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ABSTRACT

The intricate phenomena of biology on one hand, and
language and culture on the other, have inspired many writers
to draw analogies between these two evolutionary systems.
These analogies can be divided into four principal types:
species/language, organism/concept, genes/culture, and
cell/person. | argue that the last anal ogy--between cells and
persons--is the most profound in several respects, and, more
importantly, can be used to generate a number of empirical
predictions. In the first half of the paper, the four analogies
are each evaluated after briefly describing criteriafor a good
predictive analogy. In the second haf of the paper, the
cell/person analogy and predictions deriving from it are
explored in detail.

1. Introduction

The origin of life and the origin of human thought
constitute two particularly significant turning
points in the history of our distinctive planet. The
prebiotic world was radicaly transformed by
living, evolving cellular organisms; likewise, the
world of prelinguistic animals was profoundly
modified by the advent of human-style cognition
and cultural evolution. Many have been prompted
to compare these two evolutionary systems; both
depend on anew form of information-accretion not
found in the pre-existing worlds.

Most serious work on this topic has grown out
of three foca comparisons. species/language,
genes/culture, and organisnv/concept. These three
analogies have been articulated in almost complete
isolation from each other. In historica and
comparative linguistics, species with similar
individuals capable of interbreeding are compared
to language communities of  mutualy
comprehensible speakers. 1n sociobiology and the
study of anima behavior, genes coding for
physical and behavioral traits are compared to
fragments of culture capable of transmission and
expression. And in evolutionary epistemology in
the history and philosophy of science, interacting
organisms in an environment are compared to

p.1

competing scientific concepts and theories in an
Ointellectual ecologyO.

In the years after the discovery of the structure
of DNA in the 1950@ and its relation to protein
structure in the early 1960@, there was a burst of
excitement about afourth kind of comparison-- the
cell/person analogy. Many authors drew
comparisons between cellular and linguistic coding
systems (e.g., Gamow, 1954; Crick, 1959; Beadle,
1963; Jakobson, 1970; Masters, 1970; Berlinski,
1972). But a less-than-delicate treatment of the
details of the fields involved did not help the
project, and it soon became hackneyed, or worse, a
refuge for dilettantes and loose-thinkers.

Inthispaper, | arguethat thefirst three analogies
actually depend implicitly upon relations that can
only be satisfactorily stated in terms of the fourth
analogy. | think there is a deep and detailed
mapping between the processes in living cells and
the processes in brains of linguistically competent
personsthat was only dimly glimpsed in the earlier
enthusiasm about DNA and language. The first
part of the paper evaluates the four main analogies
in light of criteria for a good predictive analogy,
concluding that the cell/person analogy aone is
consistent across different levels of organization.
Ananaogy isonly finally useful if it helpsus make
predictions about one or both systems involved. |
think that the cell/person analogy provides us with
a whole new way of thinking about linguistic
processes, and it makes a number of novel, testable
predictions. The precise grounds for the
cell/person analogy and severa predictions about
the neural substrates of human language deriving
from it are then developed in detail in the second
part of the paper (see also Sereno, 1984; 1986;
1991a; 1991b).

2. CriteriaFor Evaluating Explanatory Analogy

There has been a long-lived interest in metaphor
and analogy in philosophy, literary criticism, and
linguistics (e.g., Richards, 1936; Black, 1962;
Ortony, 1979; Lakoff & Johnson, 1980). In the
philosophy of science, by contrast, anaogical
reasoning has often been viewed with ambivalence
or suspicion. Duhem (1914/1954), for example,
grantsthat once a set of very dissimilar phenomena
have been reduced to abstract theories, Gt may
happen that the equations in which one of the
theoriesisformulated are algebraically identical to
the equations expressing the otherO(p. 96); but he
was highly critical of the use of concrete analogical
modelslike those employed initially by Maxwell in
devel oping histheory of electromagnetic radiation.
Though analogical reasoning was not ignored in
logical empiricist philosophy of science-- see e.g.,



Hempel (1965, pp. 433-447) --it nevertheless
became something of a side issue (see e.g., Suppe,
1977).

