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The Rebirth of the Morphogenetic Field
as an Explanatory Tool in Biology
Abstract I discuss two uses of the concept of the morphogenetic field, a tool
of the 19th century biology motivated by particular ontological views of the
time, which has been re-emerging and increasingly relevant in explaining
microbiological phenomena. I also consider the relation of these uses to the
Central Dogma of modern biology as well as Modern Synthesis of Darwinism and genetics. An induced morphogenetic field is determined by a physical
(e.g., gravitational) field, or it acquires a physical (e.g., visco-elastic) field’s
characteristics. Such a morphogenetic field presents only a weak challenge
to the Central Dogma of Modern Synthesis by indirectly, albeit severely, constraining variability at the molecular level. I discuss explanations that introduce structural inheritance in ciliate protozoa, as well as the experimental
evidence on which these arguments are based. The global cellular morphogenetic field is a unit of such inheritance. I discuss relevant cases of structural
inheritance in ciliates that bring about internal cellular as well as functional
changes and point out that DNA is absent in the cortex and that RNA controls neither intermediary nor the global level of the field. I go on to argue
that utilizing knowledge of known physical fields may advance explanations
and understanding of the morphogenetic field in ciliates as the unit of both
development and inheritance.

1. Introduction
[T]o an evolutionist, the interesting question about …cytoplasmatic
localization is not whether such localization is essential for proper development, but whether, if the localizations are changed, the
result will be an adult which produces eggs with similarly altered
localizations.
In general, the answer to such questions is no. There are a few wellestablished exceptions, of which phenomenon of ‘cortical inheritance’ in ciliates is perhaps the most important. Neo-Darwinists
should not be allowed to forget these cases, because they constiƤ Ǥȋ
Smith 1983, 39)

Judging by recent studies of the so-called structural inheritance in ciliates and related phenomena of cytoplasmatic inheritance, one might
conclude that Neo-Darwinists have reason to be worried.ͱ And these
1 This work was supported by the project “Dynamic Systems in nature and society:
   ǳȋ ͛ͣͥ͜͝͠͝ȌƤ 
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cases might be only one instance, albeit the most important one, of the
    ƤǤ
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 Ƥ  
rather obscure Naturphilosophie and the Romantic understanding of
life and science, it was a potent tool in the 19th century study of morphogenesis. While it was initially sidelined in an age of biology predicated on Darwinism married to genetics and the microbiological study
ȋǤǤǡǦ Ȍǡ Ƥ plaining development, morphogenesis and inheritance. Indeed, some
   Ƥresents a serious challenge to and a comprehensive alternative for the
Ǧ ȋ͜͜͞͝ǡ͠Ǣ ǡơǡͥͥ͢͝ǡͤ͟͢Ǣ ͥͤ͢͝Ǣ ͥͤ͝͠ȌǤ
 ȋȌ sive hereditary units, and that virtually unlimited variations at the molecular level – the result of mutations and recombination – produce
traits that become the subject of natural selection, thereby allowing a
  ȋͥͤ͝͞ǡ
ͥͥ͝͡Ǣͥͤ͟͝ȌǤǡ ȋƤȌnian Neo-Darwinist germ-centrism, DNA controls the details of protein
synthesis and activity in morphogenetic and developmental processes
ȋͥͤ͝͠Ǣͥͤ͟͝Ǣͥͤ͝͞ȌǤ
Ǧherents to the Central Dogma should not overlook the cases of cytoplasmatic inheritance, I will discuss the extent of the present challenge
        
