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Abstract—In order to understand the phenomenon of sex, it is not enough to know about its reproductive role and role in recombination. In addition, knowledge of its evolutionary role is required. Sexual differentiation allows us to test evolutionary innovations in the male genome before they are transmitted to the female genome. This is possible in the framework of dichronous evolution, when the evolution of the male sex goes faster than the evolution of the female sex. This implies that there clearly should be male genes, which are already present in the male genome, but are not yet in the female genome; and vice versa, there should exist female genes, which have already been lost by the male sex, but still remain in females. Dichronicity results from different reaction norm of the sexes. This interpretation implies (1) the nomadic behavior of genes in the genome (2) the existence of evolutionary sexual dimorphism, which begins in the form of moditicational changes in the female sex followed by selection-derived changes in the male sex; (3) the discovery of evolutionary roles of chromosomes and the proposition of a new concept, according to which the Y-chromosome represents a "gateway" for environment-related information coming to the genome; i.e., place of "birth" and testing of new genes, which comprise the basis of evolutionary sexual dimorphism-its initiator, accelerator, and regulator. The X-chromosome is the "transport" chromosome that transfers new genes from the Y-chromosomes into autosomes and therefore, serves as a stabilizer, relaxer, and liquidator of evolutionary sexual dimorphism; it also serves as repository of the outgoing genes that await elimination. This concept provides for a new interpretation of the appearance, localization, and movement of genes along chromosomes and between them, and it sheds new light on the phenomena of chromosomal inactivation, mobile genes, association of Y-chromosome with stress, viruses, etc.

THE PROBLEM OF SEX

Over the last 150 years, the issue of sex has continued to be the central problem of evolutionary biology. It was dealt with by eminent biologists of the XIX-XX century, such as Darwin, Walles, Weismann, Goldshmidt, Fisher, and Müller. Despite this, present-day leading figures continue to write about the "crisis" in evolutionary biology concerning the issue of sex. During the last quarter-century, the problem of sex has enjoyed another period of renaissance. A dozen books have been published, the titles of which contain two words: "Sex" and "Evolution" (Williams, 1975; Maynard and Smith, 1978; Bell, 1982; Bull, 1983; Karlin and Lessard, 1986; Hoekstra, 1987; Michod and Levin, 1988; Dawley and Bogart, 1989; Harvey et aL, 1991; Mooney, 1992). The first of these begins with the phrase formulating that the "...prevalence of sexual reproduction in higher plants and animals is incompatible with modern evolutionary theory..." In the second, we read: "We do not have a satisfactory explanation as to how sex has emerged and how it is maintained." In the third monograph dealing with sex evolution and genetics, the author states that "... sex is the main challenge to the modern evolutionary theory... . Queen of problems... . Intuitions of Darwin and Mendel, which have resolved so many riddles, were unable to cope with the central riddle of sexual reproduction." Another leading figure on the problem of sex writes: "It is rather surprising, but scientists cannot satisfactorily explain, why sex exists." (Crews, 1994). Many articles and reviews dealing with this issue have been published. During the last few years, at least two leading genetic journals have dedicated special issues to this problem (Heredity, 1993, vol.84, pp. 321-440; Development Genetics, 1994, vol.15, pp.201-312). All this provides evidence that the problem of sex, a central problem of evolutionary biology and genetics, still remains unsolved in other countries. The main question; that is, what the need for sex is and what adaptive significance it has, remains so far without an answer (see Crow, 1994).

It became clear to me in the early 1960s that evolutionary theory has no consistent approach to the problem of sex, and the heuristic solution of this problem has been published for the first time in a mathematical journal (Geodakyan, 1965).

Where is the Heart of the Problem and Why Can It Not Be Solved?

The first program of life is the reproductive program (REP). It creates discreteness of genetic information in time (generations and other phases of life) and in the morphofunctional space (genes, chromosomes, cells, organisms, populations, and other organizational forms). It is the main criterion of life. It determines the size of populations and provides a foundation for such biological phenomena as replication, reduplication, and asexual (AS) reproduction. For all practical purposes, prebiological systems had no discreteness; there were no generations, nor an abundance of various forms. In fact, there were no intermediary levels of organization between the level of simple molecules and cenoses. This implies that the richness of forms and phases of the living systems is the result of divergent processes (differentiations). Replication errors gave rise to a second program, mutagenesis (MUT), which provides a source of diversity. This was enough for selection and evolution (EV) to act. The next important step was the appearance of the recombination (REC) program, which underlies such biological phenomena as crossing-over, fertilization, or syngamy. By creating a new source of diversity, separated from the environment, it [recombination] has provided a cardinal solution for this problem. It gives a foundation for the sexual process and the hermaphrodite (HP) mode of reproduction. Next in sequence of importance is the program of differentiation (DIF), which has created the phenomena of meiosis, sexual, and other differentiations. This provides a basis for the dioecious (DE) forms, castes in social insects, dwarf males in some fish, etc. During evolution, these programs and biological phenomena triggered by them appeared specifically in this order, which reflects constitutive-facultative relations between them. The preceding, more fundamental programs are indispensable for the appearance of the subsequent ones, while the later programs are not indispensable for the earlier ones. If the first two programs had a fundamental nature of innovations, the later ones can be regarded as improvements, which increased efficacy of evolution (see Scheme).
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Scheme.

Sequence of emergence of the main programs and the  increase of efficacy of evolution associated with different ways of reproduction.
Note. AS—asexual, HP—hermaphrodite, DEM—dioecious monogamous, DEP— dioecious polygamous, Be—bees. 
Programs: REP—reproduction, MUT—mutagenesis, EV—evolution, REC—recombination, DIF—differentiations.

The concept of sex includes two fundamental phenomena: the sexual process (fusion of genetic information of two individuals) and sexual differentiation (separation of this information into two parts). Depending on the presence (+) or absence (-) of these phenomena, many existing ways of reproduction can be divided into three main forms: AS (-, -), HP (+, -), and DE (+, +). The sexual process and sexual differentiation are different phenomena, and, in essence, are diametrically opposed. The first creates (increases) diversity of genotypes, and this is its evolutionary role; the second, in fact, decreases it to one half, and nobody can explain its evolutionary role. Thus, in an AS population consisting of N individuals, the maximal theoretically possible diversity of genotypes of the offspring equals N if the genotypes of all parents are different. Since the offspring of each asexual individual is a clone with the same genotype, diversity of the offspring (σ) can only be less than N. With the appearance of the sexual process, possible offspring diversity is expressed by the square of this number. In hermaphrodites (HP), each of N individuals can mate with N - 1 individual (with the exception of self), but since mating of individual No. 1 with No. 2 is identical with the mating of individual No. 2 with No. 1 (in other words, there is no reciprocal effect), then at N >> 1, diversity: σ = N(N- 1) / 2 ≈ N2/2 (in the presence of reciprocal effect σ = N2). In DE forms, the appearance of sexual differentiation diminishes the diversity possible for HP through forbidding single-sex combinations (mm, ff) by a factor of two at the minimum: σ = N/2 x N/2 = N2/4 (each female mating with each male, if they are present in similar numbers N/2). Offspring diversity in a DE population also depends on the sex ratio (SR) in the parental generation: it is maximal at SR = 1:1 and diminishes with any deviation from this value (Table 1).
Table 1.  Analogies illustrating reproductive specialization of ♀♀, evolutionary ♂♂ and evolutionary advantages of sexual dimorphism.