Recently, however, there has been a renewed
interest in generative and explanatory analogy and
its role in scientific discovery in both the history
and philosophy of science and in cognitive
psychology (Sellars, 1965; Hesse, 1966;
Glucksberg et al., 1982; Darden, 1983; Gentner,
1983; Bobrow, 1985; Hofstader, 1985; Holland et
al., 1986; Indurkhya, 1987). Anaogical reasoning
has been studied in many contexts. The simplest
sort of analogy, the minimal four-element problem
(see e.g., ABC:ABD::PQRS:? and many other
variations in Hofstader, 1985), has been
extensively studied. More complex is a group of
what might be called frozen pedagogical analogies
(e.g., the hydraulic analogy for ssmple DC circuits,
the solar system/atom analogy). The most
formidable and least well-understood analogies,
and those most interesting for the present purposes,
however, are active, evolving theoretical
frameworks that often inspire years of deliberate
study. Many examples come from mathematics
and physics (including the historical form of the
solar system/atom analogy--the Rutherford and
Bohr atoms); othersvirtually definewhole fields of
inquiry, including the analogy between artificial
and natural selection, the analogy between
computation and cognition, and the analogies
discussed in the present paper.

Complex generative and explanatory analogy is
characterized by four distinct activities: 1)
decomposition of the source and target systems, 2)
establishment of a map between the two systems,
3) generation of predictions about the target, and 4)
testing of the predictions. My treatment highlights
the crucial role part/whole relations (levels of
organization) play at every stage in this process.
We will use the solar system/atom analogy as a
familiar concrete illustration.

The first activity is to decompose the two
systems into bjectsO (e.g., stationary central
body, orbiting bodies) with attributes (e.g., mass),
and OelationsO between these objects (e.g., the
central body is much more massive than the
orbiting bodies), using structural and functional
criteria internal to each system (Gentner, 1983).
An obvious but important type of relation hardly
mentioned in previous discussions of analogy isthe
part-whole relation (e.g., the sun and planets are
part of a solar system; stars and solar systems are
parts of a galaxy; the nucleus is composed of
protons and neutrons; groups of atoms form
molecules). Many subtle failures of mapping
involve inconsistent manipulation of the levels of
organization defined by such part-whole relations.
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Typicaly, an analogy is centered on one or a few
particular levels of organization in each system; the
decomposition process trails off at levels above
and below these levels (e.g., protons and neutrons
constitute a level below the focus of the analogy
while the arrangement of stars into galaxies is a
level above).

An important part of the decomposition process
is to specify contextual or ceteris paribus
conditions (Wimsatt, 1976; Hooker, 1975)
involving background relations between the
system and the larger domain in which it is
embedded (e.g., most of the system consists of
empty space; trgectories are not mainly
determined by collisons,; the orbital system is
isolated from inhomogeneous external forces).
These contextual considerations do not extend,
however, to the other system; the source and target
decompositions are performed on the basis of
system-internal criteria.

Finally, for a complex source or target system
(and these are primarily the ones of interest), our
understanding islikely to be incomplete; alongside
well understood, GexposedOregions, there will be
areasin both the target and source system in which
objects are poorly defined, or even completely
hiddenO (consider the state of knowledge of
atomic structure in 1900 when the atom/solar
system analogy was active). In some cases, we
may know little more than that an object probably
exists.

The second stage is to arrange a mapping
between paradlel parts and relations that are
(xxposedOin both the source and target systems.
Usually, analogies are organized around a focal
comparison involving particularly prominent
objects or relations (e.g., sun/nucleus and solar
system/atom). There must be a core of exposed,
parallel structures hereto warrant proceeding to the
third, predictive stage. Gentner (1983) argues for
two rules of mapping. The first is that similar
relations (e.g., the central object is more massive
than the orbiting objects in both systems) are more
important than similar object attributes (e.g., the
central object is hot and yellow in both systems).
The principle is sound, though the line between an
attribute and arelation is often somewhat arbitrary;
object attributes with numerous ramifications, for
instance, are as important as explicit QelationsO
(e.g., the contrast between the @ittribute atomic
electrical charge, which can be positive or
negative, and the single-signed gravitational
charge (mass) of celestial bodies, is an important
point of disanalogy between the two systems).