 Ƥ  Ǥ

2. Induced Morphogenetic Fields
Experimentally based studies of morphogenetic and developmental
  Ƥ
in explaining developmental, embryogenetic and morpohogenetic processes, as the explanations of such processes introduce the level beyond
of Education, science and technological development of the Republic of Serbia. I
would like to thank Jan Sapp, Carlos Sonnenschein and J. Frankel for their helpful
comments and fruitful discussions on the topic, a well as the participants of the
     
work was presented.
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the molecular one as provider of genetic information. In arguing this
ǡ ȋͥͤ͝͠ǡͥ͞͝Ȍǲ  
products do not generate form.” Some even assert that the rebirth of
  Ƥ  ǲ  ǯcy” that “phylogenetic developmental mechanics would determine how
    Ǥǳ ȋ ǡǡơͥͥ͢͝ǡͤ͟͢Ȍ
Thus, in the case of Drosophila  ȋ  ͥͤ͝͠ǡ ͣ͞͞Ǣ schmidt 1935) gene activity should be treated simply as stimuli which
ƤǢ
a response by means of an intrinsic morphogenetic mechanism. Thus,
ƪ 
computer program that determines each stage. If the embryos are exǦ Ƥ ȋǡ
temperature, X-rays, etc.), the morphology of the adult will be altered
in  Ƥ   and genetic mutations will alter it in the same ways
ȋͥͤ͝͞Ǣ  ͥ͟͝͡ȌǤ ƪ    Ƥ 
indicates the limited response repertoire of a highly structured internal
morphogenetic mechanism. The stability of this mechanism is the baȋȌ  ǡnetic dominance beyond the stage of protein formation.
The previous case is a particularly illustrative example of the so-called
   ȋ ǡ   ơ ͥͥ͢͝ǡ ͟͢͟Ǧ͠Ǣ 
ͥͤ͝͠ǡ͢͞͞ȌǤ ǡ  
structure of appendages. Such mutations in Drosophila can, for example, result in the growth of a leg on a segment of a body to which a difȋȌǤǡ 
sequences, namely the homeotic genes responsible for the formation of
 ȋ  Ȍǡ
ơ  ȋ ǡơͥͥ͢͝ȌǤ  ǡ
the order of homeotic genes in chromosomes turns out to be identical
ƪȋ ͥͥ͝͞Ǣͥͥ͟͝Ǣ
 ǤǤͥͥ͝͠ȌǤǡ ǡthe individual homeotic gene
 ơ ȋǤǤǡȌȋ Ǥͥͥ͜͝Ǣ Ǥͥͥ͝͞ȌǤ
Although homology is a complex issue that is related to the mechanism
of natural selection and the concept of biological function in various
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ȋ ƥͣ͜͜͞Ȍǡ  sion demonstrates the striking similarities of embryonic development
across phyla. The question is – what exactly can we conclude from this?
Taking the Central Dogma point of view, one could argue that embryơ ilar “problems” and “obstacles” and thus result in similar solutions.
This explains the similarity of the genetic sequence responsible for the
similar structural changes across phyla, as well as the appearance of
genes as mere stimuli in the face of the stability of morphogenetic
processes.
 ǲǳǲ ǳȋǤǤǡ Ȍ
non-trivial consequences for the understanding of morphogenetic phenomena from the gene-centric point of view.
184

