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Discussion
In previous papers, we studied the variability of a selected clone F and its malleability by the environment: its area available to growth; effects of medium composition; density of the substrate; temperature; the presence of neighbors, homospecific or not; signals carried by both medium and atmosphere etc.1,12-15,20 It is self-evident that we cared for the constancy of the clone: it was stored deep frozen and periodically renewed after a couple of transmissions. Rare spontaneous deviations from the typical colony appearance (that always appear in cultivation) were not studied further and were excluded from experiments—yet meticulously documented.

In contrast, in the present paper we focused our attention to so frequent and mostly unwelcome variability and tried to uncover some regularities (if any) in pattern distribution. We analyzed protocols accumulated over 10 y and established new experiments, in attempts to induce and/or increase both frequency and repertoire of variants. The results can be divided into 3 groups:

(i) Small random, nonheritable deviations from the standard F pattern (Fig. 1B, 2A, C), apparently originating in imperfect synchronization of growth.15,21 (ii) Red or white sectors appearing at random in otherwise standard colony (Fig. 3) represent mutant clones that lost the original variation potential of the mother (F) morphotype, giving rise to heritable smooth red or white colonies. (iii) Heritable and stable, i.e., mutant, morphotypes were isolated also upon a prolonged cultivation in liquid medium (Fig. 4). A single exception is the morphotype wpr (Fig. 7) tended toward the F morphotype after several generations.

Comparison of groups (i) and (iii) (see cartoon in Fig. 9) reveals that both produce similar variants; the set (i), however, is much richer in such patterns than the set (iii). What is also common to both sets is their “disciplining” in the presence of a heterospecific neighbor(s). This is especially apparent when a foreign body enters the game: the play of variants becomes reduced to the original motif F surrounded by an X-structure, without producing baroque structural “excesses.” All profiled forms apparently remember their F-origin, whereas convex smooth mutants either escaped the boundaries of the variation space available to F, or they may represent a reversal to some more ancestral forms older than F.




Figure 9.
Summary of effects of heterospecific neighbor on both hereditary and non-hereditary variants of the F colony. The left side of the scheme shows examples of non-hereditary variability, like disturbances of the ring, or deviations of symmetry (Fig. 2 ...
Back to the long-term cultivations (iii): by such—quite drastic—treatment we obtained forms similar to the set (i) above, but stable. They, however, all belonged to a subset of the much broader array of forms observed in non-hereditary variations of the mother morphotype F: mutants (with an exception of M) did not escape from the manifold of variability typical for F, they represent rather limited but fixed subset from it. Such a narrowing of possibilities, however, enables the mutant to explore a new space of morphological possibilities – beyond that available to F, as documented in this and in previous publications (refs. 1, 12-15, 20). Whereas the “basic” appearance of such mutants is tuned to the mother phenotype F, it will produce a manifold of new possibilities not available to F.
Colony shaping
In ref. 14 we speculatively divide the early morphogenesis of multicellular bodies (including bacterial colonies) into 2 phases. In the first stage the newly established germ must remain insulated from the rest of biosphere. In contrast, the second phase is characterized by establishing manifold of liaisons with other dwellers in the biosphere. If the early phase is disturbed by other life, morphogenesis is aborted: this is what happens to bacteria living in multi-species consortia. In contrast, if it remains insulated during the second phase (germ-free or gnotobiotic organisms), its further development becomes usually flawed. In case of bacteria, however, isolation in the second phase will not lead to a collapse. On the contrary, the colony as if became freed from continuous ecological negotiations, and only at such rare occasions it can display its rich morphogenetic potential. This is why fully developed morphotype F (and its variants) will appear only if the colony is freed from biospheric interactions, i.e., is allowed to grow far from any disturbing neighbors (as is the case in consortia), with no or limited interaction between colonies. The colony therefore represents an analogy of “germ-free” organisms as described in animals and plants, and interactions between colonies are, in turn, similar to gnotobiotic arrangement.
The fragility of such a “germ-free germ” body is apparent if neighbor bodies (homo- or heterospecific) enter the game and influence (reciprocally) the “typical” morphogenesis. If densely sowed, the colony development is slowed down or even frozen (as a population of very small flat smooth colonies, Fig. 1); even denser population leads to an undifferentiated cell mass – macula (Fig. 1C). In the presence of heterospecific colonies in the neighborhood the development may get steered toward some structures—even new ones, as in case of structure X (Fig. 1D). Interaction also may be demanding for resources—hence reduced play of variations in interacting bodies.
Why variability?
Variations in colony appearance may be caused by several factors:
(i) Random environmental fluctuations. Under experimental conditions used, most of environmental constraints fade away. Any random, minimal fluctuation in physical parameters, nutrients, or signals, may shift the colony appearance within the realm of space of possibilities. As such shifts do not influence the survival, changes do not matter.
(ii) Releasing the brakes of variability. Experimenting with variations may be costly or even dangerous. However, under released conditions mentioned above, internal potentialtoward self-manifestation (sensu Portmann22) will become released. Again, from the point of survival the changes are unimportant, but in contrast to previous point, they do matter. It seems that any free surface can be assigned a function of such “semantic organ”23 Bacterial colonies released from survival duties may represent non plus ultra semantic organs of a kind.
(iii) Natural selection may, however, be also a decisive factor for variation. Here, bacteria that do not produce dormant stages, must ensure their successful dispersal: attractivity, e.g., to bacteriovorous insects (like Drosophila) by color ornaments and olfactory cocktails.20,24 may play a decisive role, similar to the games played between flowers and pollinators. Such a normative selection (reduction of variations) may take place in the presence of heterospecific bacterial bodies
Bacterial recombination is a type of genetic recombination in bacteria characterized by DNAtransfer from one organism called donor to another organism as recipient. This process occurs in three main ways:
Transformation, the uptake of exogenous DNA from the surrounding environment.
Transduction, the virus-mediated transfer of DNA between bacteria.
Conjugation, the transfer of DNA from one bacterium to another via cell-to-cell contact.[1]
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The final result of conjugation, transduction, and/or transformation is the production of genetic recombinants, individuals that carry not only the genes they inherited from their parent cells but also the genes introduced to their genomes by conjugation, transduction, and/or transformation.[5]
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Recombination in bacteria is ordinarily catalyzed by a RecA type of recombinase.[8] These recombinases promote repair of DNA damages by homologous recombination.[8]
The ability to undergo natural transformation is present in at least 67 bacterial species.[9]  Natural transformation is common among pathogenic bacterial species.[10] In some cases, the DNA repaircapability provided by recombination during transformation facilitates survival of the infecting bacterial pathogen.[10] Bacterial transformation is carried out by numerous interacting bacterial gene products.[9]