Gentner@ second rule is that higher order
relations among other relations (e.g., Newtonian
law of universal gravitation) are especialy



important in constructing analogical mappings (cf.
Duhem, 1914/1954; Indurkhya 1987).
Interconnected networks of relations take
precedence in mapping and prediction over singly
connected relations that form  structural
@ppendagesO It is important, however, to go
beyond Gentner@ strictly syntactic specification of
a relation (a two-place predicate).  Strictly
speaking, the moons of a planet, for example, share
in much of the same network of relations with the
sun as do the planets (including distance, mass, and
gravitational relations). Y et, because of their small
masses and the small diameters of their orbits
around a planet, the moons are essentialy
appendages to a planet; removing the planets
would disrupt things much more than would
removing the moons. Since the moons are
primarily connected to one planet, they are less
important in mapping and predictién.

| think the most powerful constraint on
constructing a map between two complex,
multi-level systems is the conceptualy simple
requirement that part-whole relationships be kept
parallel acrossseveral levelsof organization. This
conditionisnot met at higher levels of organization
in the solar system/atom analogy (e.g., solar
systems do not (Gondd together into stable
(noleculesChy virtue of their orbiting bodies since
binary stars do not support stable planetary orbits;
and the gravitational forces holding solar systems
together (if there are in fact other ones!) into
galaxies are weak, resembling intermolecular, not
intramolecular forces). Most previous essays on
biology and language have fallen down on this
point. The great complexity of the two domains
makes this simple requirement difficult to meet in
practice.

The third stage of predictive analogy isto infer
things about an object or relation in one system
based on what we know about it in the other
system. A key distinction needs to be made here
between objects that are merely (hiddenO and
objects that are truly GnissingO(or, from the point
of view of the other system, GuperfluousQ. Inthe
first case, we have enough indirect information
about an object (or relation) to suggest that it exists,
and want to extend our knowledge of it via
predictive analogy. In the second case, we know
that an object or relation in one system probably
doesn@ exist in the other; there is a point of
disanalogy. In order for apredictive analogy to be
useful, it must be articulated clearly enough to
dlstlngwsh between these two cases.

A OnissingOor Guperfl UOUSOOb] ect or relation
rarely vitiates an analogy by itself; in fact, it may
suggest anew, more general expl anation tor certain
system characteristics (e.g., the OmissingQ
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classically-predicted radiation in the context of the
Bohr model of the atom led

to the hypothesis of GitationaryOelectron orbits
and the first theories of quantum mechanics). But
when, in the context of strong upper and lower
level parallels, an especialy prominent object is
found at an intermediate level of organization in
one system but not in the other, there is cause for
alarm, and for a reevauation of the mapping
scheme:3 Such seemi ngly obvious misalignments
in levels of organization are often difficult to spot
even after the analogy has been developed at some
length, as we shall see presently. The moral isthat
onemust pay strict attention to part-wholerelations
before splashing around too recklessly in the
details.

The fourth activity in predictive analogy is
testing the predictions. Informal testing normally
accompanies and aids the decomposition and
mapping processes. | construe testing broadly
enough to include things like suggesting an
approach to a problem. Anaogies are often
particularly fruitful in suggesting new ways to
explore familiar conceptual terrain.

3. The Species/Language Analogy

The first maor field in which biological and
linguistic processes have been considered together
is historical linguistics. The early founders of
Indo-European  comparative grammar  had
consciously tried to draw upon the study of
biological development and evolution, just as
evolutionists like Darwin and Lyell were fond of
discussing the evolution of languages (see e.qg.,
Newmeyer, 1986; Richards, 1987). A late
statement of the philologist Schleicher illustrates a
clear analogy between a single organism and an
entire language:
Languages are natural organisms which, outside
the human will and subject to fixed laws, are born,
grow, develop, age and die; thusthey alsoillustrate
the series of phenomena that are usually
comprehended under the term life. Consequently,
the science of language is a natural science (1863,
quoted in Aarsleff, 1982, p. 16).
Analogies between organisma development (and
decay) and language evolution engendered hot
debate in the later nineteenth century (see Aardleff,
1982, KnoII 1986; Wells, 1987; Morpurgo Davies,
1987) But by the turn of the century, these ideas
had been al but banished from historical
linguistics; they make no appearance in the
recognizably modern work of Saussure.
Nevertheless, a different analogy between
biological and linguistic evolution, introduced by
Darwin himself in the Origin of Species® (1859, pp.
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Figure 1. Schematic comparison of part-whole relationships in four analogies between biology and language. In the
species/language analogy (A), objectsin one system map to objects of approximately the same sizein the other system.
In the genes/culture analogy (B), small biological objects (genes) map to large cultural objects (gene-like culture
fragments). In the organism/concept analogy (C), large biological objects (organisms) map to small cultural/linguistic
objects (individual concepts). Inboth B and C, there are unmapped intermediate-level objects (cells, persons). Finally,
in the cell/person analogy (D), small biological objects (cells) map to large cultural/linguistic objects (persons).