From the gene-centric point of view “these constraints are historical
and contingent in nature, arising from the existing pattern of developǳȋͥͤ͝͠ǡ͟͠ȌǤ 
ǡƤ   Ǥ  ǲnative to [the] view [of contingent constraints] would be that there are
absolute laws of form, not historically contingent, determining what
  ǳȋǡǤȌ
be incorrect: instead of looking for such independent “absolute laws,”
   Ƥ ƤǦ Ƥ. Such an approach raises the question of the interaction of such a morphogenetic
ƤȋǤǤǡ  ȌǤ
The morphogenetic processes are embedded in particular physical
ǡ     Ǥ   ǡ   
 ǤǡƤǦ ȋǤǤǡȌ  be
induced in the organisms Ǧ ƤǤǡ
Ƥ 
    ȋ  ͥͤ͝͠ȌǤ  ȋ  ternative is physically and formally more tractable), the morphogenet Ƥ Ƥ  Ǧ 
Ƥǡ    Ǧ Ƥȋ
ͥͥͣ͝Ǣͥͥ͜͝Ǣ ͥͤ͝͡ȌǤ
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 Ƥ  toplasm, and even if it regulates the morphogenetic and developmental
  ȋǤǤǡ
Ƥ ƤȌǡǣ   ȋ
it)? Nothing in the arguments we have discussed suggests that the positive answer is correct. Nor is it clear whether, due to its very limited varȋ  ƤȂtational or visco-elastic – on which it depends remains unchanged over
Ȍ Ƥ Ƥ  Ǥ
To claim that the DNA-program paradigm is challenged by the neces   Ƥȋ Ȍ
is to attack too broad a claim. The proponent of the Central Dogma
can respond by saying that while the unfolding of the DNA-based proƪ  ǡǲȑȒ
here is … nothing ‘un-Darwinian,’ ” or more-precisely un-Neo-Darwin ǲ  ǳ ȋͥͤ͟͝ǡ͠͠ȌǤ
ǡ         Ƥ 
of the core of the Neo-Darwinian view since in order for the morpho Ƥǡ  ơǤ ǡ  
to dominate only the post-protein production stage is not pertinent to
this function, as the structure of the protein has been already altered
if mutations have occurred. Second, the externally induced morpho ƤǤ   vantageous in providing the stability of the morphogenetic processes,
Ƥǯ  Ƥ ǡit
 Ƥ  ȋ ǲǳ
ƤȌǤ  
 ǡƤƥ ȋ ȌǤǡ ƤǯƤ    ǡ
due to genes, and more importantly, are passed on by genes.
  Ƥ ǡƤ  ǡǤǡ
   ȋ Ȍ        strained might be irrelevant, as the mutations do not result in one-to-one
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mapping with the actual changes of phenotype: most mutations are idle
   ƤǤ
   ȋ  Ȍ  ƥ     
      Ƥ
    ȋ  ͥͤ͝͠ǡ ͥ͞͞ȌǤ    Drosophila embryos and homeogenic genes might provide more substantial
        ơ    
hence the scope of the genetic program are indirectly but severely con Ƥȋ ǡơͥͥ͢͝ǡ͟͢͠Ǧ
͡Ǣ ͥͤ͝͠Ȍǡ2 thereby rendering the second component of the Central Dogma irrelevant or at least prompting its thorough reformulation.

186

 Ƥ  sult from the genetic variations. Strictly speaking, inherited characteristics result from the mutations-selection coupling, irrespective of how
severely are mutations constrained. In fact, the view that “declaring the
  Ƥ   lutionary change is setting it up as an alternative to the solely genetic
    ǳ ȋ ǡ   ơ ͥͥ͢͝ǡ
ͤ͟͢Ȍ     ǡ   ǲ ǳ 
means the production and inheritance of variations. The inherited vari ȋȌǡ
  ƤȋǤǤǡ Ȍ Ǥ ǡ
    Ƥǯ
prophecy is unsubstantiated.

