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  Quantitative and structural analysis of metaphors sensu stricto, both terms (MTs) and reasonings (MRs), revealed main hidden concepts in professional discourse of genetics.

   Single biological phenomenon is often described by several verbal models, either alternative or cross-additive (i.e. partially congruent) ones, because different structural levels or their combinations  are described as leading vs. leaded ones for the same event(s). Examles for biological meta-processes, as gene expression, cell differentiation, morphogenesis, aging, ecological succession, evolution, cancer malignization, teratogenesis, ecological crysis, along with some "embodied metaphor"-like biosystems, are mentioned. Urgency of metaphors as conceptual keypoints is shown by means of  information theory, cybernetics, and semiotics. 

  Genetic systems are both directly invisible and regulated at various levels. Therefore, as a rule, they're firstly represented by means of diverse MTs and MRs, and only after that become indirectly seen to verify or to falsify them. To analyze these metaphors, the method logically similar to linguistic content-analysis and to genetic blot-analysis is proposed and used. 

  Among appr. 5000 actual terms of professional genetic glossary,  859 MTs were found, classified and counted in the 2D table, i.e. by criteria deduced ad hoc:  9 genetical structural levels, and 10 sciences and practices - fields of lexical borrowings. Dated MTs from the most abundant cells were distributed by the 3rd criterium - chronology  of their emergence. Overall chronology  for all 677 dated MTs is represented by the graph, and also discussed. These data show quantitatively  how these sciences and practices were changingly impressed in genetic thought. The quasi-physical lexicon of population genetics, borrowed  mostly from mechanics, was formed presumably in 1940-50s; the cybernetic and linguistic one of molecular genetics - in 1960-70s; and, after the routine DNA and RNA sequencing was started, it's extensively added by the «vitalizing» and «animizing» words. So, in modern genetic terminology, the set of MTs comprises the «meta-metaphor»: the whole living bodies and their communities are characterized as mechanical phenomena, while diverse functional nucleotide sequences are perceived as «the small living things with their own will», although being analyzed by strict methods derived from physics, chemistry, and mathematics for gene engineering, genomic research, and informatics. Hence, further encreasing impact onto genomic thought by interorganism concepts and models (from ecology, psychology, anthropology,  humanitarian sciences) is supposed. 
    The case studies were made on the MRs from several monographies in genomics. Resembling the textual psychoanalysis, they reveal both experimental facts and hidden concepts omitted even by the authors themselves.

   As a whole, these methods can be valuable as for biology as for other sciences, where various complex multilevel  systems are investigated and/or invented, and therefore described. The simple computer approach to extract and to classify new MTs and MRs from the text databases is proposed. 

____________________________________________________________________________________

    Predstav' detey sred' pustoti,

   gde, zybki vse koordinaty.
                                                         [Imagine the children inside the emptyness

                                                         where all the coordinates are vague. ].
                                                                      Naum Korzhavin.
                                                   *    [The Russian translation written by Cyrillic letters:  

                                                   *     Закончен синтез полиизопрена.

                                                   *     Мы  близко подошли к разгадке гена. 

                                                   *     Но  может кость создать из коллагена

                                                   *     одна Природа мудрая пока...
                                                   *     [This original poem in English wasn't found in Moscow; the 

                                                   *     appropriate literal not-rhymed back translation to English 

                                                   *     means the following:

                                                   *     The synthesis of polyisoprene is finished.

                                                   *      We closely came to solve the enygma of the gene.

                                                   *      But still only the wise Nature 

                                                   *      can create the bone of collagene. ]. 

                                                                     John Updike: «Тhe dance of the solid bodies». 
                                   1. Main premises and purposes  

  Which concepts were taken from various sciences and areas of experience and transferred into the professional thesaurus of genetics, to represent its own multilevel objects and processes? Can the lexical and stylistic analyses of professional genetic publications be helpful  to comprehend some real genetic phenomena, or even to reveal them? Can the lexicon and style reflect the hidden shifts in the genetic thought? Has the "common unconscious" of geneticists any own specific features? 

   If yes, then - can these answers be useful for another sciences? Can it reveal any principles of the developing scientific knowledge as a whole?

   This work is the attempt to answer to these questions. It's somewhat peculiar combination of biology with linguistics. I hope that this retrospective approach can be extrapolated as for another topics in modern genetics as to professional discourse of some another sciences, to analyze the cognitive models of those multilevel systems which are less created by the researchers than still - parially or mostly - uncomprehended by them. 

    Parts 1 and 2 contain the conceptual bases: it's argued in some new aspects, why the metaphors are needed even for strict rationalist creativity in natural sciences, mostly in biology. Some natural biological phenomena that resemble the metaphors are discussed as well. Parts 3 and 4 represent the empirical research of MTs and MRs, its analysis and results. 

    Firstly, let's denote the term 'metaphor' sensu stricto - in its classical and initial Aristothelian sense that's formed by both parts of this Greek fused word. The metaphor is any composed word or the composition of words, whose parts or individual words were brought to some taken cognitive area (including the several science, in our context - genetics) from outside, i.e. from the lexicons of other sciences, technologies, arts, everyday practices, or other areas of experience. In the "donor areas", any given metaphor already had the specific sense that  resembles the new one. They can be divided as following.

1. Metaphorical terms (MTs) in science; type of short images in literature; proverbs in oral speech.

       Each of them is the denotation of object, process, or concept, made by one complex word or the 

       combination of 2-3 words, with one or two of their elements (roots or words) introduced from the    

       outside cognitive area(s) in which they emerged. Initially, every of them was invented by its 

       concrete author, and then they're accepted into the usable lexicon. 

 2. Personal metaphorical reasonings (MRs) in science; type of protrude images in literature; sayings in oral speech. 

       They spread from the short part of one phrase up to many phrases and/or paragraphs in different   

       parts of the same text. They're used by their authors, and after that may be quoted. 

   Various non-verbal human-made representations contain any elements of sense introduced from outside. They resemble metaphors semiotically, i.e. functionally, and therefore can be interpreted as "visual, or iconical, metaphors". In arts, such are diverse mythological living beings, other chimaeric (centauric) objects, and various compositions of them - for instance, many paintings of Jeronimus Bosch. 

In biology, the respective examples are: 

   in anatomy and physiology - various living bodies pictured as the transparent ones to show their internal organs and/or their functions ("metaphor" of water or glass);  

   in many intraorganismic topics - the bodies with their microstructures shown at the same pictures as their extracted and amplified parts ("metaphor" of lenses and  microscopes);

   in ecology - the trophical sets shown as the oriented graphs with the living bodies as the nodes 

 (quasi-economical "metaphors"), and so on.

   In music, introduced "quotations" can play the role similar to that of metaphors. Being far from our theme, they're may be very interesting for ethologists, to investigate the use of communication signals borrowed from the songs of another species (among parrots, starlings, crows, etc.).  

   In many biosystems, various urgent structures introduced from outside are employed. Functionally, they also resemble metaphors, while not being human-made ones: these systems evolve billions of years before we humans emerged. Some of them, the genetic ones, literally (in both senses) resemble the texts with metaphors. Their multilevel reframing was started by experimental biology  just few decades ago, thus more and more resembling the metaphorization (Sedov, 2000). These analogies are much deeper than the shallow similarities: as all the living beings as many of human-made creations, and also our thought and mind itself, are shown to be the self-referential informational systems with digital-analogic duality and interactions (Hoffmeyer, 1996), thus differing from the simple chemical and physical subjects. It's shown below what can be revealed by these analogies.                                                                                                                                                                    

   The empirical part of this research is restricted only by concrete metaphors in genetics, in which the visual metaphor-like pictures occur very seldom. To analyze the later ones in other areas of biology , more new methods must be invented. The 3D table similar to Table 2 that's presented  below, however, can also be useful for that. The specialists in other sciences, besides biology, should analyze their proper metaphors.