422-423), has persisted around the fringes of
modern historical linguistic investigations (Anttila,
1972; Bynon, 1977; Platnick & Cameron, 1977;
Wiener, 1987).5 This is the analogy between a
species of organisms and a language. The

population-level alignment of a species with a
language implies the individual-level alignment of
an organism with a single speaker (see Fig. 1A,
which schematically illustrates the part-whole
relations).



A number of specific comparisons flow from
the species/language starting point (biological
parallels are given in parentheses). An
intercommunicating group of people defines a
language (cf. gene flow in relation to a species);
language abilities develop in each speaker (cf.
embryonic development); language must be
transmitted to offspring (cf. heritability); thereisa
low level process of sound and meaning change
that continuously generates variation (cf.
mutation); languages gradually diverge, especialy
when spatially separated (cf. allopatric speciation);
geographical  distributions of dialects (cf.
subspecies, clines) gradually giveriseto wholesale
rearrangements of phonology and syntax (cf.
macroevolution); sociolinguistic isolation can lead
to language divergence without spatial
discontinuity (cf. sympatric speciation). Finaly,
the technique for adducing language relationships
(e.0., see Anttila, 1972, pp. 207-263) shows a
remarkabl e resemblance to the cladistic techniques
independently  developed by biological
systematists (Hennig, 1966).

There are a few obvious disanalogies when
using this alignment that have often been noted by
linguists. First, languages commonly orrowO
words from neighboring languages, from the
language of an invader or colonizer, or from the
invaded or colonized, with little regard for the
phylogenetic distance of the source language.
Such uninhibited lateral transfer of genetic material
is much less common in biological evolution.
Second, spoken natural languages do not
apparently become a great deal more GadaptedOor
QitOthrough time (this is less true of scientific
languages and notations). For example, all natural
languages seem capable of expressing similar
ranges of meaning, especialy if paraphrasing is
alowed; Eskimo may have more words for
Q;nowQ but it is not difficult to express their
meanings in English.

At first glance, there seem to be an impressive
number of parallels between a species and a
language (I have gathered together more here than
has any one author). A closer examination reveals,
however, a number of puzzling differences. For
instance, there are actualy three kinds of local
changes or OnutationO in language evolution

involving _ fundamentally different
OnaterialsG-changes in the set of possible speech
sounds, changes in sound/meaning

correspondences, and changes in the meanings
themselves. Then, there are the actua sound
sequences spoken, which change from day to day.
It is unclear, given the framework of the
species/language analogy outlined above, which
subset of these four types of changes should be
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compared to the changes in gene sequences that
constitute biological mutation.

These problems grow out of the vague
characterization of lower levels of organization on
the language side of the analogy. The mapping
does not clearly specify what mutates, and what is
transmitted. In trying to be more specific, we
uncover a mismatch in part-whole relationships.
Since the analogy focuses on genetic processes,
which in biology, fundamentally involve
intracellular entities (DNA and genes), the cell is
left as a prominent AmissingO intermediate-level
object; there seem to be no cell-like compartments
in a language speaker that each carry a full
complement of gene-like entities.

The different types of sequence changes in
biology and language are dealt with more explicitly
and productively in the context of the cell/person
analogy, where it is argued that new DNA
sequences generated by mutation are most similar
to new sound sequences perceived from day to day.
Anaogues of the other three types of change in
language evolution turn out to have occurred only
very rarely in cells (see below).

