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The problem of handedness is mysterious and complicated [1-3]. The prevalence of lefthandedness in populations varies from 1 to 18% or from 1 to 30%, according to different sources. In the 1980s, the proportions of lefthanded individuals in Lugansk, Moscow, and Armenia were 3.2, 3.4, and 6.0%, respectively. In another study, these proportions in the population of central Russia and in the immigrant and indigenous populations of Taimyr were estimated at 6.7, 10.2, and 33.8%, respectively [4]. The average prevalence in the modern human population is 10%. The prevalence of lefthandedness decreases with age; therefore, this prevalence must be higher in newborns. Some authors explain this by a decreased lifespan in lefthanded individuals; others, by the fact that many of them are retaught. Some authors believe that in prehistoric times, righthanded people also prevailed. Others think that in the Stone Age, the proportions of lefthanded and righthanded people were equal; in the Bronze Age, the prevalence of righthandedness was two thirds; and this proportion has been growing continuously. However, there is opposing evidence that the prevalence of lefthandedness is increasing. For example, this value for the English-speaking populations of Australia and New Zealand increased from 2 to 13% during the period from 1880 to 1969. Other data on the temporal and spatial variation of the prevalence of lefthandedness are known. Thus, for unknown reasons, it is higher in those who were born in autumn and winter.

If both parents are righthanded, one of them is lefthanded, or both are lefthanded, the prevalence of lefthandedness in their offspring is 2, 17, and 46%, respectively. A considerable proportion (20%) of twins are lefthanded. However, the concordance for monozygotic twins is no higher than for dizygotic ones, which is evidence against the genetic control of handedness. However, family lefthandedness has been described (the probability of lefthandedness depends on the presence or absence of lefthanded close relatives). Lefthandedness prevalence in newborns weighing less than 1 kg is higher than 50% [5].  Lefthandedness depends on sex: in newborn boys, its prevalence is 1.5 to 8 times (according to different sources) higher than in newborn girls.  In addition, its prevalence is higher in homo- and transsexual individuals of both sexes. There is evidence that an increased testosterone level during embryonal development increases the probability of lefthandedness.  The fitness of lefthanded individuals is lower: on the average, they have fewer offspring.  Lefthanded individuals display a higher frequency of accidents; wrecks occur more often with lefthanded drivers and pilots.

Lefthandedness is correlated with occupation.  Its proportion is increased among artists (actors, painters, architects), the best tennis players, boxers, fencers, baseball players, and factory workers.  A high prevalence of lefthandedness has been revealed in geniuses, as well as in alcoholics, imbeciles, and illiterates.  Alexander of Macedonia, Julius Caesar, Charlemagne, Napoleon, Jeanne d'Arc, Benjamin Franklin, Leonardo da Vinci, Michaelangelo, Picasso, Chaplin, Maxwell, Poincare, Pavlov, Lewis Carroll, Leskov, several famous comic actors, four out of the five last presidents of the United States, and many other outstanding people were or are lefthanded [1, 2].

Handedness is related to cerebral functional asymmetry and different behavioral and mental characteristics.  This problem is important for many scientists, including neurobiologists, psychologists, embryologists, geneticists, evolutionists, anthropologists, sociologists, and psychiatrists, as well as for doctors, teachers, parents, and politicians.  However, many aspects of this problem remain unclear.  First of all, what is handedness for?  What are the biological role and the evolutionary importance of lefthandedness?  Is it adaptive and in which way?  Why is it correlated with sex [3]?  These are stumbling blocks for all theories in this field.

Next, what is the mechanism of handedness?  What is the fundamental difference between lefthanded and righthanded individuals?  How is their ratio in a population regulated, if at all?  If the fitness of righthanded individuals is higher, why they do not supplant the lefthanded?  Why are the proportions of lefthanded individuals higher among both geniuses and imbeciles?  Why do some diseases more often affect left organs, and others, right organs [6]?  Why, in women, do aphasia and apraxia more often result from patholological changes of the anterior parts of the left hemisphere, while in men, they result from pathologies of its posterior part [7]?  Why, in the case of the specialization of paired organs, is the new function acquired by the right organ, and the old function preserved in the left one (and the opposite is true for cerebral hemispheres) [3, 8]?

Different views on lefthandedness exist.  Some researchers consider it to be a pathology unconditionally.  They think that lefthandedness results from either prenatal brain damage or a birth injury.  However, most researchers believe that only some cases of lefthandedness are explained by pathology, whereas the majority of cases are "natural," hereditary lefthandedness [1].  The "damage" models of lefthandedness are widely spread, which led to studies on cognitive capacities in lefthanded and righthanded individuals.  However, the results obtained are contradictory-some researchers concluded that cognitive capacity is higher in righthanded individuals; others, that they are higher in lefthanded ones or that lefthanded and righthanded individuals do not differ from each other in this regard [2].