   Here, it must be told how the main ideas of this research emerged and were confirmed.  At  1994, I defended my doctor dissertation on the history and methodology of multilevel DNA-RNA taxonomy, and then deepened once again in those crucial monographies on structural, functional and evolutionary genetics that I had elected during the last 25 years. Then, while still knowing nothing about any concepts on scientific metaphors, I found that the crucial nodes in their concepts - approaches, hypotheses, and conclusions - are just the metaphors: to represent various still invisible phenomena, these external lexical and stylistical borrowings were necessary. Only when all this empirical research was accomplished (just as it's shown in parts 3 and 4), I started to look for literature about metaphors in any sciences. All I found a posteriori fitted to my own basic startpoints. Hence, my initial ignorance about this theme both promoted my inspiration a priori and then paradoxally served  for the further verification: my secondary "invention of the bycicle" turned to work as "the blind method", "the black pill" methodology, so usable in pharmacology. However, I still can't find in any work any quantitative and structural methodology that resembled the shown below. The main authors must be named here, whose sentences served for that "initial control ad hoc". 

    Methodological views on the metaphors in sciences do exist since early 1960s (Black, 1962). It was argued that metaphor is the vital spirit of any paradigm and its main organizing connection (Haraway, 1976); that every scientific theory is the set of metaphors, and every knowledge, including the scientific one, is inevitably the metaphorical one (Wilden, 1980); that metaphors perform the organizing functions in the scientific knowledge,  by linking both diverse layers of language and diverse fragments of knowledge that differ by their origin and nature ("Metaphora v yazike y tekste", p.119-133); that just  the metaphors play the key roles in various cognitive models (Lakoff, Johnson, 1980; MacCormac, 1985). Now, rapidly grows the interest to metaphors in the aspects of theories of cognition, logics, cognitive psychology, linguistics; last years, the research of metaphorical terms in physics of the elementary particles, astronomy, and mathematics was started ("Metaphora..."(Ibid), p.4-6). The deep case studies were made on few MTs that emerged in biology during XX c. (Fox Keller, 1995). Last years, J.Lakoff and his colleagues make at Berkley some computer models of possible neurophysiological processes that are based on his own ideas on metaphors (Brier 2000, p.63-64). 

   However, the analysis of metaphors is still mostly restricted by the traditional humanitarian discourse. 

   Metaphors in genetics still weren't under study, except few cases studied by E. Fox Keller. Maybe it's so because of the exponential growth of concrete research data: more and more of various genes, gene sets, systems of their expression in different genomes and phenotypes, along with their evolutionary pathways, become under study. Hence, geneticists  themselves simply haven't any time to make up their minds to such a methodological reflection, while being swamped into their intriguing empirics. At the same time, linguists, methodologists, and other humanitarian thinkers don't dare to deepen into the expanded thesaurus of modern genetics that reflects its profound, and permanently growing, conceptual apparata - possibly it seems to them as too difficult, somewhat "esotheric" one.    

                 2. Metaphors as tools for cognition: some new aspects and concepts

   Any adopted scientific metaphor is the composition af words (and/or of icons, concerning various metaphor-like representations as well) - unexpected and strict one, while representing the reality. It's the best way to "construct" the new, still not-habitual concept from those already known in another cognitive areas. The metaphors thus created can become the intriquing objects not only for the specialists in the appropriate sciences (in our case, for geneticists) but also for those of linguists, phylologists, cognitive psychologists, culturologists, methodologists, and phylosophers, - if only they dare to deepen into the appropriate professional sub-languages. 

   Let's see the metaphors from various viewpoints - as functional elements of cognition and tools for it. 

  General systems' concepts: the structural and algorhythmical view. As a rule, if some single natural system - the structure and/or the process - is not completely invented and created by the humans but only partially investigated and comprehended by them, then it is represented (in the minds, in the paper and computer works) by more than one system of words and/or icons that are connected by various structural, functional, logical and/or temporal links. These are different hypotheses represented as different cognitive models for the same subject. To analyze the modern state of some concrete problem, we must compare all of them, except the refuted ones. (Some examples in biology will be discussed below.). Often they can be shown as hypertexts. Just now, they start to become the subjects as for cognitive psychologists as for computer scientists; maybe soon they'll be accessible for neurobiologists as well. 

  If different cognitive models were proposed for the same real phenomenon, then they can be either cross-exclusive (contradictory), or completely or partially compatible (congruent,  isomorphic). Often they differ because, for some phenomenon, the same factors can be represented as its causes vs. as its consequences. Each their identical or similar part can be named as consensus. (A propos, in molecular biology and genetics, "consensus" means the single invariant for several  DNA, RNA, and protein primary structures that was deduced from their congruent parts, i.e. from the empirical sequences of monomers. The similar sense exists in justice, as the coincidence of various opinions or proposals. 

  Metaphor inside the cognitive model plays the similar role as the heading filename or hypertext reference to some subprogram module plays inside the computer program: it's needed to "click" the cognitive block, i.e. the association, from outside - from other field of knowledge and/or feelings, where the images similar to the demanded one already exist. Maybe it corresponds to the another zone or the neural subset of the brain; hovewer, the creativity still remains "the white spot" for neurobiologists.  

   So, the metaphor is the peculiar "concentrate of meaning", the external link of the cognitive system, the informational channel into it from the another one(s). Surely, this device is necessary to represent various phenomena: the real ones and the hypothetic ones (respectively, in scienctific theories and hypotheses), or the imaginative ones (in prose and in poetry). The similar situations do exist in visual arts (see above). As a whole, the urgency of these external cognitive inputs can be perceived as the particular case of  the Goedel's theorem of incompleteness. 

  That's why the basic differences between concepts cause the differences between their metaphors. 

      View of the information theory. As it follows from the C.Shannon's equations, and as it's verified by various empirical phenomena, if some seldom and thus unexpected element can be incorporated from outside into some system without any infringement of its previous internal laws, than it can increase drastically the informational capacity of all this recipient system. (For relatively simple non-hierarchical systems that are composed by discrete elements or events with measurable probabilities, it can be calculated by the Shannon's formulas and their derivatives.). Moreover, also increases the validity of this information, i.e. the measure of "non-redundancy, non-replacibility of information", that's also calculable for the relatively simple systems: the more are the "levels of the informational perception", the more it is (Volkenstein, 1986). Therefore, this validity of informational input  is the biggest one at the highest mental levels - just in the representations of cognitive models for complex structures and processes. All of this precisely corresponds to the usage of metaphor: it's a new, unexpected input of word, along with its meaning(s), into the pre-existing context. So, if it's the apt one, then it increases both quantity and validity of information - inside as inside the whole description (in  metaphor sensu stricto) as  inside the picture and/or hypertext. The creation of new information is perceived as the remembering of the accidental choice (Quastler, 1964). The creation of metaphor is just the same: its author looks over various combinations of morphems and words, along with their initial senses, and elects the best of them. And then, the remembering of successful variants can be performed  at two stages: firstly, by this author himself (in his own just emerged terms and sentences), and then, by his colleagues (in the terms accepted by them, and in their quotations).  Let's quote here the man of art, Federico Fellini: "I believe in information that follows from the image". 

   For the information theory, however, the main question remains: are there any general approaches to measure, or even to evaluate,  the semantical value of any block of information, and what's about the context-dependence here? Molecular biophysist M.Volkenstein proposed the appropriate quantitative measure for some polypeptide sequences (Volkenstein, Chernavskii, 1978; Volkenstein, 1986). It must  be noted that he also used these quantitations for arts, especially for several poetical texts full of metaphors; however, these meta-scientific generalizations so contradicted to the ideology in USSR that it was published only in the popular journal "Nauka y zhizn'" (Ibid; also see there the self-reference to Volkenstein, 1970). 