4. The Genes/Culture Analogy

A second area in which biological genetics and
human linguistic and cultural phenomena have
been considered together is human sociobiology.
Considerable effort has recently been expended in
developing a mathematically detailed analogy
between genes and culture as parallel systems for
transmitting information about phenotypes (e.g.,
Cavalli-Sforza & Feldman, 1981; Lumsden &
Wilson, 1981; Boyd & Richerson, 1985; Rindos,
1986; Brandon & Hornstein, 1986) (see Fig. 1B).
These authors have usually not restricted the
putative analogues of genes to linguistic
phenomena. Boyd & Richerson, for example, state
that Qhe codification of culture via public symbol
systems may have interesting effects on the human
evolutionary process. . . but to our minds these
effects are less fundamental than the effect of
social learning per se (p. 36)0.

Boyd & Richerson (1985) point out two basic
differences between cultural and genetic
transmission that make it unrealistic to treat the
cultural @ystemOas a group of additional genetic
loci. First, it is not possible to represent cultural
evolution asaprocessthat transformsgenotypesin
generation t into genotypes into generation t+1
since we must take the distribution of starting
phenotypes into account (e.g., the phenotypes of
the cultural parents that are capable of transmitting
cultural analogues of genes). Second, in cultural
transmission, genotype analogues are transmitted



to an organism throughout itslife rather than as one
bolus at fertilization. Once these differences were
noted, a so-called Qlual inheritanceOapproach was
developed along broadly similar lines by several
authors.

This analogy suffers from a mismatch in
part-whole relationships. The problem stems from
the definition of the phenotype at the cultural level.
Boyd & Richerson (and many others) draw an
analogy between the Qultural genotypeO
transmitted by various cultural practices and the
cellular genotype transmitted by DNA. But then
they essentially identify the cultura phenotype
with the multicellular biological phenotype. This
is not surprising, given that most authors have
expressed interest in hypothetical (yene/cultureO
interactions. It results in an upper level match
(biological person/cultural person) and a lower
level match (gene/gene-like fragment of culture),
but aso a prominent OnissingOintermediate-level
object on the language/culture side of the analogy
(cell/ ??).

The advantage of identifying the cultura
phenotype with the biological one is that
enculturated humans are clearly localizable units,
the drawback is a cluster of disanalogies with
respect to the mode of action of cultural and genetic
information. The adult biological phenotype of a
person is generated from a zygote by ever
increasing numbers of interacting cells, each of
which contains a complete copy of the genetic
information present in the zygote as well as a copy
of the decoding apparatus required to derive a
primary interpretation of that information. By
contrast, there is no reasonable sense in which
cultural information could be thought of as existing
in numerous duplicate copies in each of the cells
(or any repeated part) of an enculturated person.
Likewise, cultural information is not initially
interpreted piecemeal by each cell; there is only
one interpreting apparatus (sense organs and brain)
per person. Another way to say thisis that genes
generate organismal phenotypes by generating cell
phenotypes, which then interact to generate the
organismal phenotype.

The levels-of-organization mismatch can be
avoided if we peform a more careful
decomposition of the internal architecture of
information use a the cellular-genetic and
cultural-@eneticOlevels.  We then identify the
cultural phenotype as an interacting group of
people. Each person in the group is capable of
providing an independent initial interpretation of
cultural information, which can be thought of as
existing in multiple (if approximate) copies. One
need not deny that the human cultural phenotype
actually QesidesOin human biological phenotypes;
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the point is that there is not a one-to-one
relationship between the two. Thisturns out to be
one of several routes to a cell/person analogy.