	Characteristics of the offspring (program)
	Comparative efficacy

	
	Main modes of reproduction
	DE populations with sex ratio

	
	AS
	HP
	DE
	♀♀ >> ♂♂
	1 : 1
	♂♂ >> ♀♀

	N  (REP)
	max
	mid
	min
	max
	mid
	min

	(   (REC)
	mid
	max
	mid
	mid
	max
	mid

	((Х   (EV)
	min
	mid
	max
	min
	mid
	max

	Sibs
	-
	-
	-
	PhS
	FS
	MhS


Note: N, numbers; (, vaviance; ((Х  evolutionary shift of the mean genotype; programs:  REP  reproduction; REC  recombination;  EV  evolution; PhS  paternal half-sibs; FS full sibs; MhS  maternal half-sibs.
Thus, providing their size is identical (N), the maximal possible offspring diversities for AS, HP, and DE populations have the following ratios N : N2/2 : N2/4, in other words, transition from the HP to the DE state leads to a loss of at least half of diversity. Then it is completely unclear, which advantages are given by [sexual] differentiation if this differentiation deteriorates the main achievement of the sexual reproduction at least by a factor of two. Why are all species of animals (mammals, birds, insects, and dioecious plants) that are progressive from the evolutionary point of view DE, while the AS state has clear advantages of the quantitative efficacy and simplicity, and offspring diversity is highest in HP (see Table 1)? This essentially is the heart of the riddle of the sex. Lack of its solution is explained primarily by the lack of clear understanding that the sexual process and [sexual] differentiation are opposite phenomena. The goal was to understand the advantages of sexual reproduction (HP + DE states) as compared with the AS state, while it is important to understand the advantages of the DE state as compared with the HP state. The advantage of the sexual process is clear—it provides a source of diversity. This question, however, needs to be answered: What is achieved by the differentiation [of sexes]?

Now, it has already been understood that since sexual reproduction is not associated with any clear [reproductive] advantages, as compared with AS, there should be some important advantages in evolution (Crow, 1994). Nevertheless, the problem of sex is still attempted to be solved as a problem of reproduction rather than as an evolutionary problem.

Without proper understanding of the fundamental evolutionary role of sex, it is, of course, impossible to understand the role of its sex-associated derivatives: sex ratio, sex variation (SV), sexual dimorphism (SD), sex chromosomes (SC), sex hormones (SH), psychological differences associated with sex, and all other sex-related phenomena. Thus, the problem of sex is surrounded by many unsolved issues. Revision of the root phenomenon requires a re-valuation of all other related phenomena, which then also become evolutionary meaningful. The present article deals predominantly with uncovering evolutionary roles of chromosomes, and, in turn, this leads to the revision of certain basic views on SR, SD, and SH.

THE PROBLEM OF SEX CHROMOSOMES

Since the time of discovery of sex chromosomes (McClung, 1901), it has been generally accepted that their main role is sex determination and support of the sex ratio SR = 1:1. Now, is this indeed the case? Of course, sexual chromosomes perform both these functions, but would it be right to conclude on this basis that this is their main functional significance? Sex existed even before the appearance of sexual chromosomes, and many present-day DE species do not have them. Moreover, an autosomal trigger gene would be quite sufficient for sex determination, and SR = 1: 1 would be generated automatically when the recessive homozygote is crossed with a heterozygote. Then, the evolutionary significance (role, need, purpose) of autosomal-gonosomal differentiation is not clear. Which principle underlies this differentiation? What is achieved by different algorithms of the behavior of chromosomes? Why are autosomes transmitted from parents to offspring purely stochastically, randomly, while sexual chromosomes use special routes: the Y-chromosome from father passes only to the son, and the X-chromosome, only to the daughter. Which genes are located in autosomes, which are present in the X-chromosome, and which are in the Y-chromosome? How can we explain characteristic features of conjugation, crossing-over, or condensation of SC depending on sex and gamete type? We know quite a bit about the functioning of genes in chromosomes during ontogenesis, but we know almost nothing about their "way of life" in the genome during phylogenesis. Whether they appear to be "resident;" i.e., they are "born," "live," "function," and "die" in one chromosome or they "move," i.e., are located in different chromosomes during different phases of their phylogeny. If this is the case, is there any ordered "route" of genes along chromosomes, and if yes, then what is this route?

Many problems, controversial issues, and new data have been accumulated that cannot be explained by current chromosomal theory. Indeed, this refers to the interpretation of Barr's bodies as a device for dose compensation of X-genes. If condensation would indeed serve this purpose, then Barr's bodies would always be normally produced in a homogamete sex. However, in birds, just as in mammals, it is the female X-chromosome that undergoes condensation (the only one). Which dose compensation may this involve? In birds, there is no conjugation of sex chromosomes. For some reason, DNA replication of one X-chromosome in a homogamete sex and of the Y-chromosome takes place after the replication of autosomes has finished (Vorontsov, 1973), etc.

The Y-chromosome is another mystery. This is the most variable chromosome (particularly along its length); it is rich in nucleotide repeats and heterochromatin in animals, and it is rich in euchromatin and repeats common with other chromosomes in plants (Grant et aL, 1994). In man, it is genetically almost empty (if we do not count genes responsible for hairy ears and membranes between toes). In other species, it may contain many active genes. For example, in Drosophila, many genes are located within Y-heterochromatic regions. About 30 Y-genes of male discoloration have been discovered in the guppy as early as in 1920-1930 (and there is only one autosomal gene!); some of them participate in nonequal crossing-over with the X-chromosome. Here, Y → X transition is four times more frequent than the reverse process (Winge, 1927; Kirpichnikov, 1935). In dragonflies, the XY form is evolutionarily more ancient than the X0. However, there is also the opposite point of view, according to which SCs originated from the usual pair of autosomes that was carrying the genes for sex determination. According to these arguments, this is why in some species (more primitive ones), the size of the Y-chromosome is similar to that of the X-chromosome. It conjugates with the X-chromosome completely or partially and participates in crossing-over, while in other species (more advanced), it is small and it joins with the X-chromosome end-to-end without crossing-over. In the process of evolution, the Y-chromosome looses active genes, degrades, and eventually disappears for some reason; therefore, the XY form precedes the X0 (Rice, 1994). The latter point of view seems to be more convincing. There is just one point of disagreement; it is difficult to agree with the author that the bright-red spot in guppy males was earlier also present in females, who later lost it. I believe females never had it at all. It has been described that the larger Y-chromosome has been present in different ethnic or social groups and in individuals with long life-spans, and that its has greater variation in rodents from areas with increased seismic activity (Vorontsov et aL, 1978). Its relation to retroviruses (Phillips et aL, 1982), new mutations (Miyata et aL, 1987; Shimmin et aL, 1993), and others have also been described.

It appears that there is something significant that we do not understand about SCs and about the Y-chromosomes in particular. We do not understand the main thing: For what are sex chromosomes needed? What are they doing? What is their significance, functional role, and adaptive value? What is their evolutionary meaning and the logic of their existence?