None of the existing theories pays attention to the adaptive importance of handedness; therefore, none of them can explain the whole phenomenon and answer the aforementioned questions.

We believe that the problem of handedness can be solved in terms of the concept of differentiation isomorphism "sex-asymmetry" [3, 8].  We consider differentiation of a population into sexes, a bilateral organism into the left and right halves, a forebrain into hemispheres, a genome into autosomes and gonosomes, a human society into righthanded and lefthanded individuals as isomorphic, i.e., conservative-and-operative specializations that ensure an economic informational interaction of the adaptive system with the environment and the efficient evolution of this system.  These specializations are the results of evolutionary progress (they originated from nondifferentiated forms).  All of them resulted from asynchronous evolution; i.e., their operative subsystems (the male sex, the right half of the body, the left hemisphere, gonosomes, lefthanded individuals) change earlier than the respective conservative subsystems.  These dichronisms determine the sexual (SD), lateral, chromosomal, and mental dimorphisms, ensuring an evolutionary "distance" between the subsystems, which is necessary for searching and testing novations.  In the framework of the isomorphic theories of the asynchronous evolution of sexes (TAES) [9, 10] and brain (TAEB) [3], we demonstrated the adaptive nature and determined the general evolutionary patterns for these differentiations.  In terms of these theories, we suggested a new concept of sex chromosomes, which revealed the mechanisms of sex differentiation [11].

In this study, we suggest a noncontradictory concept of asymmetry of paired organs (handedness), which is isomorphic to the TAES and TAEB.  Similar to these two theories, the theory of handedness explains the adaptive nature of this phenomenon; it elucidates the origin and the mechanisms of the control and regulation of asymmetry; and thus answers the aforementioned questions.

For each of the three spatial coordinate axes, denote symmetry as s and asymmetry as a. Four types of organismal symmetry are theoretically possible acc, aac, and aaa.  The former three types are well-known and form a regular evolutionary sequence: spherical  radial  bilateral. This order corresponds to the order of their emergence in nature and increasing morphological complexity.  However, the last type (aaa), i.e., triaxial asymmetry, was previously either put at the beginning of the sequence or was entirely absent [3], which was "phylogenetically illogical."

In terms of Darwinian adaptogenesis, characteristics of symmetry, like all other morphological and functional traits, are determined by environmental conditions.  The unicellular and lower multicellular organisms floating in the depths of water have the maximum possible spherical symmetry.  Attached, low-mobile forms (plants and coelenterates) have radial symmetry.  Fish and crustaceans, as well as the most progressive forms, i.e., mammals, birds, and insects, have bilateral symmetry.  This trend towards asymmetrization can be followed in phylogeny and embryogenesis of both organisms and some organs (e.g., brain and flower).

Extending the evolutionary logic of the sequence ccc  acc  aac, the increasing number of examples of asymmetry in progressive forms, the close relationship of asymmetry to sex, and the direction of SD allowed us to advance the hypothesis on further asymmetrization of modern progressive forms, which must result in the transformation of bilateral symmetry to a triaxial asymmetry (aac  aaa) [3].

The lateral asymmetry of an organism includes (1) morphological asymmetry, concerning the location, shape, and orientation of nonpaired organs (e.g., the heart and the stomach) and (2) a more complete, morphofunctional asymmetry of paired organs expressed as lateral dimorphism (LD).  In a pair, one organ is dominant or driving, and the other is subordinate or driven.  Sometimes the organs are identical; in the case of hands, this is ambidexterity.  Typically, the dominant organ has larger bones and muscles, and it fulfills its functions better (and thus is preferred).  Among human paired driving and driven organs, the cerebral hemispheres and hands, respectively, are most interesting.  They are the best known and most asymmetric.

The clue to the problem of asymmetrization is in the pattern of the control the cerebral hemispheres over paired organs.  In the case of bilateral symmetry, there are two types of connections between them: the ipsilateral connection via the carotid arteries (A") and the contralateral nerve connections (Hx).  During the transition to triaxial asymmetry, fundamentally new, ipsilateral nerve connections (H") emerge.  The roles of the Hx and H" connections may be revealed by analogy with the isomorphic algorithms of the transfer of sex chromosomes [3, 11, 12].  In the latter case, the father's Y chromosome is transferred only to a son (the ipsilateral pathway), and the X chromosome, only to a daughter (the contralateral pathway).  The combination A" + Hx, forming a negative feedback, preserves the symmetry of paired organs in bilateral organisms (LD = 0).  The newly developed H" -connections ensure a nonzero LD value, with the combination A" + Hx + H" determining this value and maintaining it at a constant level.  The appearance of a nonzero LD indicates an asynchronous evolution of paired organs.  Comparison of the SD and LD vectors for the same trait allows a "vanguard" subsystem of paired organs to be determined.  Regarding the controlling organs, this is the left cerebral hemisphere; regarding the controlled ones, these are all right organs.  Abundant experimental data on asymmetry in cetaceans agree with this theoretical suggestion - any changes usually appear on the right side of body.