   Surely, the problem of semantical value is the semiotical one.

      Semiotical view. Being concentrated on sign processes and their meanings in various multilevel contexts, firstly the semiotical approach dealt only with cultural phenomena: written texts, then visual arts, human customs and traditions, etc.. Then, it was extrapolated to ethology. Moreover, many biological subjects and processes that resemble written texts and/or hand-made artifacts, while being billions of years older than the human beings, are deeply investigated during last 30 years, thus becoming accessible for the multiaspect biosemiotic aproach. These are numerous genetic texts and their various coding principles; macromolecules and their assemblies involved in cell differentiation, in morphogenesis, in intergenic, intercellular, and interorganism communications; their evolutionary pathways at different structural levels; biological bases for  individual behavior, for choice of strategies in populations and ecosystems. Biological informational systems are the self-referential ones, and must base on digital-analogic duality (Hoffmeyer, 1996). For example, genes and their products, as literals and 3D shapes, reveal some fundamental functional and evolutionary similarities, respectively,  with written texts and figurative memes. Hence, by means of semiotic approach, biologists and humanitarians can cross-exchange by cognitive models, and then test them empirically for fruitfulness and predictive abilities. Therefore, biosemiotics itself assimilates some of its metaphors from humanitarian and technical thought, and vice versa. So, they also act like "the heading filenames to click" for the appropriate cognitive models. Last 5 years, cybersemiotics emerges and develops (Brier, 1995, 2000); here, as earlier in "traditional" lingvosemiotics, the role of metaphors is highly appreciated (Brier, 2000).

  So, the metaphors as a whole comprise the particular case of main semiotic meta-process that's typical  for complex informational systems of diverse substrates and can be named as "the sign transposition and introduction".  Hence, concerning as various real structures as their cognitive models, some basic meta-scientifical questions are just the semiotical ones.  All of them are of higest value in biology.   

    How can one of another sign change its meanings, thus adopting them to different contexts?

    How can its own properties and/or their alterations modify the whole context? 

    What are the appropriate changes in various structural, functional, and/or conceptual (particularly taxonomical) levels?

    Which levels are crucial, i.e. determining vs. determined ones, for any concrete process under study?   

    How the semantic value of some element, or of  some level, can be revealed or even managed? 

       And, as a whole,  

    Can the appropriate empirical studies on such a cases, being performed  in various scientific areas and empirical substrates, reveal any main answers that are invariant, consensual for the systems of different  nature and origin? 

     It will be shown below how the analysis of real metaphors do help to answer these questions. 

     All the above-named views are the cross-additive ones. 

  Some biological systems as "embodied metaphors".. 

  So, metaphorizations resemble various biological phenomena that become more and more interesting from the viewpoint of biosemiotics (both micro- and endo- and exosemiotics). At the supraorganism levels, such are various native multilevel evolutionary events: broad host range horizontal gene transfer (various cases are already revealed), evolutionary simphyly, symbioses (including the well-verified endosymbiotic nature of eucaryotic cells), migration and installation of various species or of multispecies complexes, the fate of any single species that has various ecological niches in various  biocenoses, etc... 

   Inside the living bodies,  the most physically existing and semantically valuable informational structures also play the similar associatiative roles as metaphors in texts. In multicellular organisms, some of their genes are crucial to control the key stages of their development. While comparing their nucleotide sequences with the words, any of such genes resembles omonym and metaphor: it has more than one sense, so its expression "ties into the single bouquet" several different "topics", i.e. the concrete stages of cell proliferation, cell differentiation, and/or morphogenesis.  The earlier is the stage of embryonic development, and thus the more basical is it from the viewpoint of evolution, the more strong metaphorization it resembles. Such are the functions of most homeotic genes, oncogenes, genes that code the membrane receptor proteins. The examples in the higher, intercellular structural level, are so-called gnostical neurons of the brain cortex. Each of them links together several neuronal sets, thus forming the associative structures (fields and supersets), to integrate the elementary perceptual acts into the images, and the later ones - into reminiscences and  cognitive models. When comparing the organisms with the texts, such genes and such cells are like "the fleshy metaphors" that emerged long before the human speach, languages, and written texts. 

   Moreover, now we analyze more and more new biological systems that are made by humans from pre-existing biological "blocks" by means of their directed recombinations sensu lato. In supraorganism biology, these are the introductions, i.e. the transfer of individuals of some species into the initially sustainable ecosystem that's evolutionarily new for them. Now, intraorganism transfer of many blocks at different structural levels is preformed and studied: firstly, in plant physiology and in animal embryology - in homo- and heterotransplantations, and then, during last 30 years, in various systems of heterological genetic expression: DNA vectors, reconstructed cells, transgenic and allophenic organisms. All of that can be named and studied as experimental multilevel reframing of biosystems (Sedov, 2000). 

  As to any single subject transferred - being it linguistical or genetical text, or not-literal block of information - it's tested to become the functional one inside the new, previously self-coordinated context. Therefore, it must fit these pre-existing laws, or be somewhat changed by them, and/or modify the context; or sometimes it either destroys the whole context and/or becomes extinct itself. To study the basic principles of all of that, both general system models and empirical analogies can be fruitful.

  Multilevel biological processes that require the metaphorization.  To analyze the fundamental biological structures, processes, and their similarities (as functional as phylogenetical ones), the multiaspect and hierarchical multiscale approaches are often needed. For the same set of subjects, as a rule, their structural, functional, and taxonomical hierarchies are non-congruent ones; so it requires the different models. Often the single biological process is represented by different ways - not only by the alternative hypotheses but, sometimes, by cross-additive verified cognitive models. In different models for the same process, its different structural and/or functional levels, or even the different combinations of levels, are represented as leading vs. leaded ones. Let's see some examples. 

   In gerontology, at the end of 1970s more than 500 (!) cross-independent hypotheses of aging did exist (Vaniushin, Berdishev, 1977). The lowest level supposed to be leading to senescence are the DNA sequences: the mutations injure some genes, and it decreases, malforms or breaks the functions of  enzymes coded by them; it damages the appropriate crucial stages of metabolism. It's so-called concept of "the catastrophe of errors". The next level that was discovered during last years is the "telomerase counter" that determines the number of cell proliferations - it's the molecular basis for the Hayflick effect (i.e. for the phenomena of fixed number of proliferations, that was shown in cell cultures). Aging is also connected with some special genes - for instance, the protein which is coded by p53 gene and controls the apoptosis, "the cell suicide": this one is shown to be numerous even among neuroblasts in normal babies' postnatal brain, but it also increases in various cell types during aging. According to another hypotheses, aging takes place because of failure of the main sustainability of metabolism, of immune and/or endocrine system, of transport systems of an organism, of structures and functions in the brain, of several specific biogenic molecules  (Dil'man, 1986;  Finch, 1991; Rose, 1991). 

  The similar are the concepts of cancer malignization. The lowest level is the above-named "catastrophe of errors", but connected with certain genes. Near 150 different genes can produce cancer in man when damaged; from 3 to 7 concrete mutations, when combined in the single cell, causes the concrete  type of cancer (near 100 types of cancer diseases are known). It mostly damages the genes of highest semantical value, that also can be considered as the "quasi-metaphorical" ones (see above). These are just the same ones that normally manage genetic replication and reparation, crucial intracellular processes (mostly the genes for  proteinkinases and phosphorylases) various stages of cell reproduction (cell cycle control genes), differentiation (embrionic inductors), death (particularly the named p53 system), and intercellular communication (various signal peptides and membrane receptor proteins). Their erroneous proteins cause complex sets of events, that surprisingly resemble in many aspects the abnormal social processes (Hanahan, Weinberg, 2000; Sedov, 2000). So, sometimes they're called also metaphorically - as "the cell social control genes". On the organismic level, the carcinogenic factors are: the stress exhaustion,  the complex errors in metabolism (particularly caused by carcinogenic drugs), in nutririon, in immune defense,  in neuroendocrine regulation, or even in the whole way of life, in individual harmony, in personal values. It still remains obcure, however, how these high-level or exogenous  factors can produce directed switches of genetic and other cellular macromolecular processes towards the  malignization. 