GENERAL IDEA OF ASYNCHRONOUS EVOLUTION

In the framework of Darwin's adaptogenesis, evolution of the system follows the change of environment and is accomplished by trial and error. Therefore, it is advantageous to try out only a part rather than the whole system. For this, the system must be divided into two subparts: one part, the main and more valuable, has to be kept "at some distance" from the environment in order to better conserve information about the past, while the second, "experimental", part, which is less valuable, should be moved out closer to the environment in order to "learn" what is required at present and how to change in the future. Such conservative/operative specialization of the subparts (sexes) is achieved by their dichronous (heterochronous) evolution: all new traits appear at the beginning in the operative subsystem (male sex), are tested there, and then passed to the conservative subsystem (female sex) (Geodakyan, 1965).

After the original publication, I have expanded this idea for the conservative/operative interpretation of a large number of binary coupled systems, from the molecular level of organization to the populational and social levels: DNA-proteins, autosomes-gonosomes, nucleus-cytoplasm, genotype-phenotype, female sex-male sex, cerebral subcortex-cerebral cortex, etc. It has also been proposed that all differentiations of the adaptive systems can be viewed as operative/conservative specializations that determine the sequence of information transmission from the environment into the subsystems (Geodakyan, 1972). This provided a basis for isomorphous evolutionary theories of sex (ETS) (Geodakyan, 1965, 1989, 1991), asymmetry of organisms and asymmetry of brain (Geodakyan, 1993), which have explanatory and predictive potential exceptional for biological theories (Simonov et aL, 1995). Later, an attempt was made to extend this idea to explain autosomal/gonosomal differentiation of the genome (Geodakyan, 1996, 1998) and the phenomenon of left-handed individuals (Geodakyan V.A. and Geodakyan K.V., 1997).

No matter whether we are talking about a DE population with females and males, about a bilateral organism or a brain with its left and right hemispheres, about a society with right-handed and left-handed individuals, or about the genome with autosomes and gonosomes, all these differentiations are based on the same principle of specialization, which is crucial for evolving systems: it is about conservation (C) vs. change (CH) in the system. First, the conservative and the operative aspects of evolution are its two main and irreplaceable conditions. If one is absent, evolution cannot take place: the system either disappears or it does not evolve. Second, their ratio C/CH characterizes the evolutionary plasticity of the system. Third, these conditions are alternative: the higher the CH, the lower the C, and vice versa, since their sum total is 1: C + CH = 1. Therefore, in the absence of specialization of the subsystems, the system should choose a certain compromise optimum CH/C, while with specialization, both parameters can be maximized at the same time. For example, in the case of isogamy, each gamete plays a conservative function (provision of resources for the zygote) and the operative function (search for partner). Having identical mean (m) size, isogametes perform both these functions in a "mediocre" fashion. Size differentiation allows the smaller (s) gametes to perform search for partners better, while the large (l) gametes are responsible for the provision of resources; this combination of l-s is more advantageous than m-m combination. This explains the evolutionary advantage of all coupled differentiations.

In each pair mentioned above, the first system is conservative, main, more ancient, more insulated from the environment, and more protected from it; the second subsystem, operative, is a test ground. It is more young and more tightly coupled with the environment. Therefore, information coming from the environment (controlling information) gets first into the operative subsystem and then moves to the conservative one. As a result, the evolution of any trait occurs in a dichronous fashion: it begins and ends in operative subsystems earlier than in conservative subsystems.

According to evolutionary theories, new traits appear first in males, and then (many generations later) they are transmitted to the females (Geodakyan, 1989, 1991); control centers for a new function appear at the beginning in the left cerebral hemisphere and then are translocated into the right one, and the functions themselves appear on the right side at the beginning and then are transmitted to the left side (Geodakyan, 1993). In the same way, new genes should appear first in sex chromosomes and then in autosomes (Geodakyan, 1996, 1998).

THE EVOLUTIONARY TREORY OF SEX

Differentiation of sexes is an efficient form of informational contact between the DE population and the environment, which allows the testing of all new traits first in the male sex and then their transmission to the female one due to dichronous evolution (Figs. 1 and 2).
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Evolution of trait (0 → 1) in the monoecious forms.
Abscissa: X—mean population genotype for a given trait,
(0)—preevolutionary, (1)—postevolutionary. 
Ordinate: T—time of phylogeny, T1 beginning; T2—end 
of trait evolution. E—stage of trait evolution; 
s1—preevolutionary, s2—postevolutionary phase of the trait
stable state. Dashed lines parallel to the tragectory and small 
distribution curves between them show the magnitude of 
genotype variants in the population during different phases.
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Dichronous evolution of traits (0 → 1) 
in males (♂♂) and females (♀♀). 
T1–T3—beginning-end of trait evolution in ♂♂; T2–T4—in ♀♀; Phases of evolution: d—divergent, p—parallel, c—convergent; E♂♂ and E♀♀—evolution of trait in ♂♂ 
and ♀♀. SD—sexual dimorphism, SDC—sexual dichrony.For other designations, see Figure 1.

Norm of the reaction, dichrony, and phases of evolution. 
Males and females respond to environmental changes in different ways; in particular, they have a different response to ecological differentials. It has been proposed that the reaction norm of the female sex is broader, as compared with that of the male sex, which has been verified by the successful prediction of greater concordance in male pairs of monozygotic twins and female dizygotic twins (Geodakyan, 1974). The wider norm of the reaction among females allows them to create a more adaptive phenotype through modification only on the basis of ontogenetic plasticity, to maximally "distance" themselves from their genotypes, and to leave selection areas. The narrow norm of the reaction of male individuals does not give such an opportunity. As a result, selection mainly acts on the male sex, its numbers drop, and the distribution of genotypes changes; i.e., anticipatory evolution begins. This means that given environmental information modifies the female sex and eliminates the male sex. In other words, SD with respect to the norm of the reaction provides for increased phenotypic plasticity of the female sex during ontogeny and genotypic plasticity of the male sex during phylogeny (Geodakyan, 1965, 1974, 1991).

This means that the female sex transforms environmental information into temporary modificational (phenotypic) SD (MSD or PSD), while the male sex, paying for this information in terms of numbers reduced by selection, transforms this information into evolutionary (genotypic) sexual dimorphism (ESD or GSD) in order to transmit this information to the female sex (after its testing) by the "bloodless" internal route. Thus, selectional GSD created by the male sex becomes a factor of evolution for the female sex; it serves as a driving potential instead of the environmental differential, and, as a result, the female sex may obtain new information not from the environment but from the male sex, obviating the need for selection. This is the evolutionary significance of sex differentiation and the major advantage of DE.
According to ETS, evolution of any trait in the DE form includes three phases.

During the initial, divergent phase, only the male sex undergoes evolution, since the new information from the environment (viruses, mutations, genes) gets only into males. This creates GSD, which then increases in the sequence of generations. The duration of the divergent phase or sexual dichrony equals the lagging time of the female sex or leading time of the male sex (Fig. 2). This temporal “distance” is necessary to test the new traits in the male sex. However, the divergence of sexes cannot continue indefinitely, otherwise it would result in reproductive isolation. A mechanism of GSD relaxation is turned on; i.e., outflow of information from the male sex to the female sex; that is, evolution of the female sex begins.

This is the second, parallel phase of the trait evolution, when both sexes evolve at a similar rate. A steady state regimen is established for GSD, which continues to the end of the phase.

