
mammals,

and especially clearly they become apparent in the
higher primates [24]. About 15%-20% out of non coding
part of human DNA represents  constitutive
heterochromatin (John 1988). There are two types of
constitutive heterochromatin in human chromosomes: C-
and Q- heterochromatin [37,59,60]. Chromosomal C-
heterochromatin regions (C-HR) were detected in
genome of all higher eukaryotes whereas Q-
heterochromatic regions (Q-HRs) are presented in
genome of only three higher primates (Homo sapiens,
Pan troglodytes and Gorilla gorilla) [9,61,62]. However
there is a fundamental difference between them:
quantitative variability of chromosomal Q-HRs in the
genome only exists in human population.

There are data available, which testify that in
unprecedented by its speed and scales of adaptation of a
human being to different climatic and geographical
conditions of the planet chromosomal Q-HRs are more
important than genes [11,23,63,64]. Results of extensive
comparative population cytogenetic studies showed that
populations of modern man differ significantly on the
amount of Q-HRs in their genome. It can be maintained
that these differences are mainly related to the natural
environment of residence of the human population and
not to racial or ethnic features. In particular, the amount
of Q-HRs is considerably lower in the genome of
populations living permanently at northern latitudes and
high-altitude regions, as well as in newcomers well
adapted to extreme natural conditions of high altitudes
(mountaineers) and the Far North (drillers), than in
populations living in temperate zones of lowland Eurasia
and tropical Africa [65-73,101]. As we suppose, the H.
sapiens, besides those inherent in all warm-blooded
vertebrates, possesses an additional but very fine and
simple mechanism of thermoregulation. In the present
case, in order to preserve temperature homeostasis
under different environmental conditions, in addition to
physiological and biochemical mechanisms, the simple
physical effect, such as body heat conductivity, was
used. And value of this effect depends of the amount of
chromosomal Q-HRs in genomes of individuals in a
population. Evidently, in conditions of hot climate a high
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level of intracellular heat conductivity is important in
order to take out metabolic surplus heat from the cell,
whereas in conditions of cold climate it is important to
retain some heat energy by slowing down its transfer into
intercellular space [11,27,42,43].

10. As Changeux [74] points out, the volume of the
human brain continues to increase long after birth,
whereas in the chimpanzee it augments only slightly.
The same happens with the bipedal posture. Much
needs to be learned about the development of the
human brain and the way it is affected by the physico-
chemical components of the environment [75]. | believe
that the increase of the human brain size was not the
result of dramatic changes of the structural genes. Most
likely it was the consequence of more ordinary events,
such as evolution of HRs in chromosomes, BHC and
skin [64].

Naked skin was a result of long series of events, each
depending on the other, and each unpredictable and
unique. Apparently, the main reasons for appearance of
hairless skin were the following factors: a) increase of
BHC because of high Q-HRs and C-HRs content in the
genome of the direct ancestor of modern human; b)
quantitative and qualitative changes of the diet
composition [76-78], which lead to increase of heat
production in the organism demanding efficient heat
loss from the body for preservation of temperature
homeostasis; c) tropical climate of Africa, where the
ancestors of the H. s. sapiens inhabited, had a strong
selective influence on such organisms because their
bodies have changed towards high heat conductivity
and heat production. It is possible that in such
conditions the best solution of the thermoregulation
problems was modification of skin: loss of hairy cover,
increase of its heat dissipation ability by increase of the
amount of the eccrine glands, blood vessels, and other
changes. Such skin, in addition provided with a great
amount of sensory receptors, cannot but influence the
postnatal development of the brain size because they
have a close ontogenetic connection, since as in early
embryogenesis the skin and brain are formed
simultaneously from ectoderm.

It is believed that namely the skin has led to the
formation of many more abundant microconnections
and also to parts of the brain being connected, which
had not been connected before. It would also lead to
changes the rates of dendritic pruning during
development and puberty, which are also important in
determining the connectivity of the adult brain. Size
alone of the brain is important in providing enough
neuronal elements to interact to produce a complex
network. But it is the richness and specifity of the fine
connections of that network, which determine the
complexity of the information processing which can
occur [78]. Information from touch-sensitive nerve cells
ultimately crosses the sensory cortex to the opposite
side of the brain where it is processed. The amount of
space needed by the cortex is related not to the size of
the body part but to the nerve density: areas with more
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nerve endings, such as fingertips, tips and genitals,
require more space in the cortex than the back, which
has fewer nerve endings [79].