3. An Anomaly That Won’t Go Away:
The Structural Inheritance in Ciliate Protozoa
And The Global Cellular Morphogenetic Field
 ǡ         Ƥ is
found in ciliate protozoaǤ  ǡ Ƥ
variable, and as such, it is claimed to inherit the changes that are exter ƪ    Ǥ  ȋ͜͜͞͡ǡ ͝͞͞Ȍ  
ȋȌǣǲ  
a person whose leg had been amputated inherited the same handicap.”
2 ȋͣ͜͜͞Ȍǡǡ  ǡȋò͜͜͟͞ȌǤ ǡ
     ǯǡ 
ǯǯ ȋǤͣȌǤ
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 Ƥǡ ǡ  
inheritance in ciliates is the well-studied inheritance of inversions of
ciliary rows.
 ȋȌͤ͜͝Ǧ Ƥ
of ciliary rows in Paramecium tetraurelia and Tetrahymena thermopile,
 Ƥ Stylonychia mytilus and Paraurostyla weissei. The inverted rows are generated in the socalled fusion of cells-clones with identical nuclei with the “invasion” of
ȋǤǤǡ  Ƥ 
ƪȌ   Ǥ ȋ  Ȍ
 ȋ 
cilia prior to the “invasion” from the other cell).
Ǧͤ͜͜Ƥ ǡ
and the nucleus and the DNA in the nucleus seem to play no role. Sonȋͥͣ͜͝ǡ͟͟͡Ȍǡơ
call a strong interpretation of the phenomenon: the molecular cortical
geography, whatever its exact structure might be, determines the initiaǡȋǤǤǡ Ȍǡȋ  Ȍ  ƪ ǡ  
in the “invader” and the “invaded” cells. And such molecular geography
  Ƥ Ǥ
One might doubt the soundness of such an interpretation, and won  Ǥ
about other similar cases, it could be that the nucleus in the detached
cell mutates rapidly upon detachment and is responsible for the inverǤ    ȋǤǤǡ
why does the result of the mutation coincide with the result of the inva  ǫȌǡ ơ tive unit of inheritance.
 ȋ ͥͤͥ͝ȌǤ
genetic mutations result in either the appearance of erratic ciliary units
outside the rows or the disorganization of the rows, while the ciliatoȋ  ȌǤ
  ȋ
mutations) or otherwise, the ciliary units retain their position – unlike
in the fusion experiments.
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       Ǧ  Ƥtion – a functioning unit of two cells fused at the anterior and posterior
Ǥ ơ ǣƤǡ
the failure of separation of conjugating cells, second, by the spatial ad ǡƤǡ
microsurgically created fusions. The cells produced by the second and
third technique are typically stable. In the inherited homopolar dou ȋǤǤǡ    Ȍ    
ǡ ȋǤǤǡ Ǧ tion has not changed): the duplicate sets of surface structures around
the common endoplasm lack internal division – we have a doubled cortical organization. Now, in the doublets conjugating with singlets, the
doublet ex-conjugate gives rise to a doublet clone and the singlet to a
singlet, even though the ex-conjugate clones are genetically identical.
ǡ  3 can be experimentally accompanied
by a massive exchange of internal cytoplasm, thus ruling out the control
of the process by organelles. And when the nucleus is divided unequally
and imported into doublets and singlets, it grows back to its usual size.
ȋ ͥͤͥ͝ǡͤͤǦͥ͝Ȍ cleus and its content is controlled by the doublet organization, not vice
versaǤ ǡȋͥ͢͟͝Ȍ  
the study of doublets that the cortex remains the only candidate for the
control of development and that it is responsible for inheritance.
 Ƥ 
does not play a role in cortical inheritance, this understanding can be
questioned at a more general level. In fact, the entire case might be
deemed essentially irrelevant to what we normally regard as inherit Ǥ ǡ      ȋǤǤǡ   Ȍ    
   Ƥ
basal bodies: they synthesize the cortical proteins and enable reproduction after all. Second, the peculiarities of the “cortical inheritance” do
nothing to question the basic premise of the Central Dogma: rather,
 Ƥpeculiar examples of
variations of multiplicity or orientation of structural patterns while the
internal cellular structure and functions remain the same. Although, the
above cases are puzzling, once could argue that they are independent
3 Singlet ciliates have two nuclei, macro and micro-nucleus. Doublets will have
either one or two macronulei. As a matter of fact, the number of doublets with one
  Ƥ ͜͜͜͡͝τ
than in the macronucleus of a singlet.
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from the understanding of what one would label inheritance – unless of
course one were to adopt an idiosyncratic and insubstantial notion of it.
The study of inheritance in certain types of the doublets, however, clearly shows that such an assessment is on the wrong track. The inheritance
ȋȌǦ 
the so-called type III doublets is substantial, as the heritable mirror-image global inversion ơ netic system (really the entire cell) and its functionalityȋ ͜͜͜͞ǡ
93). The cortical bodies of one of the genetically identical “semicells” in
 ǦǤơ  ȋ
 ơȌǡ
 ƪ
sweep the food away from the oral pouch, and the subsequent DNAbased reorganizations of the internal structure, quite common in ciliǡ  ȋǦȌ Ǥ ǡ
the right-handed semi-cell will propagate the right-handedness in its
ơǡǦơ
the dysfunctional cell, despite the identical nucleus.
One could also argue that “[m]ost cases of ‘cytoplasmatic’ inheritance
turn out to depend on non-nuclear DNA and RNA, a fact which encourages a still more gene-centered and less organism-centered view of evoǳȋǡͥ͟ȌǤ
No traces of DNA molecules have been found in the cortex of ciliates.
Still, it is possible to speculate that an explanation of these processes is
available at the level of the cortex: cortical RNA might be responsible
for patterning and turn out to be the unit of heredity. Indeed, the RNA
   Ǥ 
     ȋǡ   Ú ǡ ͜͜͢͞Ǣ 
Ǥǡ͜͜͢͞Ȍ  
propagation of ciliary rows – what turns out to be, as we will see shortly, only an intermediary level of the structure that governs development
and inheritance.4 And it is even less likely that it will account for the indispensable of  Ƥ ment and inheritance of ciliates by controlling polarity of the cell.