The third part of evolution is convergent, when only the female sex is evolving. This phase begins when the environmental differential is no longer acting on the male sex, but the GSD continues to act on the female sex. As a result, GSD decreases and disappears; i.e., the trait dimorphic in the course of evolution again becomes monomorphic and stable. This brings trait evolution to its end. This means that the DE state, which was erroneously interpreted as giving a better mode of reproduction, is unrelated to reproduction at all. But it offers an effective way of evolving (Table 1) (Geodakyan, 1989, 1991).

CHROMOSOMES FOR EVOLUTION

When I used the idea of asynchronous evolution for the first time in an attempt to solve the problem of sex, I realized that it also gives a basis for autosomal-gonosomal differentiation, and in the conclusion of that article, I wrote: "sex chromosomes (SC) in the chromosomal complement play a part of operative memory, while autosomes play a role of conservative memory, therefore, SCs (primarily the Y-chromosome) serve as a 'gate,' through which variation enters heredity" (Geodakyan, 1965). At present, this theoretical prediction has been completely confirmed by a series of direct experiments (Miyata et al., 1987; Shimmin et aL, 1993).

When a system is divided into subsystems, then a major question is about the sequence of arrival of the controlling information from the environment to these subsystems. This information always gets first to the operative subsystem and is transmitted from there to the conservative one (Geodakyan, 1972). Thus, for the case of sexual differentiation, the sequence is as follows:
environment → male sex → female sex. For the case of brain differentiation, this is environment → left hemisphere → right hemisphere. If chromosomal differentiation is indeed isomorphous to sexual differentiation, this isomorphism can be used in order to identify a similar sequence at the level of chromosomes in order to elucidate unknown evolutionary roles of autosomes and SC. For this purpose, it is sufficient to compare different evolutionary roles of the male and female sex, as opened up by ETS in receiving information from the environment, its transformation into pheno- or genotypic information, and transmission to the offspring; i.e., their informational behavior should be compared with algorithms of chromosomal transmission.

Algorithms of chromosomes and their comparison with phases of evolution.
Several algorithms can be identified in the informational behavior of chromosomes; vertical mechanisms involve transmission of chromosomes from generation to generation, and horizontal mechanisms describe reception of information from the environment; its transmission between chromosomes; and elimination in the form of genetic processes, such as mutagenesis, crossing-over, translocations, episomal transfer, transfer by viruses, plasmids, mobile elements, etc. Behavior of the chromosomes is determined primarily by three vertical algorithms. (1) Stochastic, when chromosomes of the homologous pair come to the son or daughter in a purely random fashion. This algorithm is responsible for the transmission of autosomes and thought to be typical for X-chromosomes of the homogamete sex. (2) Ipsi-algorithm, when the chromosome is transmitted from the parent only to the offspring of the same sex. This is the transmission algorithm of the Y-chromosome. (3) Contra-algorithm is responsible for transmission from the parent to the offspring of opposite sex. This is the transmission algorithm of X-chromosome in the heterogamete sex.

The stochastic algorithm deals only with genetic information common for both sexes. By mixing genes after each act of fertilization, it maximizes monomodal genotypic diversity, homogenizes, and levels off all leaps of potentials, and therefore cannot provide the basis for GSD. This is the most ancient algorithm, which existed even before the appearance of [sexual) differentiation.

The nonstochastic algorithms appeared with the appearance of SC. They are associated with information, which is different in males and females; i.e., GSD, these algorithms maintain and control this information. The ipsi-algorithm acting on one sex may create informational differential between the sexes; i.e., GSD, and then increase or decrease its magnitude. It initiates the program of differentiation. The contra-algorithm, just as the stochastic one, transmits information from one sex to another, and therefore, it also levels off potentials, but, in contrast to the stochastic mechanism, it does not bring GSD to zero. Rather, it keeps it constant. The combination of ipsi- and contra-algorithm has an interesting feature: this combination allows us to establish and maintain a certain GSD between subsystems, to keep it constant and to regulate it depending on environmental conditions. Here, the contra-algorithm plays a role of a stabilizer (negative feedback), while ipsialgorithm plays a role of the GSD regulator (Geodakyan, 1987). The ipsi-contra combination has a general cybernetic significance for all cases, when it is necessary to create and then maintain a certain "distance" between subsystems. This scheme underlies another fundamental phenomenon of neurobiology, which so far does not have any explanation; i.e., the nerve crossover (control of body sides by contralateral cerebral hemispheres) (Geodakyan, 1993). A similar system should be involved in the control of SH in the male and female sex.

We can pose a question: what would be the sequence of action of algorithms necessary to provide for asynchronous evolution? (1) In order to provide for the evolution of only the male sex during the divergent phase, so that GSD would appear and then increase, new information from the environment should get only into the Y-chromosome, since it is quite evident that the goal of the divergent phase; i.e., delivery of new information to the male genome and its accumulation there in the form of GSD for the initial testing, can be realized only through the Y-algorithm. (2) In order for both sexes to evolve during the parallel phase in the presence of constant GSD, it is necessary to have a mechanism for the outflow of new information from the Y-chromosome to the female genome. This can be achieved only by the contra-X-chromosome. (3) In order for the female sex to evolve during the convergent phase, so that GSD would diminish and disappear, it is necessary that the inflow of new information from the environment to Y-chromosome would stop, while its outflow to the female genome would continue.

Evolutionary route of genes through chromosomes.
Since any testing of a gene in the Y-chromosome requires many generations, the new gene should stay there for the necessary period of time and only then have an opportunity to leave the Y-chromosome. In the process of partial conjugation of the X- and Y-chromosomes in animals, just as in plants (guppy, melandrium), only a part of genes is present in the conjugating region (Winge, 1927; Kirpichnikov, 1935; Grant et al., 1994). If new genes would be coming directly to this region, they would have a chance to be immediately transferred to the female genome; however, this should not be allowed on the basis of ETS strategy. Therefore, the "entry point" and the "exit point" of the Y-chromosome should be at some distance from each other. And the time that is necessary for the gene for movement along Y-chromosome in order to get to the region, which conjugates with the X-chromosome, will be equal to sexual dichrony time. Therefore, only genes that passed through their "probation" in the Y-chromosome enter the conjugating region and may be transmitted by an unequal crossing-over between the Y- and the X-chromosomes into the female genome. The situation in the X-chromosome appears to be similar to that in the Y-chromosome. The entry point and the exit point are at some distance from each other, and, therefore, moving along the X-chromosome, the "young" gene in a hemizygous state is subjected to a second testing period in male genome (Fig. 3). Therefore, each new gene, before it moves into an autosome, passes a double check in SC: first, during the divergent phase in the Ychromosome, then during the parallel phase in the X-chromosome. But since recessive X-genes are expressed only in males, it is the male sex that is subjected to selection.

Thus, we can try to draw a general deductive-hypothetical picture for the sequence of transfers of the new gene along chromosomes; however, so far, one step of this route (shown in brackets) is not clear. In the course of the appearance of a new gene, this is: environment → cytoplasm → Y → cXm → cXf → (iX) → A, and for the gene no longer necessary, which is lost (when it became unnecessary or harmful), the sequence is A → iX → cXf → kXm. Therefore, just as there exists dichronomoprhism of traits in sexual differentiation, autosomal-gonosomal differentiation should be associated with oligochronomorphism of genes; i.e., three or four different times of appearance and the corresponding number of forms (Y, cX, A, and iX) of the same gene. Here, vectors of evolution of chromosomal oligomorphism (iX → A → cX → Y), just as in the case of SD (f → m), always have a direction opposite to the flow of information and can serve as an evolutionary "compass" (Fig. 2). Knowing the routing of genes, we can find out the principle of their localization in chromosomes.