For unknown as yet reasons, at late stages of the
evolution of life, in ancestor of contemporary three
higher primates (H. sapiens, P. troglodytes and G.
gorilla) there appeared a new type of HR - Q-
heterochromatin. Thus, one can say with certainty that
Q-heterochromatin originated in tropical Africa.

C-HRs is available in the genome of all higher
eukaryotes, including great apes. But in the
heterochromatin part of genome in the direct ancestors
of modern human some changes occurred about 100-
150 000 years ago; in addition to Q-HRs, on three pairs
of autosomes (1, 9 and 16) unusually large C- HRs
appeared, which do'not exist in Kkaryotypes of
chimpanzee and gorilla [61,62,80]. There are no C-HRs
of such size on the chromosomes of chimpanzee and
gorilla. Q- and C-HRs are also available on the Y
chromosome of human and gorilla. However the size of
constitutive heterochromatin in human Y chromosome
is much larger than that in gorilla [37]. Thus, by the total
amount of HRs, the human surpasses all other higher
primates, as in his genome; in addition to Q-HRs on
seven pairs of autosomes (3, 4, 13-15, 21 and 22) there
are three pairs of autosomes (1, 9 and 16) with large C-
HRs [37,61,62].

As we have demonstrated before, the amount of
chromosomal Q-HRs in genome is connected with the
human BHC [28]. We assume that assemblage of the
greatest amount of HRs in the H. sapiens genome
among the higher primates was the turning point in
human evolution [63], as exactly this circumstance has
lead to disappearance of hairy cover on his skin. The
latter turned out to be the main factor responsible for
increase of the brain size during the first years of life of
the H. s. sapiens [64].

11. The longevity is surrounded by many mysteries; at
least three of them are related to humans: (1) the
infants who die in the first four weeks of their life, have
low birth weight, complications of pregnancy and of
delivery, and congenital malformations. Between the
first four weeks and one year, respiratory and other
infectious diseases take their toll, together with
malformations, sudden infant death syndrome, and
accidents; (2) the fact that women live longer than man;
and (3) the shorter life span of males applies to most
animals that have been studied.

The following observations testify to a possible role of
ncDNAs in longevity. It is established that: (1) in a
population there is a clear-cut tendency towards a
decrease in the number of chromosomal Q-HRs with
age, regardless of racial and ethnic features of the
individuals; (2) of all the age groups the genome of
neonates contains the greatest number of Q-HRs; (3)
decreases in the number of Q-HRs with age are not
due to the "loss" of Q-heterochromatin on individual loci
or chromosomes, but occur simultaneously in all the
seven Q-polymorphic autosomes [81,82]; (4) we also
have demonstrated that the mean number of Q-HRs
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per one individual (m) in newborn population were 3.16
in Kyrghyz and 3.59 in Russian, respectively. Neonates
are characterized by a high range of variability in the
distribution of Q-HRs (from 0 up to 7) in population. But
died neonates, besides high value of m differs by
extremely narrow diapason of variability of Q-HRs in
population: number of Q-HRs in a karyotype changes
from 4 up to 6, with m = 4.58 and m = 4.80 in Kyrghyz
and Russian, respectively [83].

12. Chromosome rearrangement is a key event in
speciation; new species almost always have a new
karyotype [84-86]. On possible role of the satDNAs and
HRs chromosomes in the evolution of plants and
animals there is a vast amount of publications (see [5-
8)).

13. Retrotransposable elements are frequently
considered as "junk DNA", though they are the major
constituents of genomes in all eukaryotes. These
mobile nNcDNAs sequences can disrupt genes, induce
genomic rearrangements, influence gene expression
and are driving forces of genome evolution. Some
mobile sequences have been domesticated by the host
and play important cellular roles (for details see [87]).

14. At present it is not known how introns originated and
how exons were put together, i.e. what principles
governed their assembly. The basic functions of introns
remain enigmatic. There are assumptions that introns (1)
could be used in the nucleus as a communication
message between other genes, (2) can be part of a
cascade type process of the regulation of gene
expression, (3) could also regulate messenger RNA
maturation, and (4) could be future sites of chromosomal
evolution [5,38]. Gilbert [88] proposed that introns arose
at the beginning of multicelluarity and played a major role
during the Cambrian explosion in creating new genes by
exon shuffling. However, everybody agrees with one
thing: Introns could be future sites of chromosomal
evolution. For example, Maynard Smith [89] believes that
from a conceptual point of view the most important fact,
which should be taken into consideration by us, is a wide
distribution of genetic elements capable of multiplication
within the genome. It is possible that for such
multiplication short non coding sequences were used,
which, with time, formed the basis of the satellite-like,
and other highly repetitive sequences. Macgregor [90]
believes that apparently one of the properties of the DNA
is its trend for multiplication. The proposal was made that
a general function of introns consists in their potential to
help stabilize local high-order structures of chromatin in
which genes, at times, have to be sequestered [91-93].
Anyway, the introns are in general much larger than the
exons. The similarities between the introns and CC
cannot be ascertained at present, but two classes of
DNA do not need to be very different from each other
[23].