4 It seems that RNA plays only a secondary role in mediating the epigenetic
“program” which directs the disintegration of DNA in morphogenetic processes.
ȋ Ǥǡͣ͜͜͞Ȍ
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The explanation of both the development and inheritance of large-scale
organization found in Oxytricha and Stylonychia doublets requires
       ƤǤ    
the stage of the cyst which incurs a complete loss of the internal cellu Ǥơ ǡ 
Ǥ Ƥ  Ǧ  
disappears during the cyst stage. That is why the extra marginal rows
that are propagated for several vegetative cell generations completely disappear after the cyst stage. They should not do so if these local
structures are preserved and responsible for the post-cyst development
ȋ ͥͤͥ͝ǡͤͥǦͥ͜ȌǤǡ ed doublet of a certain type will produce the doublets of the same type
  ȋǤǢ ͜͜͜͞ȌǤ
190

   ǡ
  ȋǤǤǡ blet III type, not as a singlet, despite their identical nuclei), whose geȋȌǤ  ơ 
 ơǡ   clusion that the cortical RNA can hardly be the silver-bullet, as the local
cortical structure itself is irrelevant to such changes. One is led to conclude that “something global” must be inherited.
Indeed, the global polarity in ciliates exhibits supremacy over the cyǤ Ƥ
contractile vacuole pores, as well as the position of mitochondria microtubule bands and the anterior structures. In addition, the change of
ȋȌ  ȋ ͜͜͜͞ȌǤ
In sum, there are three distinct levels responsible for patterning deǣ    ǡ    ȋ 
Ȍ  ȋ   ƤȌǤ  ǡ
to be discussed at the greater length in the next section, is dominant,
       ȋ  ͜͜͜͞ǡ ͥͣǢ 
ͥͤͥ͝ǡͥ͞ȌǤ   ǯ
patterning. RNA has only a mediating function in cortically-controlled
inheritance in ciliates, while DNA does not seem to contribute at all.
As for the molecular basis of the origin of global polarity, some interǦ  Ƥȋ ͜͜͜͞ǡͥͥ͝͝Ȍǡ
where chemical substances acquire morphogenetic functions in the
    ȋǤǤǡ         
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existing spatial circumferential structure). This is quite the opposite of
  ƤǤ
 Ƥ 
 ȋ Ȍ
which trace the assembly processes, along with the positional informa Ƥ   Ǥ5ǯ
 ȋͤͥ͝͞ȌǡǤ  counts for a system whereby the anatomy of the elements depends on
 ƤǢ ǡ
ǡ Ƥ
important than their individual structure.
  