Fig. 3. The hypothetical schematic representation of the route of a new gene through sex chromosomes during the divergent phase of trait evolution.
E—environment (cytoplasm). Chromosomal regions: a, c, e, g —entries of chromosomes do not participate in crossing-over; b, d, f —exits of chromosomes participating in non-equal crossing-over and translocation of genes to autosomes. Gene transitions: (1) from the environment to Y chromosome (mutagenesis); (2) along the Y chromosome from the nonconjugating (a) region into the conjugating one (b); (3) nonequal crossing over Y → cXm; (4) along the length of cX chromosome in male and female genome; (5) vertical cX algorithm (father → daughter); (6) unequal crossing over cXm → iX; (7) along the iX chromosome; (8) translocation (plasmids, viruses) and iX chromosome → autosomes; (9) along the length of autosomes.

Which genes are located in autosomes and which in sex chromosomes?
The classical theory does not give a clear answer to this question, although it is implied from the naming of chromosomes (sex chromosomes, gonosomes) that SC should contain genes coding for traits associated with sex and reproduction, while autosomes should code for nonsexual somatic traits; i.e., localization should be based on the reproductive criterion. The new concept gives a clear answer: SC should contain genes of evolving traits, while autosomes would contain genes of stable traits; i.e., the criterion here is evolutionary. Thus, according to the classical theory, somatic mutations should be in autosomes, while genes coding for primary sexual characters should be in SC; now, according to the new concept, all this should be the other way around: somatic mutations should be located in SC, while genes coding for sexual characters should be in autosomes (see Table 2).

Dichronous evolution implies that the gene pool of a DE population should contain three groups of genes with different evolutionary "age" and different localization in chromosomes of two sexes. (1) Strictly male Y-genes (coding for "futuristic" traits; i.e., the new ones, young ("good for tomorrow"), which have appeared in males, but have not yet been subjected to testing) did not enter autosomes and did not yet become "common property" of both sexes. (2) Common genes (functioning, actual, "genes of today") representing the main bulk of the genome, autosomal genes present in both sexes. (3) Strictly female X-genes (old, that already finished their life in autosomes, "genes of yesterday") that have already been lost by the male sex but are still kept in the female and are expressed as atavistic traits. The need to postulate the existence of such genes follows, first, from the theory and then from several known phenomena and facts (anthropological studies) that can hardly be explained otherwise. These genes appear to be located in a special region of the X-chromosome, and they can be moved into the male genome only for elimination.

Table 2. Genes of characters located in autosomes (A) and in sex chromosomes (SC) according to the classical vs. new theory.
	Localization of genes
 according to the theory
	Traits

	
	stable
	evolving

	
	somatic
	sexual
	somatic
	sexual

	Classic

New

SD
	A

A

—
	SC

A

RSD
	A

SC

ESD
	SC

SC

RSD+ESD


Since the traits present in gonosomal genes are evolving, while they are stable in autosomal genes, the G/A ratio reflects the evolutionary plasticity of the genome. In a population that lives for a long time in a stable environment, there should be no gonosomal genes (G/A = 0). And it is not ruled out that X0 species are those species, which after the loss of Y-genes in the stable environment have also lost the Y-chromosome. And vice versa, the more variable the environment, the higher G/A ratio. Thus, there is an equilibrium [A] ↔ [G] (analogue SR: [F] ↔ [M]) dependent on the environment, which is displaced to the left in the optimal environment and to the right in the extreme environment. It should be reminded that when populations interbreed, the autosomal genes become mixed in F1  offspring, while SC remain separate throughout the period of sexual dichrony (see Fig. 4).

Fig. 4. Autosomal (A) and gonosomal (G) genes

Abscissa: genotypes (G) for a given trait; ordinate shows their frequencies (v) in the population. (1) In the population that lives for a long time in stable environment, all genes are located in A, and therefore distribution curves of male and female genotypes coincide (G/A = 0, GSD = 0, PSD = 0, "genes of tomorrow" and "genes of yesterday" are absent, the trait is stable and there is no reciprocal effect). (2) In the population existing in variable environment; in addition to A-genes, there are also G-genes: male (Gm) and female (Gf), therefore evolutionary plasticity (G/A) and GSD are not equal to 0, the trait evolves, and reciprocal effects may be present). (3) After interbreeding between populations a and b, the barrier hetween A-genes (dotted line) disappears; i.e., in F1 hybrids, A-genes are intermixed. The barrier between G-genes (thick lines) remain throughout the period of dichrony. Therefore, two types of GSD may exist in reciprocal hybrids of both sexes (mule, hinny).
Evolutionary logic of autosomes and sex chromosomes.
Autosomes serving as the conservative memory in the genome (an analogue of the female sex) and as the repository of genes common for both sexes are for conservation. In evolutionary terms, they are the oldest chromosomes, present even in asexual forms. They contain fundamental species-specific information and perform more ancient programs; i.e., REP and REC. Being transmitted stochastically and supporting maximal diversity of genotypes, they are optimal for the realization of programs of the sexual process, with the best result in hermaphrodites (HP). In this sense, they are "recombinational."

Sex chromosomes serving as operative memory or test subsystem of the genome are targeted for change (analogue of the male sex in a population). Just as the new trait does not appear in the female phenotype with-out being tested in the male, similarly to that, a new gene will not show up in autosomes without being tested in SC. The main purpose of SC is to establish dichronomorphism for the effective evolution. In the course of phylogeny, SC appear later than the DE state; i.e., they are significantly younger than autosomes. By triggering and performing the program of differentiation, they produce two conservative/operative subsystems in the population and distribute the roles between them depending on the underlying polygamy-polyandry. For this purpose, they give to the monogamous sex a broader reaction norm, while the more polygamous sex receives a more narrow reaction norm irrespective of the type of gametes (Geodakyan, 1974). This produces two segregated and dichronously evolving subsystems separated by informational barriers. By controlling the rate of horizontal transitions (along chromosomes and between them), this provides for proper scheduling and dosing for the flux of new information into female genome. SCs contain predominantly evolving genes, both being acquired and being lost. Their functioning is directed against recombination (forbidden combinations of mm and ff); it reduces diversity of genotypes resulting from the sexual process by a factor of 2, and in this sense they are rather "anti-sex" than "sex" chromosomes. Therefore, in keeping with the purpose, it would be more logical to call them "evolutionary" chromosomes, and the same refers to SD, for which they provide a basis.

The Y-chromosome is a connecting link between the genome and environment (cytoplasm). Incidentally, it has been shown on Drosophila that it is the incompatibility of Y-chromosome of one race with the cytoplasm of the other (Ehrman, 1964) that is a criterion of reproductive isolation between different races. The Y-chromosome represent a "gateway" of new information to the genome. It transforms environmental information into genetic information; i.e., creates new genes. There-fore, this chromosome could he termed "environmental." The Y-chromosome triggers male sexual hormones and through them determines the reaction norm of the male sex; it contains "genes of tomorrow;" it contains the initiator, accelerator, and regulator of asynchrony and sexual dichronomoprhism; this is the first "testing ground" and "quarantine ward" for new genes.