Consider the same problem at the population level.  "Sex-asymmetry" isomorphism infers that lefthandedness must be analogous (similar or related) to one sex, and righthandedness, to the other.  Lefthandedhess varies considerably phenotypically, is closely related to the environment (and, hence, with selection), determines low fitness under the existing conditions, and is directed to the future; its prevalence is higher in newborn boys and decreases with age.  These and some other characteristics of lefthandedness suggest that lefthanded individuals constitute the operative subsystem of lateral differentiation and are analogous to males.  Conversely, righthanded individuals constitute the conservative subsystem (an original, basic, or regular state) and are analogous to females.  Therefore, at the population level, evolutionary novations must originally appear in lefthanded individuals and are then transferred to righthanded ones.

At first glance, this conclusion seems to contradict our suggestion that right organs are an evolutionary vanguard at the organismal level.  However, there is no contradiction.  Differentiations of a population into lefthanded and righthanded groups and an organism into left and right halves yield four types of paired organs (in the given case, hands, namely, right and left hands in each righthanded and lefthanded individual.  Therefore, the only logical conclusion fitting the known data for the organismal level and the theoretical notions for the population level is the following: Evolutionary changes must emerge in the right organs of lefthanded individuals and then be transferred to the right organs of righthanded ones.  Therefore, mechanisms must exist that increase the lability of behavioral traits and transform them to ensure the reception of environmental information by the right hands of lefthanded individuals, its transformation into the population LD, and the subsequent transfer to the right hands of righthanded individuals.

It is known that differentiation into two sexes ensures the population-environment informational contact that is optimal for effective evolution.  Similarly, differentiation into right- and lefthanded individuals ensures the optimal conditions for the evolution of behavioral and mental traits.

In the course of evolution, two behavioral (mental) patterns have developed for the two contrasting types of environment, optimal (stable) and extreme (changing).  These are the conservative pattern or preservation mentality, which is analogous to the female sex and is associated with righthandedness, and the operative pattern or exploration (reforming) mentality, which is analogous to the male sex and is associated with righthandedness.  The sex ratio (M/F) determines morphological and physiological plasticity and, hence, the evolutionary reactivity of the population.  Special regulatory mechanisms change this ratio depending on environmental conditions [9, 10].  By analogy, a mechanism must exist for the environment-dependent regulation of the ratio between left- and righthanded individuals (L/R) in a population, which ensures the mental and behavioral evolutionary plasticity of the population.  To reveal this mechanism, we should elucidate in what way (1) an extreme environment increases the incidence of lefthandedness and (2) lefthandedness favors novations in paired organs.

In humans, the LfR ratio is determined during the first trimester of embryonal development.  According to TAEM, the operative subsystem of the brain (the left hemisphere) is dominant in an optimal environment; however, it is also more sensitive and vulnerable (an analogue of the male sex).  The conservative subsystem (the right hemisphere) is subordinate; however, it is better protected from the environment and more stable (an analogue of the female sex).  Therefore, under optimal conditions, a normal blood supply to the left hemisphere of an embryo results in regular (standard) righthandedness through contralateral connections.  Under extreme conditions, any ecological or psychological stress in a pregnant woman induces embryonal hypoxia, suppresses the left hemisphere, and results in the dominance of the right hemisphere and, hence, lefthandedness.  This inversion of dominance may occur in any paired organs (feet, eyes, kidneys, etc.). The more organs that are inverted, the more pronounced is the lefthandedness of the entire organism.  In the majority of people, the left hemisphere is dominant, irrespective of handedness (e.g., the speech center of more than 95 and about 80% of right- and lefthanded individuals, respectively, is located in the left hemisphere [13]).  Therefore, in righthanded individuals, the dominant sides of the brains and paired organs are located contralaterally, while in lefthanded individuals, all inverted organs are located ipsilaterally relative to the brain.  This is the fundamental difference between right- and lefthandedness.  It has been demonstrated [14] that the systolic blood pressure in the ophthahnic artery is usually higher on the right side, higher on the left side, and equal on both sides in righthanded, lefthanded, and ambidextrous individuals, respectively.  Therefore, the arterial pressure in the dominant cerebral hemisphere must also be higher.  In this case, lefthandedness (a higher functional load on left organs) improves the blood supply to the dominant left hemisphere (which is, according to TAEM, the creative and exploratory. hemisphere).  This favors novations in the right hand of the lefthanded individual, i.e., creates or increases LD and asymmetry.  Conversely, righthandedness improves the blood supply to the subordinate hemisphere; this decreases LD, evens the hands, and increases symmetry.  Therefore, the probability of novations is higher for the right hands of lefthanded individuals.  In the next generation, these novations may appear in righthanded individuals as a new norm.  Thus, in the case of lefthandedness, the dominant hemisphere controls the subordinate hand (or other organ) through a contralateral connection; this provides the necessary conditions for novations.