    No less variable, and sometimes contradictory, are the cognitive models for evolution of organisms (Denton, 1986; Vorontsov, 1999), for embryonic development (Gilbert, 1988; Goodwin, 1994), for the formation and development of ecological systems (Peters, 1991), and for other main biological meta-phenomena. 

   For such a "multilevel pluralistic" situations, the phylosophical terms "holism" vs. "reductionism" are necessary but insufficient: they're attributed only to both ends of every multilevel multirange scale. For each of  these complex phenomena, still investigated only partially, we must compare all their not-refuted models in which different structural levels, or even their combinations, predominate. It will be shown below that the basic "hidden" nodes of such verbal models are marked by their metaphors.

   Some pecularities of genetics: cognition, practices, hopes and fears. Here are some humanitarian problems as well. The "inner world" of geneticists must be comprehended not only by themselves: the role of genetic mind grows increasingly - both in world outlook and in basic practices.  Modern genetics studies the bases of reproduction, metabolism, physiology, and development of all the living beings (including the man); senescence, 3000-5000 human  diseases (diabetes and cancer among them), random and directed influences of many environmental factors on the heredity, control of biochemical reactions which are used in food inductry, pharmacology, and many other fields where the biogenic tools are in use. Modern genetics became crucial to understand such a "useless" (from the merchantile viewpoints) phenomena as the principles and pathways of evolution of the life on Earth.  

   Genetics is one of very few biosciences  (the another ones are physiology, biochemistry, biophysics, and molecular biology) that from their very beginning base on the exact logical and quantitative methods. Along all its history, genetical ideas were verified or neglected by no less strict methods than in the best works on experimental physics.  Now, geneticists manage, construct, and predict the qualities of their subjects no less correctly than mathematicians and engineers do. Numerous chromosomal and gene maps, nucleotide sequences, schemes of structures, functions, and evolution of genes, of gene sets, and of the systems and processes controlled by them - all these data are obtained by strict methods, and are themselves no less strict ones than algorhythms and technical draughts. (However, being less human-invented than revealed and reframed from pre-existing realities, they often contain "the white spots" - the questionable areas for future research.).       
    Hence, for the first sight, the genetical professional language - lexicon, stylistics, and visual representation data forms - are so far from the beauty of the living nature that's available for naturalists, for painters, and for poets! "Tvorcheskiy razum osilil - ubil." ("The creative mind overcomed - so killed."), as the Russian poet  Alexander Blok wrote. So, if for the geneticists their perception of beauty of life is restricted by the analysis of its decomposed constructions, by logics and practice to resolve the rational tasks, then - aren't they inclined do destroy all the life by means of their plays, - as the physicist in the K.Vonnegut's "Cat's cradle" did?  

   Unfortunately, in common mind and in mass media, geneticists often are shown as some malicious  priests and wizards, that are leaded only by curiosity and/or by profit, while lacking any ethical responsibility (as Josef Mengele with his Nazi collagues were). Gene-engineering, cell-embryonic cloning, and xenotransplantation techniques and their successes are "adding the oil into the flame": the myths about the new "killers in white clothes" broadly circulate. 

  However, the ethical and moral responsibility of geneticists themselves is the highest one: we can remember  the proscriptive activities of Paul Berg and colleagues at 1973-75 that led to the famous Conference at Asilomar, the voluntary moratory to the human cloning subscribed by 52000 geneticists in USA short after Jan Wilmut cloned Dolly, and then by thousands of their colleagues in many European and Asian countries... 

  But can we be sure that it's so always?  Can we hope that the exact knowledge always correlates with morality, or insist that the research tasks lie outside of moral problems? It's the technocratic civilization that produces the global ecological crysis; it's the concept of natural selection that was used as the base for practical genocide; it's the atomic research that led to the tragedies of Chirosima, Nagasaki, and Chernobyl... Up today, biotechnologies brought much more goods than evil. And, as to genetics, some trap is possibly hidden: just its same subjects, data, and methods can serve as as for food and healing for the biological weapon. For instance, - to know how to overcome cholera, we must clone and test the gene for its toxin in recombinant constructs that propagate in several host-vector systems; the same interferon can be used against the viral diseases, or as vaccines for the agressive troops that use the viral veapon; the antibiotic drug and herbicide poisoning, accompanied by the appropriate resistance genes, can become the side effects of modern vector cloning and of use of some transgenic plants, and so on. 

   So, lead the newest "DNA plays" to "the panacea",  to "the life elixire", or are they "the mine with retarded action", "the devil's present"? Are the hereditary systems self-concordant and thus resistable systems, or some unknown "butterfly effect" can't be excluded?  

    Many topics on genetics, full of romantic search for truth and even of  real prophecies based on rational knowledge, must be broadly known. Both "history of ideas" and "history of persons" on genetics refutes most part of  horrible fantasies expressed in mass media, in trillers, and sometimes in preachings. Therefore, the psychology of geneticists, as of persons as of their societies, is very intriquing. Hence, their professional language, especially metaphors as its inevitably expressive components, reflects it and thus must be analyzed.
    In the genetic research, as a rule, the logical strictness combines with the creative foreseeing of the structures and processes - long before their visualization. The main discoveries of G.Mendel, A. Weismann, T.Morgan, J.Lejeune, G.Watson and F.Crick, F.Jacob and J.Monod, and many others, are such a cases. All the history of genetics is the peculiar "deepening into the genetic systems"; moreover,  it's "the way in the darkness", in the week light of new, often fragmentary, facts. For this,  the cognitive insights were and are useful - long before real seeing or indirect visualization. Here, even the quantitative measurings are necessary but insufficient: the precognitions of complex spatial and temporal models for still invisible phenomena need such logics that's complemented by imagination, the quality typical for painters, sculptors, writers, and poets. Just their metaphors, as the new unexpected combinations of words, helped to clarify various ideas, just as they're expressed by them. 
    So, let's see how it's impressed in lexicon and style of works on genetics.  It will be shown below for all the structural levels of genetic systems, how during the XX century the professional texts of geneticists implicitly reflected, focused, and shuffled not only the rational ideas of genetics itself, but also some main shifts of "fashions" for some sciences (strict, natural, and humanitarian ones) and common practices. This approach reveals not only the historical and personal styles of thinking, but also the crucial nodes in  various cognitive models of the real genetic processes under study. Therefore, it can be useful not only for logists, methodologists, and phylosophers of science, but also for geneticists themselves. 

Empirics I: 

Multilevel analysis of the set of metaphorical terms. 

  When taken per se, genetic MTs are so associative and figurative that they're undistinguishable from those usable in poetry. For instance, let's compare the poetical images "load of reminescences" and "running time", respectively, with the genetic terms "genetic load" and "jumping genes".

  The following approach resembles some linguistical and scientometrical methods, mostly the content-analysis, the thesaurus method, and the slang method (Khaitun, 1983), whereas it's also the logical analog of some analytical methods in molecular genetics: 2D- and 3D- electrophoresis, and dot-blot analysis (Spurr et al., 1996). 

    The genetical glossary (Rieger et al., 1992) contains near 5000 terms. All the MTs were taken from it. This list comprises 859 terms, i.e. about 17% of this glossary (a propos, it corresponds well to the optimal redundance coefficient, that's calculated for various informational systems an also shows the deal of innovations). For 677 ones among them, their authors and the dates of their creation are named in this book. It must be stressed that almost all of these MTs are in use in modern genetics.  The most part of  them was published by the great biologists (A.Weismann,  N.Vavilov, C.Waddington, etc.), some  Nobel prizers and Nobel publications among them (F,Crick, F.Jacob, J.Monod, etc..). 

