Course program

1. Author and compiler of the program: Dr. Vigen Geodakyan, Senior Fellow, A.N. Severtsov’ Institute of Ecology and Evolution, RAS.

2. Course duration - 30 hours.

3. Form of control – testing at the end of the course.

4. Place of course in the curriculum - 5-th semester (third year), after receipt of basic knowledge in mathematics, genetics and anthropology.

5. Abstract of the course.

The aim of the course - to develop the evolutionary way of thinking.

The main objectives of the course - to introduce the methods of theoretical (deductive) science.

Knowledge and skills of students upon graduation - an active knowledge of evolutionary theories, the ability to think logically.

6. Course Structure

EVOLUTIONARY GENETIC THEORY OF SEX
History. C. Darwin, G. Mendel. Genetics in the 20th century. Existing theories and views. Facts and mysteries that remain. Barbara Mack Klintok. Jumping genes. Barr body. The discovery of genomic imprinting. Requires a paradigm shift. The reason for the weakness of existing theories.

Methodological part.
Features of the course. Evolutionism. Constitutive-facultative relations of systems and laws. Common goals and objectives of basic science: description, explanation, prediction of the behavior of systems. goals of applied sciences: management, creation of systems with required behavior. Scientific method. Phenomenology, experiment, theory. Prerequisites of the theory (I. Newton, Milliken, J. Gibbs, A. Einstein). Science: inductive - deductive, extensive - intensive. The role of hypotheses. Diversificators - Unifiers (Dyson). Concrete and abstract thinking. Narrow specialists and "dilettantes" (Walden – D. Mendeleev, Moran - Selye). General patterns of occurrence of theories in different sciences. The idea, the conceptual and quantitative theory, paradigm (C. Darwin, D. Mendeleev, E. Rutherford). Reduction of particular theories to more and more common. An example of theoretical physics shows trends of development for other branches of science. Hence the 21st century - a century of theoretical biology. What is common between differentiation: the population into two sexes, genome into autosomes and gonosomes, organisms—into the left and right halfs, of the brain on the right-left hemisphere, the society for righties, lefties, etc? Unitary and binary-coupled systems. Isomorphism of systems and theories. Role of adequate language to describe simple and complex systems. Mathematics and other sciences of linguistic nature. The method of plausible reasoning (Poya), analogies, and models. (2 hours)