We believe that after unwinding of DNA and its
transcription, introns are attached to the inner surface of
the nuclear envelope through CC. In other words, in the
process of synthesis of primary RNA molecules the
introns are used as binding sites for immobilization of the
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DNA of genes. Since the 1960s, this principle of
synthesis of long polymeric molecules has been
successfully used in organic chemistry, and it is known
as solid phase synthesis [94]. The basis of this method is
a temporary fixation of the polymer chain under synthesis

(polypeptides, polynucleotides, polysaccharides,
polyamides) on the insoluble polymer carrier (solid
phase).

The first requirement for the solid phase synthesis is a
suitable insoluble support. For these purposes, the
chemists use the polystyrene and polyacrylamide resins.
With this the synthesis reaction occurs in the
heterogeneous compound with the surplus amount of all
constituents of the polymer molecular components. It is
possible that the same principle of synthesis of long
polymer chains occurs in live nature. In the nucleus the
primary RNA is assembled as a polymer chain in a
stepwise manner where intron parts of DNA as a solid
support are attached to the inner surface of the nuclear
envelope through CC. After the full gene has been
transcribed into primary RNA transcript intron-coded
regions are deleted as exon-coded ones are spliced
together. This second process of reunion is very
important; otherwise the different pieces derived from the
exons would not be aligned in perfect order but would be
combined at random, giving different types of messages
instead of always the same one. In this case, the introns
promote successive and faultless binding of short
sections of exons in mature RNA in the direction from the
5 and to the 3" end. In prokaryotic cells, one long,
circular strand DNA serves as a chromosome. Yet, even
in them, the genome is usually concentrated in one
dense area of the cell called the nucleoid. Ultimately, an
animal cell's need to adhere to a solid surface
(anchorage dependence) is one of the most widespread
features of live [24].

15. It is now clear, that major incongruities exist and that
there is only a weak relationship between biological
complexity and the number of protein coding genes. For
example, using the protein-coding gene number as a
basis for evaluating biological complexity would make
urochordates and insects less complex than nematodes,
and humans less complex than rice. However, Taft and
Mattick [95] analyzed the ratio of non coding to total
genomic DNA (ncDNA/tgDNA) for 85 sequenced species
and found that this ratio correlates well with increasing
biological complexity. The ncDNA/gDNA ratio is
generally contained within the bandwidth of 0.05 - 0.24
for prokaryotes, but rises to 0.26 — 0.52 in unicellular
eukaryotes, and to 0.62 — 0.985 for developmentally
complex multicellular organisms. Authors came to the
conclusion that the observed non coding DNA increases
and compositional patterns are primarily a function of
increased information content. It is therefore possible
that ncDNAs previously regarded as genetically inert
may be far more important to the evolution and functional
repertoire of complex organisms than has been
previously appreciated.
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Concluding remarks

Rose [96] talking about the three main problems — of the
origin and persistence of variation, of adaptation and of
speciation — that Darwin left to his followers to resolve,
specifies that: ‘(1) The first was the mechanism of
transmission of both similarities and variations; (2) The
second was the classic argument from design: how could
gradual change result in such seemingly perfectly
adapted structures as a eye; (3) The third was the
problem of speciation. Today, the first is no longer a
problem, the second raises a number of important
conceptual issues, and the third is still with us’.

As is known in the process of writing ‘The Origin’ Darwin
had some difficulties due to shortage of data on
variability to prove his theory. Nowadays it is otherwise.
We do not know how to explain the cause of polymorphic
proteins, enzymes, DNAs, chromosomes origin and their
role in evolution. Having seen millions of variable sites of
human being’'s DNA Darwin would rather ponder: could
natural selection choose the most adapted organism out
of such tremendous variability in order to create new
species? The matter is that up till now the question on
how the degree of genetic differences between
individuals in population influences on their biological
fitness which, finally, should be expressed in longevity
and number of descendants reached reproductive age is
still open. This proved by results of persistent
comprehensive researches of human adaptation to
various extreme natural conditions [102]. ‘With respect to
identifying specific genetic loci contributing to high-
altitude functional adaptation, efforts so far have not
been successful’ [97].

