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I.  INTRODUCTION.PRIVATE 


The present paper is very far from the one I originally sat down to write.  I had

planned to write something entitled DNA and the Mendelian Gene", and intended to deal

with the legitimacy of identifying two very differently-defined things; a "Mendelian gene"

defined entirely in functional terms through its effects on larger system phenotypes, and 

a structural, intrinsic characteristic ("sequence") of a polymeric molecule.


To be sure, there are many profound difficulties, both technical and conceptual,

involved in such an identification, even though it is nowadays simply taken for granted,

as a commonplace of reductionism.  They are precisely the same kind of difficulties

which were noticed by Einstein in the simple identification of "inertial mass" and "gravi-

tational mass" in classical mechanics, where the one ("inertial mass") is defined in terms

of the effects of external forces on a material particle, while the other ("gravitational mass")

is defined in terms of the effects of the particle on the motion of other particles.  Einstein's

attempts to come to grips with this peculiar duality, which he came to regard as one of the

deepest things in physics, ended up as a "Principle of Equivalence", which provided him

with a cornerstone of General Relativity.  In these terms, structural "sequence" is an

inertial property of a molecule; whereas the Mendelian gene is gravitational.  Simply

equating the two is a breathtaking thing to do, and asserts something of the most profound

significance for physics itself.


So there are problems enough in the topic I had originally planned to fill many

books.  But these problems, though brought to sharpest focus in biology, are in fact of

much greater compass than biology itself; they are not uniquely biological.  They already

appear in trying to equate a "transfer function" description of a system with some kind of

intrinsic dynamics; an equating which even in the simplest cases involves a host of hidden

assumptions.  Not least of them is a presumption that (structural) analysis of a system,

and the synthesis of its properties, are inverse operations; that the one is simply is the

other run backwards.  This is, in fact, almost never true; certainly in biology.


The true problem, which I shall deal with below, lies even deeper, tacit in Mendel's

original approach to organism and to phenotype.  Once again, it is nowadays something

simply taken for granted, as a matter of course.  In the next section, we shall try to articu-

late it explicitly.  Then we shall examine some of its consequences, one of which involves

what I originally intended to write about.

II.  THE MENDELIAN VIEW OF PHENOTYPE.


As everyone knows, Mendel started from what is nowadays regarded as pheno-

type of an organism (in his case, pea plants); something which August Weismann called

soma.  The very word "phenotype" comes from a Greek verb which means "to show";

to be tangible; hence to be observable.


Mendel tacitly regarded the phenotypic characters with which he dealt (e.g., tall

or short, wrinkled or smooth cotyledon, etc.)  as discrete and separable features of a pea

plant itself.  In such terms, they constituted adjectives to the pea plant itself; modifiers of

the actual noun.  In this sense, he regarded the entire plant as dissectable into such

phenotypic characters; the noun as a bundle or aggregate of all its qualifying adjectives.  


The novelty of Mendel's approach lay in an accounting for each of these pheno-

typic characters, by itself, in terms of an underlying "hereditary factor".  He thus proposed

a  way to answer a question of the form "why this phenotypic character?" with a new

kind of answer; one of the form "because these hereditary factors (genes)", and in this

way introduced a new causal category, or explanatory mode, into biology itself.  He did

this by arguing backwards from phenotypic features to the genetic factors responsible

for generating them in the larger system; responsible for making them adjectives of the

system itself.


But his partition of the original organism (the pea plant) into a finite bundle of discrete,

separable phenotypic characters, each of which was separately explicable in terms of its

own hereditary factors, carried back to the factors themselves.  Historically, the develop-

ment of biology itself has incorporated this tacit presumption (i.e. that a whole organism

was merely the aggregate of independent phenotypic features) except that nowadays,

instead of arguing backward from phenotypes, one tries to argue forward from the heredi-

tary factors or genes.


The identification of Mendel's "hereditary factors" with DNA, or even just with

sequence (the "sequence hypothesis") has forced the further identification of phenotype

or soma with biochemistry.  That is, it has forced an identification of a somatic or pheno-

typic character, which was Mendel's initial starting-point, with something which DNA, or

sequence, could account for.


The regarding of an organism as dissectable into a bundle of independent pheno-

typic characters, each of which is separately explicable in terms of hereditary factors, is

a very strong form of reductionism, whether one argues it backwards (as Mendel himself

tacitly did) or forwards, as one tries to do today on the basis of a "sequence hypothesis",

is in fact a very narrow view of both phenotype and genotype, as we shall see.  So the

real question is not whether it is legitimate to identify "Mendelian gene" with DNA se-

quence; it is whether the view of phenotype as a discrete bundle of features, whose totality

exhausts all of biology, is justified in the first place.

III.  MOLECULAR BIOLOGY.


As we have seen, the Mendelian approach started from the phenotypic end, and

proceeded by fractionating a phenotype of a living organism (e. g., one of his pea plants)

into a finite bundle of discrete "characters", each of which was to be separately explained

in terms of underlying hereditary, particle-like "factors" or genes.


On the other hand, as a material system, a pea plant can also be structurally frac-

tionated into material constituents, like cells, or nowadays, into molecules, or atoms, or

even into more elementary particles.  The resulting population of constituent units is re-

garded as a surrogate for the original pea plant, not because it behaves in any way like

the intact plant, but because it consists of (presumably) exactly the same particles.  This

kind of fractionation is very different from Mendel's, based on phenotypic characters; a

set of such characters is a surrogate for the plant, not because it is composed of the "same

particles", but rather because it behaves somewhat like the original plant does.