The contra-X-chromosome is the transport vehicle of genes, a coupling link between the Y-chromosome and the female genome; i.e., it is the "transport" chromosome; it serves as a stabilizer, relaxer, and liquidator of sexual dichronomorphism during phylogeny. This is the second testing ground, where young genes present in hemizygous state in the male sex are tested during ontogenesis. For the same reason (they are subject to intense selection), this chromosome possibly serves as a site of elimination of genes, which are coming from autosomes and are no longer necessary.

The ipsi-X-chromosome (or its region) should be primarily associated with determining sex hormones and the reaction norm of the female sex; depending on the type of polygamy, it is a repository of strictly female genes. The proportion of modificational genes for quantitative traits should be higher in the X-chromosome. The evolutionary interpretation of chromosomes allows us to solve another important problem related to sex.

THE RIDDLE OF SEXUAL DIMORPHISM

The main characteristics of AS population include: the number of individuals (N), variance (σi), and mean genotype (X–i) with respect to trait i. In DE populations, they are doubled but again can be reduced to three: Nm / Nf = SR, σm / σf = SV, Xm / Xf =SD. And since SR is nothing else but SD with respect to abundance, and SV is SD with respect to variance, then the problem of the DE state is in essence reduced to the problem of sexual dimorphism (in the broad sense).

In fact, the only explanation of SD emergence in evolution may be found in the theory of sexual selection (Darwin, 1953). But, in his explanation of the general phenomenon of SD resulting from a particular mechanism of sexual selection, Darwin made a methodological mistake. The interpreting theory should always be broader than the interpreted phenomenon. This mistake explains the weakness of his theory. It could not explain the existence of SD in plants, where sexual selection is absent, and in animals it could not predict anything with respect to traits unrelated to sexual selection. Other authors have attempted to explain mechanisms of appearance and conservation but did not raise any questions about the evolutionary functions of SD that would uncover some principles. What in fact is SD? What is its evolutionary significance? What does it give and what does it suggest? Is it associated with other phenomena? If yes, then how? None of the existing theories answers these questions (Geodakian, 1985; Geodakyan, 1986).

EVOLUTIONARY SEXUAL DIMORPHISM

The evolutionary theory of sex considers SD not to be a monomorphic phenomenon but to consist of the main reproductive SD (RSD) and earlier unknown evolutionary SD (ESD) predicted by the theory and appearing at the beginning as the consequence of the modificational changes of female SD (MSD), which then replace selectional SD (SSD) in the male sex.

RSD is a permanent, constitutive, baseline dimorphism with respect to primary and secondary sexual traits different in the male and female sex and having direct relation to reproduction (gametes, gonads, genitals, androgen~strogen ratio, and all traits determined by them: reaction norm, mammary glands, beard in man, lion's mane, heel of cock, etc.). These are fundamental species-specific traits, the genes of which, according to ETS, should be present in autosomes; i.e., they are common for the two sexes. And since there cannot be any GSD for common genes, the reproductive SD is hormonal; i.e., phenotypic. It appears in embryogenesis and remains constant in ontogenesis and during phylogeny. Its function is to set up programs for the two sexes (Table 3).

Table 3  Structure of sexual dimorphism, characteristics of forms.

	Characteristic
	Sexual dimorphism (SD)

	According to SD form
	Reproductive (RSD)
	Evolutionary (ESD)

	According to ESD phase
	
	Modificational (MSD)
	Selectional (SSD)

	According to basis (determine)
	Phenotypical (PSD)
(common genes, different hormones)
	Genotypical (GSD)
(different genes and hormones)

	Localization of gene basis (commonality)
	Autosomal
(common for male and female sex)
	Gonosomal
(different for male and female sex)

	May be according to traits (examples)
	Sexual, reproductively stable (gametes, gonads, genitals, mammary glands)
	Any adaptive (thickness of fat layer, thickness of fur, learning ability, etc.)
	Any evolving (size, proportion, amount of selectable traits)

	Result of the change (mechanism)
	Male and female sex in embryogenesis
(differentiation)
	Female sex in ontogenesis

(modifications)
	Male sex in phylogeny

(elimination, selection)

	Rank (ratios).

Dependence
	Constitutive (primary). 
Independent
	Intermediate (secondary). 
Depends on RSD
	Facultative (tertiary). 
Depends on RSD and MSD

	Time of existence
	Permanent in phylogeny
	Appears during each new ontogenesis
	The phase of trait evolution in phylogeny

	Goal, function, purpose
	To create two sexes
	To remove female sex from the areas of selection
	To provide for dichronous evolution of the male sex


MSD is a temporary or facultative (limited to onto-genesis) dimorphism that originates as a result of change in the female sex and that has a broader reaction norm and increased phenotypical plasticity. It precedes evolution of any adaptive trait, and the wider the reaction norm for the trait, the higher the associated SD. The purpose of MSD is to protect the female sex from selection for the time of dichrony, until new genes appear that have been tested in male genome. An example of such dimorphism is found in adaptations of females living in the Arctic and having thick layer of subcutaneous fat, short legs, high mineralization of skeleton not only in comparison with "their own" men, but also with females of the control group (Alekseeva, 1975).

ESD is the most facultative SD, since it can exist only in the presence of the two other dimorphisms; it is temporary (on the time scale of phylogeny, for the time of trait evolution), and it may occur for all evolving traits, whose genes (strictly male or strictly female) are located in SC. Therefore, it is genotypic in nature. It always appears in evolution of any trait representing a “distance” between sexes in conjunction with any selection (natural, sexual, artificial) as a result of anticipatory change of the male genome. The purpose of ESD is to create dichrony for effective evolution. The ESD vector (from the female form of the trait to the male one) corresponds to the direction of trait evolution. The female form of the trait indicates the past state, while the male form indicates the future state.

Any population that exists in the stable environment for a long time has only RSD. ESD equals zero, and MSD is only of a variational nature, since the phenotypic variance of the male sex in a stabilizing environment is greater than that of the female sex. If the reproduction-related trait is evolving, then SD for this trait may be double; i.e., both RSD and ESD (see Table 2).

If new information (In) has already entered the male sex but did not yet enter the female, or old information (Io) has already been lost by the male sex but is still retained in the female, their sum total equals ESD. Therefore, information contained in the male genome is Im = Ic + In , while in the female genome, it is If = Ic + Io , where Ic is common information present in both cases. It should be pointed out that when two populations interbreed (races or ethnic groups), the common information undergoes mixing after the first cross, while the new and the old information remain segregated throughout the period of sexual dichrony.

This view easily explains differences of interspecies, interrace or interethnic reciprocal hybrids associated with the direction of crosses, since in reciprocal hybrids only Ic is identical, while In and Io are received by them from different forms (e.g., the mule and the hinny). If offspring received identical genetic information from the father and mother, then no reciprocal effects would have been present. As has already been mentioned, RSD defines the hormonal status and SD in terms of the reaction norm. But specifically, why is the reaction norm narrow in the male sex? and Is it the male sex that has operative specialization? Can it be the other way around?