When the success of the Human Genome Project (HGP)
celebrated (2001) several scientists proclaimed that the
genome sequence represented ‘the script of life’.
However, as is known, results of HGP did not give both
theoretical and practical results which had been
promised by the Project initiators to the general public.
This even is not the matter of fact. The lesson was useful
in many ways including understanding of material basis
of evolution. Nowadays we are not allowed to think that
‘We are built as gene machines’ [98]. If not genes then
what? For a while nobody has ready answer. However it
is not the way out to think only within the frames of
modern synthesis conception because it was not able to
solve even the problem of speciation.

Apparently ncDNAs had done real revolution in the
history of life on the Earth. The appearance of eukaryotic
cell, nucleus, mitotic chromosome, sex, multicellular
organisms with specialized cells, tissues and organs,
temperature homeostasis, adaptation, warm-blooded
animals up to modern human being could be explained
by the emergences of ncDNAs [11,23,24,27,63]. Sexual
mode of reproduction made possible of evolution in
Darwin's understanding — origin of biological species.
Though at present all this do not mean that “master
molecules” should be named as ncDNAs, and not genes.
The synthesis of proteins and enzymes is impossible
without genes, if there is no such involvement any types
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of DNAs will remain the most inert and stable
macromolecule known to science.

As far as | can see variation of genes (in the sense of
favorable mutation) did not have substantial significance
in evolution contrary to generally accepted opinion. Then,
how would we imagine evolution without variability? We
do not dispute the role of variability in evolution. The only
case is types of variability. Probably it will be more
correctly to distinguish two types of variability. The first
type applies to genic  variability and its products
(proteins and enzymes), and the second type is limited
by ncDNAs variability. There are considerable reasons to
think that genes could not play substantial role in
evolution of eukaryotic organisms because new forms
and functions are needed for their evolution. Thus genes
are not able to create new forms and functions because,
as it turned out, old classical notion of one gene, one
protein and one function is exception rather than rule.
Number of genes in genome and their products (e.g.
polymorphism of proteins and enzymes) differ with
tremendous diversity; it can complicate creative work of
natural selection. It is obvious that in order to create new
form or function the involvement of many genes not one
is important. However the probabilities of coordinated
favorable mutations for large number of genes in great
number of individuals in population are extremely small.
The variability of ncDNAs radically differ from genes, it is
less diversified but is able to cover considerable part of
genome. The number of chromosomal HRs of individuals
in human population or inactivation of one of X-
chromosomes in genome of female animal may be
shown as an example of such variability (see above).
Variability of the ncDNAs can ensure more rapid
changes in the genome than those that could be only
achieved by mutations of structural genes. They
apparently ensure genetic adaptation to changes in
environment more rapidly as compared to the process of
mutation. In order to survive and leave descendants in a
new environment, the organism utilizes different
mechanisms, and this does not always require the
participation of genes.

What does the gene actually do? The role of genes
according to one of the known critic of new-Darwinism
is as follows: (1) The gene is relevant but of secondary
importance. The gene does not create form and
function, it only fixes one of the alternatives; (2)
Darwinism and neo-Darwinism start from the wrong
end of evolution, i.e. from its terminal products. The
origin of species and the dynamics of populations has
been the main object of their studies. The mechanism
of evolution is unknown at present. However, the
mechanism of a phenomenon can only be revealed by
investigating its primeval causes. Only by studying the
origin and transformation of form, and the origin and
transformation of function, can one elucidate with
precision the mechanism of evolution. Any other
approach is a start in reverse [38].

Currently theories of differentiation on genic level could
be considered as disproved; although they (genes) are
identical in all types of cells of an organism. That does
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not apply to ncDNAs; they vary considerably depending
on the type of cells, stage of a cellular cycle and
ontogeny, thus creating different microenvironments for
functioning of genes with all the resulting consequences.
Through high plasticity of different types ncDNAs the
Nature reveals its amazing economy: regulating the most
complicated and infinitely diverse life processes via a few
simple physical and chemical principles. On the basis of
the above | am inclined to consider, that evolution based
on genes was stopped on prokaryotic level. It is
probably that ncDNAs, and not genes, play the main role
in evolution of eukaryotes.
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