   The overall list of MTs, with all their subdivisions shown below, would be too long for any article. Thus, only some dozens of these MTs are named below. My own soleness as the expert could is the second "inevitable evil" of this work. However, it's much easier to check the following results than to check any genetical experiment: all the numbers must be erased from both tables shown below, and some experts, that must still don't know the present article, could independently repeat such a classification by filling in such a tables with empty cells. They can even be ignorant in genetics, and deal only with "the black words" of this glossary, or of any more modern one, without knowing the meanings of MTs. I'm sure that they'll obtain the same or very similar proportions.   

  Then, 9 genetical structural levels, and 10 external areas of borrowing of words, were formulated for all these terms a posteriori, i.e. ad hoc.So, in Table 1, the sequence of lines reflects the order of structural levels (the more elementary,  the lower), and the sequence of columns - the order of sciences and practices according to the structural complexity of their subjects  (from left to right).  

  Then, each MT was classified by 2 or 3 criteria: by its genetic structural level, by the source of its borrowed word (or of part of word), and (only for the dated MTs), by the year when it was invented and proposed. They were marked in the list by 2 single-letter abbrevations that mean the name of the appropriate line and column in Table 1, and also by the years when they're named. If any MT corresponded to more than one line and/or column, then it was marked for each of them.  So, it was shortly marked for each MT: 
1). what science(s) or practice(s) gave the word or its root for this metaphor;    

2). which genetical structural level(s) it characterizes; 
3). when it was created and proposed (among 859 MTs, only for 677 dated ones).

  In Table 1, the numbers of the appropriare MTs are presented in the cells. 

  (The column "linguistics" also includes the terms whose parts were borrowed from the book-printing lexicon, concering the texts; the column "sociology" - also the terms whose parts were borrowed from economics; the line "plasmids" - also the terms for the recombinant artificial vectors; the line "genetic texts" means all the terms that logically or directly correspond to the nucleotide sequences).
   It can be argued that both physico-chemical characterisitics for the "lowest" structural levels ("DNA dissolving", "hydrolysis of polynucleotides", etc.) and the animizing ones for the "highest" ones ("growth of populations", "survival of families", etc.) are neither metaphors nor terms but the obvious expressions. If  so, then the enrichment of these levels by the metaphors should distort the proportions characterisitcal for the whole lexicon, and the diagonal cells from left-bottom to right-up would be underestimated. However, this idea was refuted by counting such expressions  in subject indices of manuals, monographies, and journals of abstracts: while counted as well, they'd add no more than by 20-30 of them per such diagonal cell. So, the biggest numbers would be in the same cells as in Table 1.  

   From Table 1, the following conclusions can be made.

1. It's known that genetics developed by "deepening" to more and more "low", i.e. elementary, structural levels. These proportions between MTs show that they contradict to the old methodological principle, "the Okkam's razor"  - "not to multiply the essences": the number of MTs that need to be explained (for instance, by means of glossaries such as the studied one) increasingly grew, thus making this professional sub-language more and more "esotherical", mostly at the low structural levels.  

2. Among these metaphorical terms, the following types do prevail.

  For populations, the physicalist ones: 

    "centrifugal selection" vs. "centripetal selection", "character coherence", "gene flow", "genetic drift",    

    "genetic equilibrium", "genetic load", "mutation spectrum", "population density", "population wave", 

    "selection gradient", "selection pressure", "quantum evolution", quantum speciation", etc..

  For chromosomes,  those of common practices: 

    "bouquet stage", "chromosome bridge", "drumsticks",  "lampbrush chromosome", mitotic apparatus", 

    "metaphase plate", "polar plate", "replication fork", etc.; 

  and the animizing ones, i.e. biological and anthropomorphous ones:

    "centrosomes",  "chromosomal chimerism", "chromosome imprinting", "chromosome mobilization", 

    "chromosome pairing", "neocentric activity", "replication eye", "sister chromatid", etc..

  For genes as a whole and for genetic texts (i.e. nucleotide sequences) - the animizing ones:
    "branch migration", "codon usage", "concerted evolution" [in use for DNA sequences], "copy-choice       

    recombination", "copy error", "DNA assimilation", "DNA fingerprinting", "DNA-DNA (or DNA- 

    RNA  hybridization", "hybridization probe", "illegitimate recombination", "gene farming","jumping 

    gene", "master gene" vs. "slave gene", "multigene family", "nomadic DNA family","operator", 

    "orphon",  "parasitic DNA",  "promotor",  "recognition site", "RNA editing", "RNA trimming", 

    "RNA maturation", "response element", "selfish DNA", "sensitizing mutation", "silent gene", 

    "splicing homeostasis","sensor gene", "transposition immunity","tailing", "quasispecies" [in use for 

    DNA or RNA], etc..
  So, as a whole, the system of MTs in genetics reveals the paradox: the groups of organisms, which really do have their own free will, are regarded as subjects of physics, while genes and other DNA sequences, while being investigated by means of strict deterministic methods based on chemistry and physics, and then analyzed by no less strict methods of computer science, are depicted as the small "living essences" (it implicitly means that they do have their own will). 

   What's caused by?

    Let's analyze the dates of the emergence of these MTs. Using the dates given for 677 of them, the chronological Graph 1 was drawn. We can see two pits in it; each of them corresponds to the few years - before the appropriate World War, during it, and after it (using the moving average method, only the first pit, for the World  War I, can be seen as the doubtful one). Maybe that, among the geneticists, the ability to metaphorize decreased during those years? This idea is proved: many authors obtained the similar pits for these wars - in various analogous chronological scientometrical graphs that based on the quantitative data about another sciences, i.e. on the increase of  the numbers of: the doctors of sciences in USA, the publications of "Physical abstracts", the research works in astrophysics, in mathematics, in radiochemistry, the scientific publications as a whole. Such a pits can be seen in such a graphs collected in the monography on scientometrics (Khaitun, 1983, p.224-245);  they weren't discussed there, however, and maybe even were overlooked by its author. These pits seem to reveal the falls of creativity inside the scientific communities; so they can indicate, or even predict, the great social troubles including the big wars. As to the "plateau" and the descent on the right end of Graph 1, they can reflect either that the genetical terminology was already "saturated" (either as a whole or only by MTs) or that, during the last years, the authors weren't in time to put all the appropriate neologisms in their glossary. The later hypothesis seems to be the most reasonable one.  
   To compare the dates of invention, i.e. of creation, among the most numerous groups of MTs, the methods used to obtain the Table 1 and the Graph 1 were combined. So, Table 2 is the peculiar combination of them: here, the appropriate lines of  Table 1 were taken as the blocks of lines,  the  columns of Table 1 as their lines,  while the columns reflect the chronological periods.   

      It can be seen here that the "splash of physicalism" in the creation of MTs mostly covered the population genetics; it took place during 1940s, and predominated during 1950s-60s, i.e. during the blossoming of the theoretical and applied physics. Then, it was physics that was perceived as the normative etalon for any scientific knowledge - what any real science, including all the branches of biology, seemed to become to look like. 
     Then, during 1960s-70s, the style shifted: the words  for MTs mostly came from cybernetics and linguistics (the later one, along with the words that characterize the activities on texts, books, and so on).  It's somewhat evident fact.

      However, after that - since 1970s - the less evident events took place: among these new MTs, the "animizing" ones , i.e. the biomorphic and anthropomorphic ones, really prevailed.