plays only a minor regulative role, the nature of both the global mor  Ƥ  ǲ ǳ    
inheritance is far from being understood. The ciliate morphogenetic
Ƥ Ƥ  ǡ  Ƥ ǡ
 ȋͥͥ͝͝Ȍǣ
We can only guess at the medium within which the patterning instructions reside: is it a cell membrane, the epiplasmatic layer … or
some gelated ectoplasm underneath that? … And as for the message,
ơ ǡȋǫφφ
ǫȌǡƤǥǫȋ ͥͥ͝͝ǡ͡͞͠Ȍ

Thus, one needs to talk about the dynamic change-sensitive property
ȋ ͜͜͜͞ǡͥ͝Ȍǡstood as global structural templates, not as informational in the sense
ȋ ͜͜͜͞ǡͥ͜ȌǤǦ
molecular approach to the unit of inheritance expects the analysis of
molecular structure to reveal the message. In the case of the morphoge Ƥ ǡƤ  ȋȌǤ
     Ƥ
is not likely to produce any interesting results, analogies between
the two might be a good starting point. Such analogies would raise a
number of potentially insightful questions. To start with: is the global
5 The cell signalling initially accounted for the inter-cell communication in cascad ȋȌǤ ǡ
is no such information in the processes in ciliates.
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 Ƥ  ǫ 
ǡ   ȋ ǡ ǡ ǡȌƥ ǫ  
Ǧ  Ƥǫ ƥ ȋ ȋ ͥͥ͝͝ȌȌǡ  
ȋ   ͥͥͣ͝Ȍǫ       Ƥ 
treated as essentially permanent or is it variable? It seems that the latter
 ǡǤ ȋͥͤͥ͝ǡ
͞͠͝Ȍ Ƥǯ
Ƥȋ ͥͤͥ͝ǡ͞͠͝Ȍȋ ǡͥͥ͢͝ǡͥ͟͡Ǣ
ͥͥ͜͝Ȍ   
ƤǤ
192

4. A New Wave Biology?
The structural inheritance in ciliates might be the most compelling exǤine this challenge more closely, it is important to emphasize that the
 Ƥ  
with Darwinism as such. One might interpret inheritance in ciliates as
     ȋơͥͥ͜͝Ȍǡ tion can act on such acquired traits. Rather, such inheritance is at odds
Ǧ Ǥ
Roughly speaking, there are three attitudes towards the Central Dogma
Ƥ  Ǥ
 Ƥ     evolutionary pluralism.6 Although they
ǡơent mechanisms of inheritance and, thus, units of selection are at play
 ȋ ͜͜͞͡Ǣ
ò͜͜͟͞Ǣ͜͜͜͞Ǣ͜͜͜͞ǡͥͥͣ͝Ǣ máry 1995).
Acknowledging the diversity of the mechanisms of inheritance, the pluralist would be wary of drawing any general, let alone universal, conclu   ƤǤ 
their view, the structural inheritance in ciliates is not a counter example
6     Ƥȋͣ͜͜͞Ȍǡ  
of DNA, but always at the level of DNA.