Organization systems: nonliving and living.
Elements. System. Environment. Interaction of elements: internal - external. Organismic and population types of systems. The laws of their existence: the "weak chain link" (Liebich), and natural selection (C. Darwin). Evolutionary pattern of greater interaction and alternation of these types. The loss of degrees of freedom as payment for the new organization. Relationship with the environment. "Low" border of life. The principal difference between the most complex crystal and the most simple virus. Discreteness in time (generation) and in space (form). Main programs of living systems necessary for evolution: reproduction and mutation. Population (molecules, cells, organisms) as an elementary unit of evolution. The main characteristics of the population. Life as a special form of population information contact with the environment. Programs of recombination and differentiation. Crossing-over, the sexual process and sexual differentiation. Asexual, hermaphrodite and dioecious reproduction. Advantages and disadvantages. Evolutionary meaning of different programs. A fundamental mystery in the binary differentiation coupled systems. Their adaptability. (2 hours)
The concept of information.
Thermodynamic approach. The overall structure of working systems. Factors of extensiveness and intensity in different types of work (generalized "charges" and "potentials"). The history of understanding (Clausius, J. Gibbs, Helmholtz). Infertility of negentropy treatment of life (Schrodinger). Thought experiments with entropy diagrams of nonliving and living systems. Inadequacy of classical concepts to describe the work of living systems. Substance, energy, information. Conservation laws. Entropy, probability, information, order - organization (Clausius, Boltzmann, Shannon, Brillouin, Kharkevich). New approach. Living systems as open working systems. The need for the information row (in the table of different types of work), which includes the notion of information: "charges", "potential" and work. Useful work of organization and the concept of goal. Information and variety. The information structure of the population. Information: ecological, phenotypic, genotypic, zygote and the organism. Graphical representation. Attempt to extrapolate: knowledge-consciousness. (2 hours)
Adaptogenesis, dihronous evolution, binary conjugated differentiations.
Gradient and modal differentiation. Spontaneous transition in population systems. Disruptive selection. Monomorphism, dimorphism, oligomorphism, polymorphism. Dimorphism, as a simple polymorphism. The prevalence of binary systems: DNA-protein core-cytoplasm, autosomes-gonosomes, homo-and hetero- (zygotes and gametes), diploid, gamete-soma, the two sexes, estrogens–androgens, genotype-phenotype, symmetry-asymmetry, bottom–top, posterior–anterior (front), left–right, etc. Examples of conjugated sub-systems: biological, social, technical, game. C. Darwin’s adaptogenesis. The method of trial and error. "Experimental" subsystem for testing of evolutionary innovations. Method of dihronous (asynchronous) evolution. Dichronism - the cause of dimorphism. Conservative-operative subsystem. Reargard–vangard. "The stable core" - "labile shell." 4-letter language of DNA and 20-letter language of proteins. Genotype. Evolution and the logic of the phenotype. "The cane of the blind." The notion of norm of reaction. Variance of phenotypes. (8 hours)
The problem of sex. Evolutionary concept.
History (C. Darwin, A. Wallace, Weismann, Goldschmidt, Muller). Modern authorities (Williams, Maynard Smith, Bell and others). Mysteries of sex - sexual dimorphism: in norm and pathology, morphological, functional, behavioral, mental; the sex ratio: high birth- and death- rates of males, "the phenomenon of the war years." Absence of logic in encyclopedias. C. Darwin’s methodological error. Incorrect interpretation of the derivatives of sex phenomenon: sexual dimorphism, sex ratio, sex chromosomes, sex hormones and others. Evolutionary approach. Isogamy-anisogamy. The emergence of gamette sexual dimorphism: on the size, mobility, quantity, value. More valuable (scarce), and more "cheap" (redundant) sex. Relationship of females with the number of offspring, and males – with selection and the shift of the average genotype. Fitness and selection coefficient. The hypothesis of different rates of reaction of the sexes. Different plasticity of the sexes in ontogeny and phylogeny. Ecological differential. Modification of females and elimination of males. Phases of evolution: divergent, parallel, convergent. Dichronous evolution of the appearance and loss of the trait. New laws. Sexual dimorphism - the criterion of evolution. Ecological rule of sex differentiation. Phylogenetic and ontogenetic rules of sexual dimorphism, variance, and the sex ratio. Rule of reciprocal effects. Teratological and epidemiological rules. Facts and events, confirming the theory. Predictions. Sexual dimorphism on valuable attributes in the selection of animals and plants. "Paternal effect” and heterosis. Anthropological data. Hormonal and psychological sex. Psychological sexual dimorphism. (10 hours)
Theory of asynchronous evolution of chromosomes.
The "Nomadic" concept of genes. Algorithms of chromosomes and genes. "Vertical": stochastic, contra, ipsi. "Horizontal": emergence of the gene, it’s movement along the chromosome, unequal crossing over, translocation, elimination, etc. The purely masculine ("quarantine"), common ("resident") and solely feminine ("archive") genes. Organized route of genes on chromosomes. Y-chromosome (ecological) - the "gate" of the genome for new information. Contra X-chromosome - "transport". The development of sex in ontogeny. Genetic, hormonal, psychological sex. The overall picture. (4 hours)
What benefits the theory provides?
There are problems that can only be solved experimentally. Others - only theoretically. Some questions that can easily be answered by the theory, can not be answered experimentally. For example: Why do women are aging early, but men – die earlier, and still men are the champions of longevity? Why during the war the birth rate of boys is increased? Why are among the prominent personalities (and geniuses and idiots) so many men and left-handers? Why does the person’s left half of the face is more similar to the faces of his mother, sisters and daughters, and his right half – to faces of his father, brothers and sons? Why at Spaniel dogs the right ear in males should be the longest, and the left ear in females should be the shortest? Why and where the genes are jumping along the chromosomes? Why aphasia and apraxia in women is more often the consequence of the lesions of the frontal part of the brain, and in men – the lesions of the occipital parts? Why varicose veins are more common in women and to the left, and gout – in men and to the right? Why transgenic animals must be males? The rest of the problems can be solved by both theoretical and experimental approaches. However, a theoretical way is always better and cheaper. (2 hours)
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