      So, the overall paradox can be seen: just these years, when the geneticists created and used a lot of   physico-chemical and algorhythmical methods to investigate heredity, thus variously  reframing for that many different functional DNA sequences to study their meanings both in vivo and in vitro, when the strict analytical methods reached and covered all the structural levels, along with the exponential growth of the appropriate strict empirical data, - then the geneticists themselves mostly did and do characterize metaphorically their most elementary systems as the small independent quasi-living bodies with their own free wills. Why it took place? 

   For this, at least two explanations can be proposed. 

1. The psychological one: cognitive styles of geneticists shifted and drifted according to the general 

    changes of  paradigms and of aesthetical orientations in the scientific community, or even in the 

    society as a whole. 

2. To objectivist one: to explain the real objective laws of genetic systems and processes, any 

    physicalist concepts, and then the cybernetical ones, were necessary but  insufficient. So, here we need  

    the words characterisitical for living, and even for behaving, beings.    

   Maybe these two explanations aren't the alternative ones, and both these phenomena take place. 

   In both these cases, even this analysis of MTs does reveal that the genetic thought lacks any "mortuary" physicalism, so both bioethics and humanistic values wouldn't be implicitly ignored by modern geneticists.  

   Then, if for the genetic subjects - even being under strict studies - any of their "animizations" is needed only to mention implicitly that these ones are spontaneous, not-manageable and not-controllable from outside, and even not-predictable, so we must admit that the more genetics developed, the less comprehensible they became. But another explanation can be proposed: these subjects, and mostly of the most elementary struclural levels,  for instance various DNA fragments, must be interpreted as the really alive ones, and so acting expediently. The 2nd explanation seems to be the truth.   

  During all the XX century, while genetics developed, its main vector was the analitical and reductionist one: it was directed deeper and deeper into the genomes. Their lowest structural level, the various concrete semantophores, i.e. functional DNA sequences, became available for the strict research only at 1977, when the DNA sequencing methods were invented. Since that, all its above-named structural levels became under study, - while the lowest one, the most text-like and still mostly enigmatic one, gives now the major part of information. Besides hundreds of thousands of  various genes (i.e. protein-coding sequences along with their regulatory sequences), many types of functional signals and non-triplet codes are revealed. Hence, for the most fundamental events - DNA replication, gene expression, cell proliferation,  subcellular self-assembling, cell differentiation, multicellular morphogenesis, senescence, malignization - it becomes clear that the meanings of these DNA semantophores can reveal themselves only in their specific complex biological "contexts". Among a lot of cases, one good example is the homeotic gene HOX II. Its immanent, invariant function is to control the segmentation of animal body, while the level of this process (to do it on the entire body or only on the leg) depends on the morphological "context", i.e. on the time and place - when and where this gene works. 
   The impetuous research of DNA sequences, along with the development of genetic bioinformatics,  can be compared with the collection and classification of words for the dictionary of some yet-discovered language. Now, such a "morphology" becomes more and more oriented to study the roles of these sequences in the "syntax", i.e.  in the multilevel biogenic contexts in which the whole "topics" on living beings are seen. The analytical approaches are more and more added by the synthetical ones, especially by means of various experimental multilevel methods that reframe the biological contexts - to test either any given text by means of different contexts, or any given context by introducing different texts into it (Sedov, 2000). Therefore, the reductionist views are more and more completed by the multilevel holistic ones; so, this newest metaphorical "animizations" in genetic discourse also shows that even  DNA fragments display various behavior, thus depending on the "contexts" of their expression. 
   However, sometimes even many of single DNA sequences can be interpreted from the viewpoint of "radical" microsemiotics, as the sign-interpreting systems (Sedov, 2000). Here, the following arguments must be added. If we even take the single simplest concrete change in DNA, i.e. the concrete nucleotide substitution, then the meaning of this point mutation depends on the context, i.e. on its position inside the functional fragment of DNA sequence. 

  So, for instance, in eucaryotes: 

 - in satellite and in centromeric sequence (CEN), as a rule, it causes nothing; 

 - in autonomously replicating sequence (ARS), - either nothing, or it ceases the whole replication at this  

    point;

 - in transposon, - either nothing, or transposon becomes fixed on its point, or the causes for its 

   transpositions alter; 

 - in enhancer and silencer, - either nothing, or the expression of the big block of genes changes; 

 - in promoter-operator region, - either nothing, or the appropriate concrete downstream gene switches 

   off, or it constitutively switches on, or the obstacles of its transcription change (for instance, it 

   becomes thermosensitive); 

  (in both above-named cases, the protein itself will be the same); 

  - in intron-exon boundary, the splicing can be ceased, thus producing the new aminoacid block inside   

   the protein, or even  altering all the protein downstream this point (if the nucleotide number in the 

   former intron isn't multiple to 3); 

  - in protein-coding region, either nothing, at various levels: 

          - the same aminoacid (because of redundancy of triplete code), 

          - the functionally similar one (in so-called Toguchi neutral mutations), if 

                  - either the "old" and "new" aminoacids are structurally the similar ones, 

                  - or this part of protein can be changed without changing its function, 

  - or change the structure and function of protein (sometimes it's drastically expressed in  

    many organismic levels, as in sickle-cell anemia, in malignization caused by the mutation in the 8th 

    nucleotide of Ha-ras coding region, etc..).

   In all the above-named cases of changes in both regulation of gene expression and structure and function of its product, any concrete changes in phenotype are mostly predetermined by the concrete previous meaning(s) that this concrete gene already coded before this point mutation took place. 

   So, the single common one-digit change can lead to various functional consequences that depend on the local DNA contexts themselves. Hence, it can be said that these sequences do interpret this common sign, and then their common internal change,  by different ways.

  It can be objected, however, that all of that depends on the entire living cell, on its appropriate enzymatic complexes of replication, transcription, splicing, translation, and so on, and thus also on their appropriate gene sets. If so, then the DNA sequences per se aren't the sign interpreters. 

   It's true, but only partially. Many of the named sequences do mantain their own previous meanings after being extracted and inserted inside new surrounding sequences, into various recombinant systems, and even express their own meanings in new highly heterological host-vector systems (although by means of their most homological elements). If such point mutation was made in them before, then they also keep their interpretational changes in new surroundings. Any case, we call such sequences by different ways: as signs, as sign vehicles, as carriers of meanings, or as their interpreters. All of that is true, while we see that such events can be interpreted as their autonomous behavior, "their own will". 
And the metaphors do reflect it as well.

   Now, it can be supposed  that the next years, more and mo re new "animizing" metaphors will come into genomics from ecology, ethology, psychology, sociology, and other biological and humanitarian disciplines that study the supraorganism systems. Maybe some of appropriate concepts and simulational models, already created in these presumable "donor" sciences, can be useful for geneticists as well. And, along with the just started "upwelling" of genomic research on higher genetic levels, i.e. on gene sets in phenotypes, these metaphors, along with the appropriate concepts and models, may also cover them. 

   Now, to study a lot of such a new metaphors in statu nascendi, I propose here the simplest algorhythmical method that would permit to catch them from the great databases available through Internet, to collect and to classify them, thus compensating  the retardations - both of the named glossary and of the present article.  

   As a rule, to use the new metaphor for the first times, its author  writes it in inverted commas. But, unfortunately or on, now these commas are ignored by all the computer program for verbal search that, as I know,  are broadly usable for well-known great databases with references' names  and/or abstracts (for example Medline, Genbank, NCBI databases, etc.). So, we'll catch these metaphors from them, if we only modify these programs, making them to extract algorhythmically any word and phrase that contains any literal(s) surrounded by inverted commas. While asking '(gene OR genes OR genetic) AND "... ', 'chromosome AND "... ' etc., we'll extract them, while classifying simultaneously by means of these "marker" words that correspond to appropriate structural levels. 
 Empirics II: 

 Metaphorical reasonings in some outstanding monographies. 
   Unlike the previous chapter, the results discussed below don't cover neither all genetical structural levels nor all fields of lexical borrowings. And only few books were still analyzed. But each of them served for the case study that revealed its own pecularities. I hope that it's only the first step.