THE NOTION AND STRUCTURE OF EXPLANATION IN THE NATURAL AND SOCIAL SCIENCES

to a universal account of inheritance, as there is no such account. In
 ǡ    Ƥ      
  ȋͥͥ͝͝ǡ͞ȌǤǡralists would acknowledge that the evidence for the pervasiveness of inheritance best accounted for in Neo-Darwinian terms is overwhelming,
and that structural inheritance is merely a ripple in the Neo-Darwinian
Ǥ
the gene-centric notion of mechanisms and units of inheritance and
  ȋǤǤǡ  ͜͜͜͞Ȍ Ȃ        
ȋǤǤ Ǧ͜͜͜͞Ǣͣ͜͜͞ȌȂ  ates renders the gene-centric mechanism irrelevant or introduces “reversed” genetic processes where DNA is determined by epigenetic programs and inherited as such.
Those who take the Central Dogma as an articulation of a universal
           ȋ ͥͥ͝͡ǡ
ͥͤ͝͞Ǣ   ͥͤ͝͠Ȍ         
task. The unitarian has to accommodate any apparent exceptions that
might serve as counter examples to the Central Dogma. In practical
terms, other alternatives to gene-based inheritance can be accommodated, or at the very least, there are some interesting ideas as to how this
could be done. Not in the case of ciliates, however. This is why the warn  
by unitarians: the case of the ciliates runs counter to the core tenets
Ǥǡ ǲ ter-example [to genocentric biology] comes from the work of Sonne ǳȋ ͥͤ͝͠ǡ͞͞͡ȌȌǤ
prompt unitarians to wonder whether they should become pluralists if
the anomaly persists and turns into a full-blown alternative.
 Ǥnents of the Central Dogma advocate a softer view, treating the Dogma
as a fruitful research program that has repeatedly proved its superiority
ȋ ͥͤ͝͝ȌǤ
    ǡ
who take such a pragmatic approach.
Rather than asking whether a research program is fruitful, we should
ask whether it is advanced in a way that makes it a fruitful program.
There are, what one might call internal and external criteria of judging
whether a research program is fruitful and to what extent. A program’s
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         Ƥ   
  Ǥ
judged on whether, and to what extent, it confronts hard cases as well as
emerging alternatives, or if it bypasses and ignores them. This constitutes an external criterion.
ǡ   ȋȌ
case that should worry those with pragmatic attitude to the Central
Dogma as well, but is it a full-blown alternative to the Central Dogma?
  Ƥ
of inheritance? Could it undermine the claim of the pervasiveness and
relevance, not only of universality, of the Neo-Darwinist mechanisms
of inheritance?
194

           Ƥ  
vehicle of inheritance in ciliates, it is not surprising that claims con     Ƥ     
emerged. Such a theory could concern development and inheritance in
both ciliates and eggsǤ ȋͥͤ͝͞ǡ͟͝͞Ȍ tion by comparing the case of structural inheritance and development
in ciliates with the classical case of the inheritance and development of
the frog egg. Other studies concentrate on the properties of the mor ƤƤ ǡ  ȋ¡͜͜͜͞ȌǤ
ȋͥͤ͝͞Ǣ ͥͤ͝͠Ȍ  Ƥ   ǡ  ment is weak if it relies on the concept of the induced morphogenetic
ƤǤ   ȋ ǡͥͥ͢͝ȌǤ  
 Ƥǡ
given the limitations I have already pointed out.
 Ƥ            
  ȋȌǡ 
Ƥǡ              Ƥ Ǥ ǡơƤ
resembles what was happening with respect to magnetic and electric
phenomena at Faraday’s time. Thus, there is a great deal of elaborate
experimental testing going on, that produces substantial results which
 Ƥ 
 ȋȌǡ      
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ǡƤ
  ȋ  
 ƤȌǤ
ǡ  Ƥ tural inheritance are pervasive or even basic, and that ciliates are at the
forefront only because they present a suitable case for researching the
 ƤǤ  cies other than ciliate protozoa may reveal a very broad evolutionary
Ƥ   Ƥȋ͜͜͞͝ǡ͢͡Ǧ͢͜Ǣ¡
͜͜͜͞Ǣͥͥͥ͝ǡͥͥ͢͝ȌǤ
Regardless, the attention dedicated to the case of ciliates by those workƤ ure of the program’s fruitfulness in terms of the external criterion: a lack
ƥ    ern Synthesis a fruitful research program only in a very limited sense.
ǡ ƥ   cal question I cannot address here.7
Primljeno: 27. novembra 2013.
Prihvaćeno: 7. decembra 2013.
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