Inversion of sexual dimorphism in polyandry.
Polyandry; i.e., the phenomenon when the female is mating with several males; i.e., has a higher reproductive index (the number of realized gametes) as compared with male, is found in invertebrates, fish, birds, and mammals. This is often associated with inversion of SD (females are larger than males and have bright color, males make the nest, hatch the eggs, and take care about the litter, there is no fight for the female, etc.). In the case of polygyny, the picture is reverse. This implies that the direction of SD and also of asynchrony and the ratio of rates of sex evolution depend on the direction of polygamy or the ratio of the reproductive indices of sexes. In monogamous species, the indices of males and females are identical; i.e., the number of fathers and mothers is similar, then the variances of Y-chromosomes in sons and of maternal X-chromosomes in daughters are also identical. In the case of polygyny, when there are fewer fathers than mothers, this variance is lower in sons than in daughters. In the case of polyandry, the picture is inverse, since the variance of the Y-chromosome in sons is proportional to the number of fathers, while the variation of maternal X-chromosomes in daughters is proportional to the number of mothers. On the other hand, in order for SD with respect to the reaction norm to precede the evolution of any trait, the width of the reaction norm should be determined by sex hormones (according to EDS, sex hormones are the substances, which regulate the "distance" between the system and the environment: andro-gens makes this distance shorter, while estrogens increase it). Moreover, it is known that the Y-chromosome triggers the synthesis of testosterone, and its concentration determines SD.

All this provides a basis for the hypothesis that the reaction norm is determined by sex hormones and that its width is inversely proportional to the concentration of testosterone in the body. Then, putting these inductive and deductive conclusions together, we would be capable of constructing a causal relationship and to relate the direction of ESD; i.e., the ratio of evolutionary rates of the male and female sex (Em/Ef) with the ratio of their reproductive indices (Pm/Pf). Pm/Pf ~ Nmothers /Nfathers ~ σX/σY ~ Tm/Tf ~ Hf/Hm ~ Sm/Sf  ~ Em/Ef ~ ESD, where N is the number of individuals in the population; σY , σX , variances of Y-chromosomes in sons and maternal X-chromosomes in daughters; Tm, Tf  —testosterone levels; RNm, RNf —reaction norms; Sm, Sf, selection coefficients; ~ sign of proportionality.
Consequently, the more polygamous sex always receives the role of evolutionary "avant guard," while the monogamous sex is always at the rear. The higher the polygamy index, the higher may be the ESD (in strictly monogamous forms, ESD equals 0, and therefore SD is minimal). All three forms of mating relations may be present in panmictic population: monogamy-full sibs are born (FS); polygyny-paternal half-sibs (PhS), and polyandry-maternal half-sibs (MhS). Their concentrations in the population are defined by an equilibrium [PhS] ↔ [FS] ↔ [MhS] and are controlled by environmental conditions: Under optimal conditions, the equilibrium is displaced to the right, thereby increasing the evolutionary stability of the population, while under the extreme conditions, it is displaced to the left, thereby increasing the evolutionary plasticity of the population.

Now, why does polygyny widely occur in nature, and why is polyandry more exotic? This is explained by a potentially greater reproductive opportunities of the male sex (due to the larger number of gametes). In fact, polyandry as such cannot exist; in the best case there is oligoandry, since the opportunities of the female sex in this respect are limited.

Evolution of sex determination. Hormonal and psychological aspects of sex.
Originally created in evolution as a purely reproductive (recombinational) event, sex gradually acquired evolutionary functions. Concomitantly, sex determination was consistently undergoing transition from the gene level (in HP) to the chromosomal level (in DE forms, beginning probably with fish) and the genomic level (in the honeybee). The degree of differentiation was increasing in parallel, and SD was undergoing "expansion." It is absent in AS forms; in HP, SD exists only at the level of primary sex characters (gametes, gonads); in monogamous DE forms, there is also SD at the organism level (secondary sex characters); in polygamous RP forms, SD appears at the population level, including SSD in terms of numbers (SR) and variance (D), while in the honey bee (and possibly in other social insects), there is, in addition, SD at the genomic level (haploidy, diploidy) and new conservative-operative differentiation into casts, with two different environment-related subsystems. They include drones from other (rich) families bringing in the genetic information (from the near environment) and working bees (from the far environment). Therefore, from the point of view of ETS, working bees being genetic females perform the function of the second environmental (male) sex, and the mode of reproduction in the honey appears to be more advanced from the evolutionary standpoint. As concerns the fish with dwarf males, the second differentiation took place at the level of male genome, but this is needed for the delivery of environmental information into the female sex from two different environments (sea and river).

This ideology allows us to identify the environmentcoupled subsystem in ontogenesis and at other levels of sex realization: gene level → hormonal level → the level of psychology. This leads to a new interpretation of androgens (a) as an environmental hormone "bringing the system closer" to the environment, while their antagonists, estrogens (e), insulate or protect the system from the environment. At the behavioral, psychological level, the environmental subsystem, an analogue of the male sex, is found in lefties (l), while right-handed individuals (r) are the equivalent of the female sex. Therefore, by analogy with SD (m/f), a/e and l/r ratios (percentage of left-handed individuals) regulate the distance from the environment and therefore also evolutionary plasticity, which should diminish under optimal conditions and increase under the extreme conditions (Geodakyan, 1997).

TESTING AND CONFIRMATIONS OF THE THEORY

ETS allowed us to make several successful predictions; from a common point of view, it successfully explains and interprets a large number of phenomena and facts that were not explained before. For example, evolution of most vertebrate species was accompanied by an increase of their size, while many species of insects and spiders in contrast were becoming smaller. Now, according to the theory, males should generally be larger than females in big vertebrates and smaller than females in small forms of insects and spiders. This prediction of the theory has been completely confirmed. The same trend is observed among mammals, primates, and in other taxons.

Another confirmation of the theory comes from the more advanced character of the male sex, as compared with females, with respect to all traits important in selection for cultural plants and domestic animals. Males yield much more meat, and it is of better quality than in females, cost of food for them is higher and as well as their growth rate. In sheep-breeding, fur breeding, horse-breeding, deer-breeding, silk industry, and hemp production, male individuals are superior to females in all properties important for selection.

As concerns the characters that are typical for the phenotype of only one sex, the theory may be tested on the basis of reciprocal effects, because it predicts the presence of the "paternal effect" (domination of father's characters) in reciprocal hybrids for all traits, which evolve divergently (here we refer to divergence of populations rather than of sexes), including strictly female traits. For convergent evolution, ETS predicts the maternal effect, but since divergent evolution is widespread in nature (multidimensional ecological niches of the arid zone and tropical areas), while the convergent evolution is a rarity (monomeric niche of the Arctic), the maternal effect is an exotic phenomenon. The paternal effect has been established with respect to alcoholism in man; with respect to the instinct of hatching, time to maturity, egg production, and live weight in hens; with respect to growth rate, the number of vertebrae, and the intestinal length in pigs; with respect to milk production and production of milk fat in cows; etc. The paternal effect with respect to milk and egg production is a reflection of a higher genotypic "productivity" in bulls and in cocks as compared with cows and hens of the same varieties (Geodakyan, 1981, 1989).

The views of ETS about segregated nature of the new and old information over many generations, taking into account historical processes of mixing various ethnic groups, such as migrations (both sexes from both ethnic groups participate), conquests (men are conquerors and both sexes in the conquered group), resettlement of females of the conquered ethnic group to the conquerors territory (two female ethnic groups, one male ethnic group), allow the explanation of another group of phenomena in anthropology. A phenomenon that remained without explanation.