5. The Organism/Concept Analogy

The third maor area where biological and
linguistic phenomena have been considered
together in an analogica framework is
evolutionary  epistemology. The idea that
conceptual evolution might profitably be compared
to Darwinian organic evolution has been
informally considered at many junctures (see the
many interesting examples exhumed by Campbell,
1974, and overview by Bradie, 1986). | shall
concentrate on the more recent and lengthy
treatments of Campbell (1974; 1977), Toulmin
(1972), and separately, that of Hull (1982; 1983;
1988). Compared to the Procrustean
generalizations about human culture of some
sociobiologists, the clams of evolutionary
epistemologists appear muted.  Toulmin, for
example, does not want to get involved with
Qxpecifically biological detailsOor get Qirawn into
discussions about genetics, predators, or water
supplyO (p. 139). Some of the debates in
evolutionary epistemology, however, would
benefit from clearer statements of the objects of
analogy, uncomfortable as this may be. Such an
anays's serves to distinguish @lassicalO
evolutionary epistemology as a distinct kind of
alignment--that of organism/concept--alongside
the species/language and genes/culture analogies
discussed above, and the cell/person analogy
discussed last.

With Campbell and Toulmin, the primary
comparison is between an organism in an evolving
species, and a concept in the @volvingO (i.e.,
learning) brain (see Fig. 1C). They would like to
apply a selective retention paradigm to all
Cknowledge processeso but especially those of
humans and scientists. A @onceptOis usually
taken to beword-sized or larger (e.g., atheory), but
decidedly smaller than the entire conceptual
contents of a learner@ brain. Thus, the focal
comparison of evolutionary epistemology actually
inverts the size relationships  between
(multi-cellular) biological and linguistic-cultural
objects found in the genes/culture analogy. In
evolutionary epistemology, the evolution of (large)
multi-cellular organisms belonging to a species is
compared to the evolution of a class of (smal)
things--concepts-- many of which can reside in a
dormant or active form within a single scientist®
brain. By contrast, the genes/culture analogy
compares (small) genes contained within a single
cell to (large) gene-like fragments of culture



perceived by whole brains (compare Fig. 1B and
C).

Like the genes/culture analogy, the
organism/concept analogy suffersfrom amismatch
in part-whole relationships that derives from an
inadequate treatment of the linguistic-cultural
phenotype. Since evolutionary epistemologists
often want to compare a biological species with a
scientific  discipline  thought of as an
Onterbreedi ngOintellectual community, thereisno
convenient entity left on the biological side to
analogize with a single person or scientist--clearly
a prominent OnissingO object. And on the
linguistic-cultural side, thereis nothing to compare
with a cell.

The main culprit appears to be the foca
organism/concept comparison itself. By starting
with this alignment, one is led to neglect the
genotype/phenotype distinction, since presumably,
this would have to correspond to somethaithin
aconcept or theory. Kary (1982) hasa so criticized
this aspect of evolutionary epistemology. Using
somewhat different terms, | agree that a
generalized theory of biological evolution must
include an analogue of the genotype/phenotype
distinction. Otherwise, thereislittle to distinguish
the theory from other deterministic theories of
change-e.g., the (evolutionO of a dynamical
system in 6- dimensiona momentum space--that
are clearly not @volutlonaryOm the biological,
information-accreting sense of the word. In fact,
the cell-based architecture summarized by the
Cgenotype/phenotypeo distinction is precisely a
means for getting beyond the simpler deterministic
evolution of physical systems, based on storing
symbolic information about how to make certain
otherwise unlikely chemical events occur more
readily. As in the previous cases, | think it is
difficult to argue for particular higher level
alignments (e.g.,, analogues of selection and
adaptation) when there is no analogue of cells and
genes, nor good reasons for the absence of this
most basic instantiation of the genotype/phenotype
distinction.

Hull (1982; 1983) applies his concept of species
as spatiotemporal OndividualsO (as opposed to
classes with members) to conceptual evolution.
Hull@ main point is that the only things that count
are the actual lines of descent. Thus, as Olby
(1979) has quipped, Mendel might not have been as
much of a Mendelian as his later @ediscoverersQ
who were instrumental in transmitting his work to
the general scientific community. In developing
this insight with respect to conceptual evolution,
Hull sees that it won® do to have the nodes in the
genealogical framework be concepts, grouped into
similarity classes (e.g., Mendelian laws). He
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suggests that we individuate scientific
communities as biologists define species in
practice--by using a Qype specimenQ As a
particular organism marks a species that includesit
(regardless of how the including species may be
subsequently redefined), a particular scientist can
be used to mark a conceptual community (1982, p.
297).