  Now, even the most prominent books on genetics are still far from any philologists and linguists: the bases of modern genetics are still uncomprehensible and thus frightening for them. 

    The approach proposed below can help them. It can be developed even by them, initially without the a priori genetic knowledge: they can study its concepts while achieving  their own linguistical and phylological research that can somewhat resemble the discussed below.  Surely, the cooperation with the geneticists and the acknowledgement with their basic literature should be needed. 
   The further prospective of this trend is the simulational modelling - both of real biosystems and of their cognitive models - based on their verbal descriptions and visual images already made by various biologists. So, various genetic concepts, as the contradictory and thus the alternative ones as the additive and thus the “consensual” ones, should  be represented as hypertexts and dynamical schemes. These models should show various hypothetical interrelations as block-schemes, where the genetic structures and processes of various levels should be represented as the nodes and arrows inside the oriented graphs. Some of these nodes can represent the subjects with "the free will", i.e. with self-produced dynamics and expression, and thus managing the other nodes - determined or shifted from outside. In texts, they're described, respectively, by animizations vs. physicalizations, - respectively, in active vs. passive verbal forms, along with the appropriate denotations (for example, "chromosomal behavior" vs. "mechanisms of mitosis"). So, the changes in metaphors can change the directions of the arrows in these schemes.  Such a virtualized cognitive models must include genetic concepts created by various authors during various periods of genetics. Unlike the well-known databases, as EMBL Sequence DB, Genbank, PIR, and all other Databases that develop along with the genomic projects - and in addition to them - these systems must contain not only the verified knowledge but also the hypothetical blocks, disputable topics, contradictions, and “white spots”, marked by the respective signatures (or even the refuted ideas - while  dealing with their history and development). It should be not only the compression of ideas but the real research tool for geneticists, that can enable “to see the wood by observing the trees”-  just now, when the income of publications on genetics comprises hundreds of thousands per year, along with the above-named exponentially growing databases.

  Then, the models created so far would be useful as for  geneticists themselves as for cognitive psychologists, or even for future neurobiologists, that try to understand the creativity without any injuring invasive methods. Such a “symbiosis” between geneticists, linguists, psychologists, neurobiologists, and programmers, should enrich all these fields of knowledge. For geneticists, and then for other biologists, it can help to understand how their real multilevel systems work. Being reframed and studied in the logically constructed experimental situations, biosystems would show  which of thus obtained meta-concepts fit the reality. For the specialists in another above-named areas, - it could reveal how can develop the highly-creative mental processes that represent many real complex biological phenomena, and even to use them in their own, i.e. artificial, intellectual systems. 

   Here, we'll fix only on some protrude physicalizations vs. animizations used for functional genetic systems, and so, on pairwise interrelations between different structural levels expressed by these MRs. For this, we'll use some well-known books on genomics written during the last forty years. The MRs under search can last from few words to the big set of phrases and paragraphs about the same subject located in various parts of the same book. Unlike the terms, these MRs - because of their complexity - don't became the usable verbal tools for the professional society, but remain only in the author's texts. 
   The proposed method is the following. All the MRs are taken from the text of the book as the quotation list. Concerning any subject or the combination of subjects, the comparisons of such a quotations about them, when taken from from one book, comprise its "meta-metaphor(s)". It can be represented as the simple block-scheme of concepts. These schemes mostly coincide with the opinions of colleagues that are verbalized in their prefrases, epilogues, and reviews about these books. Moreover, - as it's shown below,  this approach often reveals the authors' "hidden knowledge", that's omitted both by themselves and by their reviewers and opponents: the abundant empirical data mask from them some "white spots" - as real meta-phenomena described by themselves as their own logical pecularities in these descriptions.     

   By means of this article, we can only analyze some examples in brief, without the appropriate long  quotations themselves.  To do it, even for few monographies discussed below, the big book would be written. Let's hope, however, that these picturesque geneticists' stylistic devices will be analyzed from viewpoints of philology, and even of aesthetics. So, - the examples. 
   At the late 1960s, M.Icas used some metaphors only at the end of his book (Ycas, 1969), while discussing the problems of universality of the yet-deciphered DNA-protein code: he considered this code, along with its evolution, as the self-developing system that sometimes reveals its own "free will"; it hardly can be represented only by the physico-chemical laws, but resemble the machines
   The S.Ohno's book (Ohno, 1970) became the big imput into the study of molecular and genomic evolution, while based on the vertebrates' examples. Those years, the neodarwinian paradigm predominated in USSR, and it even obliged to the editors to substitute the name of this book: the Russian name of its publication means "Genetical mechanisms of progressive evolution" (1973).  In its prefrace,  the well-known geneticist B.Sidorov wrote that Ohno  had underestimated the role of natural selection. However, the analysis of Оhno's numerous and bright metaphors shows that this selection is also considered by him as the strong active and a bit creative force; but the autogenetic processes, i.e. the internal rules of the development of genomes, really were the leading ones at the most crucial concrete stages of  vertebrate evolution. A propos, now it's proved by the broadest and multilevel genomic research. So, both this Ohno's discourse itself and the later appropriate data and concepts need to be visually represented.      

  The meta-example of the trends in professional language inside one research school is revealed from  the totality of books of V.Ratner and his disciples, the "Novosibirsk school" of computer genetics. During more than 30 years, they develop the cybernetical and informatical approaches to the molecular genetic research. The verbal analysis of conclusions in their monographies, that were written in various periods up today, shows the following. Firstly, their MRs included  the big deal of cybernetical thesaurus, so genes and genetic systems are described mostly as the mechanisms and electronic sets (Ratner 1975). Since the mid 1980s, it's more and more supplemented (but not substituted) by the "animization" MRs that characterize them as the free living systems, i.e. as quasi-organisms (Ratner at all, 1985, Ratner et all, 1996).  So, here both these paradigms coexist, while the later one increases. 
   The eucaryotic mobile genetic elements were discovered at the end of 1970s. Then, since early 1980s, the main concepts on genome evolution were strongly reformed. Let's take the book of  Symposium that took place at Cambridge, UK, at 1981 ("Genome evolution", 1982). The MRs from all its articles were enough to see that all its authors can be divided in two groups, "reductionists" and "holists". The first ones argued that the evolutionary pathways of the whole genomes were determined by the independent changes inside various  genetic elements, i.e. by their proper behavior sensu lato. According to the second ones, the main changes in architectonics of genomes were caused by their coordinated and integrated development, and the later one determined the evolutionary changes of their individual elements. After that, the fact that all this conference reflected the hidden discussion between these two viewpoints, was formulated post factum by J. Maynard Smith in its final speech, and published in this book as  "Conclusion".  

     Our countryman, well-known molecular geneticist R.Khesin, in his final Opus magnum, the monography  "Inconstancy of Genome" (in Russian, even this name has the somewhat animizing sense), analyzed and compared more than 3500 publications on the world experimental research performed till those days, mostly at earliest 1980s - the last years of Khesin's life (Khesin, 1982). The list of quotations taken from it includes more than 40 long MRs. When taken per se, they resemble the short fairy-tales. In these MRs, the animizations cover only one genetical structural level, genetic elements s. functional DNA sequences. Other metaphors are absent, because just these elements are the basic subjects of this book. Here, the most interesting is the following. Let's take three structural levels: gene or another functional DNA sequence, chromosome, and genome. What rules what in concrete biological processes? Since 1925, the "holistic" meta-phenomenon is deeply investigated and termed as 'position effect'. It means that for several genes, the level and even the character of their expression depends on the specificity of several chromosomal regions in which each of these genes is placed. In this book, these phenomena are also noted several times. But the opposite, i.e. the "reductionist", phenomena are more interesting ones - both for Khesin and for us now. Some of animizing metaphors can be used as markers: in various research topics of this book, concerning different DNA elements of different cells and organisms, these MRs reveal that the spontaneous or directed transposition of several genetic element causes the complex destabilization of many another parts of genome: the mass transpositions of another DNA sequences, the multiple chromosome rearrangements, and so on. These metaphors mark some of these cases, and another ones were seen in another topics as well. 