Both of these processes are different ways of "reducing" the plant; one to a set of

"characters" governed by hereditary factors, and the other to a population of constituent

particles.  In quite different ways, then, these modes of reduction or analysis could pre-

sumably inverted, to obtain the original plant from the various reductionistic fragments

arising from the application of the analytic procedures to it.


The central claim of molecular biology is that these different modes of reduction

are equivalent.  In particular, it claims that it does not matter whether you argue backward

from phenotype, as Mendel did, or forward from genome, as embodied specifically in the

"sequence hypothesis" which identifies genome with DNA.  In fact, it does matter deeply.

The question is whether the obstructions which have always beset either line of argument

are mere technical difficulties in actual execution of a strategy correct in principle, or

whether the strategy itself is wrong.


If the strategy is in fact correct, there should be a dictionary (or better, a coding)

which takes us between genotype and phenotype; which translates properties of molec-

ular populations into a language of phenotypic characters, and yet back again.  It should

be noted that such a coding of the one into the other is very different from what is offered

by the simple translation of DNA sequence into a polypeptide sequence.  The two kinds

of codes, or dictionaries, are however alike in that they should be presumably based on

syntax alone; hence something you could in principle program a machine to recognize syn-

chronically, and to execute diachronically.

IV.  "FOLDING".


The word "constraint" is initially derived from classical particle mechanics.  In the

theory of systems of material particles (idealized as "mass points"), each particle is des-

cribed by an intrinsic phase, consisting of a set of configurational variables (i.e., where

the particles are at a given instant, and a corresponding set of velocities or momenta, the

temporal derivatives of position.  There are also the higher temporal derivatives of con-

figuration; the second temporal derivative of configuration, for instance, is acceleration.

Nominally, the configuration itself is independent of its higher temporal derivatives, and

these derivatives of each other; they must all be independently chosen as "initial condi-

tions".  Newton's Second Law, however, mandates that acceleration is already a function

("force") of phase alone.  The Second Law, by making the second derivative of configura-

tion a function of lower derivatives, makes all the higher temporal derivatives functions of

phase alone.


Thus, Newton's Second Law takes the form of an identical relation between

configuration, velocity and acceleration; specifically, a second-order differential equation,

whose solution expresses configuration as a function of time.  Such an identical relation

is an example of a constraint; an identical relation betweeen configurations and their tem-

poral derivatives.  This kind of relation contains, in addition, parameters of the kind I have

called "inertial" above; e.g. "inertial mass".


Further constraints may be imposed on this situation; futher identical relationships

which must be satisfied.  Intuitively, such constraints are looked upon as the fossil rem-

nants of forces which have already "come to equilibrium".  But they are all expressed as

identical relations satisfied by configurational variables and their derivatives.  The most

familiar kinds of constraints are called holonomic; they involve configurations alone, and

thus pertain to rigidity.  But there is a much larger class of non-holonomic constraints,

which involve rates of change (velocities), and hence express differential relations which

are generally local and non-integrable.


The primary structure ("sequence") of a linear copolymeric molecule, in terms of

its constituent monomers, is an example of a holonomic constraint, expressed through

the covalent bonds which hold it together.  The constituent monomers are still free to

move; the relative distances between them can change (except for the distances between

immediate neighbors; these are fixed by the primary constraints), as a result of the forces

these monomers can exert on each other, and the ambient conditions.  This puts a dynam-

ics on a space of these interparticle distances.  If this dynamics happens to have a single

point attractor (steady state), then any initial configuration will follow a trajectory to this

point attractor, at which by definition the rates of change of interparticle distances will

vanish.  The result is a still further set of constraints; tertiary constraints, embodied in a

folded structure.


In such a case, it is tempting to think that the tertiary constraints are determined

by the primary ones alone.  Primary constraints alone constitute denatured  configura-

tions, but since the above considerations render the tertiary constraints infinitely elastic,

and hence infinitely regenerable no matter how they are perturbed, it seems quite suffi-

cient to specify primary constraints alone; the tertiary constraints will always renature, of

themselves, through a transient, dynamical folding process.


However, it should be noted that this is not the way rigid, holonomic constraints

behave; violating them is typically irreversible.  Hence such folding processes, from this

viewpoint, must involve something non-holonomic; something non-integrable.


Seen from another viewpoint, the idea that tertiary structures are determined by

primary ones, and hence infinitely elastic, is a corollary of what is called "absolute rate

theory".  This was originally promulgated long ago (cf. e.g. Glasstone, Laidler & Eyring

1941), in the form of attempting to compute phenomenological "rate constants" of, say,

chemical reactions from intrinsic ("inertial") properties of the reactants in isolation.  It

involves, conceptually, a certain kind of peculiar reflexivity, in which something which is

changing (an "inertial" aspect) also determines the tangent vector which is making it

change (a "gravitational" aspect).


We bring up these matters here because, somewhere or other, every argument

from genotype to phenotype, or backwards from genotype to phenotype, involves a step

invoking this kind of "folding" hypothesis.  It thus constitutes an essential bridge between

trying to reconstitute a living organism from either a bundle of individual phenotypic char-

acters governed by its own hereditary factors, or from a bundle of fractionated particles.

These fractionations, on their own, are themselves inelastic; quite the contrary, they are

plastic; they constitute irreversible processes or bifurcations, which generically        

break constraints.  That, indeed, has always been the central difficulty of all reduction-

isms; in a sense, its reliance on plastic processes, which are irreversible, to explain

elastic things.