Using the technique of generalized portrait, a distinct SD has been found in the population of Turkmens: there is just one type of female portraits and only two types of male portraits (Pavlovskii, 1980). Similar phenomenon has been found in craniology of Bashkirs; there was a monomodal distribution of characters for female skulls and tetramodal distribution for male skulls (Yusupov, 1986). A similar pattern has been identified on the basis of dermatoglyphics, when females had a form of just one adjacent. ethnic group and men had a form characteristic of another adjacent ethnic group. This was observed for the Bulgarian population (Kavgazova) and for the Udmurt population (Dolinova, 1989).

But, perhaps, the most illustrative confirmation of EDS can be found in the museum of anthropology of Moscow State University—female and male skulls from caves Tabun and Skhul of mount Karmal. The first has still distinct Neanderthaloid traits (slated lower jaw, arcs, low skull fornix), the second has distinct Cromagnon-like features. No existing theory can explain these phenomena and facts.

A few words about localization of genes in autosomes and SC (Table 2). As mentioned earlier, there are 30 Y-genes and only one autosomal gene among genes responsible for color in the guppy. It is clear that these genes, as well as Y-genes responsible for hair growth on ears and membranes between toes in men, should be viewed as somatic mutations, since the guppy genes result from artificial selection for decorative traits, while the second group of genes appeared through somatic mutations, which have no relation whatsoever to the reproductive function. At the same time, genes of the "reproductive characters themselves," i.e., primary sex characters (gametes, gonads, genitals), are located in autosomes. Therefore, these facts are inconsistent with the classical theory and confirm the new concept; i.e., the "watershed" between the autosomal and gonosomal genes is according to the evolutionary criterion rather than according to the criterion of reproduction.

Direct experimental confirmation of the central idea of ETS first proposed in 1965 has been obtained in 1987. Since the number of cell divisions during spermatogenesis is far greater than the number of divisions in oogenesis and errors during replication and repair of DNA provide the main source of mutations for molecular evolution, it has been proposed that this may result in a higher occurrence of mutations in SC as compared with autosomes, and it has been proposed that males serve as a generator of mutations, at least in the evolution of mammals. Comparative studies of nucleotide replacements in autosomal genes, X-associated genes, and Yassociated genes in man, mouse, and rat has shown that, indeed, males are a chief source of mutations for the molecular evolution. Moreover, it has been established that the ratio of rates of gene evolution in Y and X-chromosomes: Y : A : X = 2.2 : 1 : 0.6 is in good agreement with the theoretically expected value 2 : 1 : 2/3 (Miyata etal., 1987).

A similar method was used in another study to compare Y/X ratios of replacement rates of nucleotide sequences in synonymous genes of man, orangutan, baboon, and squirrel monkey. It has been shown that Y-genes diverge faster and are more divergent than X-genes; in other words, also in higher primates, males are at the forefront of molecular evolution (Shimmin et al., 1993). There are many such studies. These experiments completely confirm ETS as a whole and the concept of chromosomes at the molecular level. The fact that the level of spontaneous and induced mutagenesis in heterogamete and homogamete males is higher than in females in Drosophila, silkmoth, mammals, and man has been established a long time ago and was repeatedly confirmed (Kerkis, 1975).

Since the new concept of chromosomes is nothing else but an isomorphic transformation of the same ideology from the populational level to the level of chromosomes, it can be asserted with certainty that these facts also provide convincing confirmation of the main points of concepts of chromosomes and SD.

WHAT CAN BE EXPLAINED AND PREDICTED BY THE NEW CONCEPTS

They lead to the revision of some, sometimes century-old views about SR, SC, SD, SH, and other phenomena associated with sex and fundamentally change-and sometimes contradict-them. For example, the main role of sex in progressive forms is not reproductive, as was thought earlier, but evolutionary; i.e., it creates dichronomorphism for economic evolution (even at the expense of reproduction!). It does not support the 1 :1 sex ratio and its constancy, but rather changes it (regulation). The new concept explains the significance of nonequal Y   X crossing-over and the intimate association of the Y-chromosome with retroviruses. Parts of DNA from X and Y mouse chromosomes were studied by the technique involving hybridization with retroviral DNA. DNA of murine retroviruses has been identified in Y-chromosomes of ten mouse strains, significantly differing from one another. All these sequences were not found in the X-chromosome (Philips et aL, 1982). A related phenomenon is the ability of the sperm of many species to bind foreign DNA and to transfer it to the egg during fertilization. The phenomenon of association of SV4O DNA to rabbit spermatozoa has been first described in 1971 (Brackett et aL, 1971). However, this discovery did not draw much attention. Later in experiments using virus particles and viral DNA, it has been confirmed and extended to other animal species (mouse, sea urchin, honey bee, hen, pig, cow, man). Studies using sperms to generate transgenic animals received wide attention (Kuznetsov et aL, 1996). The new chromosomal concept allows an important conclusion/prediction: foreign DNA (or viruses) will be bound not by all sperms but only by those, which carry Y-chromosome, therefore there should be more males among transgenic animals.

Another area intensely studied over the last three years and directly related to our chromosomal concept relates to bursts of mutations, insertional mutagenesis, and jumping genes. Our concept allows the explanation as to where the genes are jumping and why; why transposition of mobile elements is related to stress (temperature, gamma-irradiation, chemical substances, hybrid disgenesis, etc.); why different genes mutate simultaneously; where do we have to look for the source of mutations, in oogenesis or in spermatogenesis, in autosomes or sex chromosomes, in X or Y-chromosome, etc. As far as I know, such questions have not even been formulated.

The new chromosomal concept allows a different interpretation of many obscure phenomena listed at the beginning of this article. Thus, condensation of X-chromosomes (Barr's bodies), irrespective of the gamete type in the female genome should be interpreted not as a device to compensate the dose of genes (as has already been said, this leads to inconsistency), but as a barrier against spreading of new, not yet tested information in females. The euchromatic character of plant Y~hromosomes and nucleotide repeats spread in all chromosomes is explained by a relatively late evolution of sex differentiation in plants as compared with animals (Grant et al., 1994). If the nucleotide repeats are required for the formation of new genes (and before the appearance of SC such genes were "born" in all chromosomes), then the presence of scattered repeats in plant chromosomes reflects an earlier state of development of sex differentiation in them.

Then, the Y-chromosome as an "environmental" chromosome should be intimately associated with stress. This may explain several unexplained facts, such as a relatively bigger size of the Y-chromosome in certain ethnic groups (for example, in German Jews) or social groups (inmates) in man or its increased variation in rodents in areas with high seismic activity. (In the latter case, this is explained not by high level of radiation or radon concentration, as thought by authors, but simply by stress from frequent earthquakes). In this connection, we can predict that there should be a change in size and/or variants of Y-chromosomes in regions of strong and frequent earthquakes, other natural disasters, and social catastrophes: genocide, long wars, migrations, hunger, etc. This should also be the case for species which undergo intense evolution as a result of selection.

The interpretation of half-sibs presented above allows us to make a distinct experimentally verifiable prediction: in paternal half-sibs (offspring of one father and different mothers) viability tightly associated with the reaction norm should be higher among daughters, while in maternal haif-sibs it should be higher among sons.

This is a theoretical paper. It is mainly about evolutionary regularities rather than about specific realization mechanisms, which require special study. Here, it should be appropriate to propose that there should be an intimate relationship between mitochondrial DNA (and MSD) on one hand and Y-chromosomes (and ESD) on the other, since the Y-chromosome is a "gateway" (or generator) for mutations induced and directed by environmental differential rather than the gateway of spontaneous and random mutations.
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