   So, Khesin collected these examples, while missing that their set reveals the single meta-phenomenon. Surely it needs the special genetical term that still doesn't exist. 

  Moreover, - such effects, when the transposition of some single element (sign) causes the expedient structural changes in its entire system (context), are rare in any other systems and very interesting. I could find only few linguistical and programming examples. 

  While creating the metaphors (and, as  it's shown above, it's inevitable for high-level creativity even during the strict scientific rationalization), the scientist, as also the writer and the painter, can let out subconsciously some implicite senses that contradict to his own declarations inside the same text. It's just the particular variant of "hidden knowledge" revealed earlier (M.Polanyi, 1958, 1969). The good  example of it is the monography (Lima-de-Faria, 1988). Its main idea is that all biological structures and processes,  and their evolution, are similar to the things of quantum physics and crystallochemistry. These concepts are illustrated by numerous photographies that represent various visual similarities between biological and non-biological structures. However, in many long reasonings, the author's lexicon and style do reveal his own perceivings - just the opposite ones: all along the book, only the biological subjects are metaphorically animized. So, "the elementary particles already show specific ancestors and specific rules of evolution" (p.18), no more; it's the most "animizing" reasoning for non-biogenic subjects.  Biopolymers, however, are several times characterized by somewhat "animizing" verbs. And only genetical structures are described as following:  "How the gene, chromosome, and the cell counteract the environment and death" (it's the name of the whole chapter 17); here, only "environment"  concerning DNA (p.209), and "...environment and death" concerning gene and chromosome (p.209-212). DNA "...has the ability to repair inflicted damages on its original pattern...", although "...is not able to carry out this repair alone" (p.210); "gene ... evades the environment in many ways", some genes "substitute for other chromosome segments by performing their activity... All genes cheat selection.   ...gene S ... collaborates with two other genes. The gene has the capacity to sense and adjust its own numbers, mainly according to its own rules" (p.211). "The chromosome conserves, innovates and explores with its own tools" (p.219); "...survival of chromosomes during meiosis..." (p.211); "chromosomes without telomeres do not survive..."; chromosome "can develop its own organization... possesses an arsenal of devices that allow it to follow its own rules, ... it is able to change its structure and function... The cell is obliged to die but the chromosome... manages to survive independently of the fate of the cell (p.212). It's crucial that this chapter, being full of animizing MRs, is dedicated to cytogenetics, i.e. just strictly to that area in which Lima-de-Faria is the well-known researcher. (In his own analytical and experimental works since 1960s, he revealed some main principles of the intrachromosome location of genes and of the architectonics of the chromosome as a whole.). As a whole, animizations are used here only for biosystems in the context of life, and more life-specific are the subjects more strong animizations are used for them. Hence, concerning the structural levels, behavior is verbalized not as "raised bottom-up" but as "descended top-down", and implicitly restricted by the life processes. So, MRs reveal here hidden strongest bio-holism that's aimed to be told as extreme physical reductionism.

   A propos, without this lexical analysis, this contradiction of this book was overlooked even by outstanding geneticist L.Korochkin, the editor of its Russian publication and the author of the big profound critical epilogue in it. 

  How can be interpreted these controversies, as the hidden unscruoulousness or as the conscious garbling? I think that none of these accusations is possible. It's just the case of "pseudosubstitution" 

(the term proposed by M.Polaniy): the explicitly neglected idea is implicitly introduced into the same  discourse as its urgent element. Let's also use the metaphor for it: as a result, the "corner-stones " of the concept seem like "consisting of the anti-substance", but none "annihilation" doesn't take place - the entire "building", i.e. the concept, seems to be the stable one, - maybe only temporarily.
  As to the Russian-written genetic literature, many examples of MRs are displayed in the texts of the well-known representators of "Novosibirsk genetic school", R.Berg, M.Golubovsky, V.Ratner, and others.  Maybe it reflects their freedom of creativity,  both personal and microsocial. 

  At the contrary, in two reviewing monographies in Russian that are focused on the same problems that the above-named S.Ohno’s book, i.e. on the evolution and organization of the vertebrates’ genomes, but were written later (Ginatulin, 1984; Birshtein, 1987), any MRs were used very seldom, and all of them appear only at the ends of these books, in the descriptions on the new original authors’ concepts. Maybe this rareness of MRrs reflects either the correctives of the editors, or a priori presuppositions by the authors themselves (while they wrote these books), or both of these factors. It’s hard to say what’s reflected by it: the correctness of the positivist descriptions, or the internal “self-censure”. However, even the main ideas of these books are revealed by means of the analysis of those seldom final metaphors. Basing on the molecular genetic data, both authors showed which concrete differences between the chromosomal architectonics among the main taxa of modern vertebrates took place hundreds of millions years ago, and could be caused by their complex reorganizations during aromorphoses, i.e. the beginning of terrestrial life, formation of  fetal envelopes, of sex chromosomes, etc...

I hope that even these few cases are enough to call the interest among  psychologists, linguists and philologists, logicists and methodologists. By further research of another MTs and MRs in genetics and in biology as a whole, specialists and adorants of the language should acknowledge with the deep modern biological problems, while appreciating the merits of our professional language, while we should work with them to reveal some hidden ideas of our colleagues from their texts, as old ones as new ones. Concerning the giant data set already obtained, it should help to compare many disputable keypoints in cognitive and virtual models for  main biological meta-processes: gene and genome functioning, development of various multicellular organisms (including  aging and various cancer neoplasias), evolution in various taxa, and dynamics of diverse ecological systems. These metaphors should  be useful to compare various simulational models and schemes. Then, the later ones should be tested and selected (in K.Popper’s terms, “verified” vs. “falsified”) by further empirical analyses and experiments, maybe also recurrently promoted by these models. So, let’s hope that such a meta-verbal and visual hypertexts and dynamical models will be the newest methodological tool, that must enrich both genetics and biology as a whole, and linguistics, and cognitive psychology as well. It’s one of the presumable ways towards the artificial intelligence - to model as the real natural phenomena as our creative processes that emulate them. Maybe neurobiologists  will combine these approaches with further harmless experiments in vivo, and will display the dynamics of complex forms of knowledge that exist inside the intact creative brain(s). As it can be preconcluded from the short description  (Brier, 2000, p. 63), the newest J.Lakoff’s works on “the metaphorical computing systems” seem to be just the similar. 

   However, here I try to show only the first steps towards this new interdisciplinary research - those few but crucial nodes in the giant hypertext of modern genetics that represent as real mulitlevel phenomena of life as their images in our creative mind.
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Graph 1. Appearance of new metaphorical terms in genetics during ХХ century (by five-years timespans).




         О -  the number of metaphorical terms that appeared during 

                the 5-year period up to the year marked;

The same graph after the corrective rectification performed using 

 the  "gliding mean" method:

- starting from the 3 first points;

       (small triangles)  - just the same in the "contra-phase", after the step per 1 point to the right side. 
Table 1.  Quantities and properties of metaphorical terms in genetics:  distribution by the cognitive areas of the lexical borrowings (columns) and by structural levels of genetic systems (lines).

Metaphorical terms that can be attributed to more than one cell were placed into each of these cells.
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Table 2. Dynamics of formation of the most abundant groups of dated metaphorical terms in genetics

              The relatively big amounts are marked by (*).
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