Therefore, all three types of asymmetry that have successively appeared in the course of evolution are adaptations to the anisotropy of three environmental informational fields: gravitation (the up-down asymmetry); space (the front-back asymmetry exploiting the advantage of directed active locomotion, with receptors and the brain located at the fore end of the body); and time (the left-right asymmetry ensuring the possibility of testing the novations on the operative subsystem).

This hypothesis provides common grounds for the explanation of various phenomena.  For example, the high prevalence of lefthandedness in twins and individuals with low weight at birth may be explained by physiological hypoxia, and in inhabitants of Taimyr, by latitudinal hypoxia.  The strong correlation between lefthandedness and sex (a fivefold excess of men among lefthanded, dyslexic, stammering, strabismal, and other individuals whose abnormalities are related to cerebral asymmetry) may be explained by the higher sensitivity of men compared to women.  The high proportions of lefthanded individuals and males among prominent people and geniuses, as well as among imbeciles, may be accounted for by the fact that phenotypic variation in lefthanded individuals is wider than in righthanded ones, and wider in men than in women.  The advantage provided by lefthandedness in tennis, boxing, and fencing is commonly explained by their "inconvenience" for the adversary.  However, in this case, the inconvenience is mutual.  In addition, one can train taking into account the handedness of the adversary.  The true reasons are different.  Firstly, lefthanded individuals have a better reaction time, because the right hand is controlled by the slower (rational) left hemisphere, while the left hand, by the quicker (automatic) right hemisphere [15].  Secondly, the resistance of the right hemisphere to stress is important under the stressful conditions of single combat.  Therefore, we may expect that lefthandedness will be also advantageous in "nonmanual" sports, such as chess, football, racing, jumping, etc.). Stress in general switches from the left-hemisphere dominance (the rational behavior) to the right-hemisphere one (instinctive, animal, automatic behavior expressed in the cases of fear, panic, the "crowd effect," etc.). The high prevalence of aphasia and apraxia in women with lesions of the anterior brain and in men with lesions of the posterior brain is explained by the superposition of two dimorphisms (gradients), sexual and frontal-occipital: in the male sex and the anterior brain, all changes appear earlier than in the female sex and the posterior brain, respectively.

Our hypothesis reveals relationships between three fundamental phenomena: evolution, SD, and LD.  Specifically, changes in both SD and LD have the same direction as evolution; M/F and L/R ratios are correlated with each other.  Therefore, this hypothesis allows us to predict some facts that could not be predicted otherwise.  For example, we should expect an increased prevalence of lefthandedness in all cases of ecological and psychological stress and discomfort, e.g., among interracial and interethnic hybrids; in populations living in highland, seismic, and ecologically unfavorable areas; after earthquakes, wars, genocide, famine, resettlements, and other natural or social stresses.  Note that the same stress conditions increase the birth rate (and mortality rate) of males to a higher extent than those of women.  For example, in Russia, the difference between sexes in lifespan is now extremely high (SD is 14-15 years).  According to our concept, this must be accompanied by a simultaneous shift towards boys in the sex ratio at birth and an increased incidence of lefthandedness.  Under optimal conditions, a higher birth rate of girls and a decrease in mortality rate must be accompanied by an increased incidence of righthandedness.  For example, it has been demonstrated that an excess of girls among offspring is associated with some occupations of their fathers including high-altitude aviation, diving (jobs connected with the use of oxygen masks?), anesthesiology, and some others.  We may also predict an increased prevalence of righthandedness in their offspring.

Thus, the suggested hypothesis is noncontradictory and allows many well-known phenomena to be explained from a common viewpoint, and unknown phenomena to be predicted.  We believe that our hypothesis may be very useful for the solution of many biological problems.
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