Clearly, this aligns one organism with the entire
conceptual system of a scientist, in contrast to the
organism/concept focal comparison of @lassicalO
evolutionary epistemology. Notice that this is
closest to the mapping previously described for
language evolution (i.e., species/language, and
especially, organism/speaker); and it shares the
former analogy@ disregard of the cellular level of
organization.  Hull clams that his cultura
gene-anal ogues (memes, following Dawkins) only
reproduce, but do not generate a phenotype (1982,
p. 307). Taken at face value, the lack of a cultural
phenotype would seem to greatly weaken the
analogy (surely the phenotype is a prominent part
of a biologica organism); but | think the
implication isinstead that the biological phenotype
aso serves as the cultural phenotype, though
modified by cultural gene-analogues. Hull@
analogy thus aso recals the human
sociobiologist@ collapsing of the genetic and
cultural phenotypes; and it generates a similar
cluster of disanalogies with regard to the mode of
action of genetic and cultural genetic information
(multiple vs. single copies of information and
interpreting apparatus).

Recently, Hull (1988) has emphasized the
distinction between conceptual replicators and
interactors. Even on the biological side, however,
both DNA and cells are treated as replicators or
interactors (pp. 135, 148), depending on one@
perspective. On the conceptual side, it is not clear
what should correspond to replicating genotype
and interacting phenotype; he labels scientists
replicators (p. 140), but elsewhere hints that the
genotype/phenotype  distinction  might  be
analogous to the observation/theory dichotomy (p.
148). Hull also extends his type-specimen method
to parts of a scientist@ conceptua system--e.g.,
terms (singlewords). Thisostensibly isareturnto
an organism/concept analogy. However, since he
regards a cell as the canonical organism, and
compares DNA bases to letters (p. 142), his
analogy could also beclassified ascell/person. The
enrichment of the biological and conceptual sides
of the analogy is commendable, but the analysis
into only replicators and interactors is not
sufficient to specify a unique analogical mapping
scheme, and hence, lacks predictive power.



6. The Cell/Person Analogy--Previous Work

The final source of analogies between biology and
language is molecular biology. An implicit
analogy between cellular processes and human
language dates at |east to Schrsdinger (1944), who
suggested in a widely read book that cells must
contain a (hereditary code scriptO stored in an
Qiperiodic crystalQ As a preface to my treatment
of the cell/person analogy, | discuss several
previous attempts to compare cellular and
linguistic processes (Gamow, 1954; Crick, 1959;
Hofstadter, 1979; Pattee, 1980; 1982).

The geneasword in early molecular biology. The
first concrete proposals for protein coding
following the discovery of the DNA structure by
Watson and Crick in 1952 used linguistic
analogies. Interestingly, language initialy served
as the source system and cellular processes as the
target system of the analogy, inverting the polarity
of the previous mappings. An early scheme for
protein coding due to the cosmologist Gamow
(1954) had proteins being polymerized directly off
of cavities in the DNA template (the cavities are
not actually the right shape). It was introduced in
the following manner:

the hereditary properties of any given organism
could be characterized by along number written in
afour-digital system [of DNA bases]. On the other
hand, the enzymes . . . can be considered as long
words based on a 20-letter alphabet [of amino
acids]. Thus the question arises about the way in
which four-digital numbers can be trandlated into
such OwordsO.

Inasimilar vein, Crick (1959) described the coding
problem as one of Qranglating from one language
to another: that is, from the 4-letter language of the
nucleic acids to the 20-letter language of the
proteinO(p. 35). Theanalogical use of QanguageQ
QrandationQ and QettersQ so stimulating and
controversial at the time, now seems casual, and
even abit quaint. A few linguistic terms, however,
were permanently adopted by molecular
biologists--e.g., protein synthesis is still formally
called OtranslationO today.

Thisinitial form of the cell/person analogy, in
fact, violates the maxim that paralels be
maintained across levels of organization. In
Crick@ analogy, for example, the DNA bases are
compared to letters; but then three-base codons are
each QranslatedOinto single amino acid QettersO
that make up the giant, hundred-letter-long protein
QvordsOoriginally mentioned by Gamow. Thus,
we have a (degenerate) lower level match (DNA
bases/letters and amino acids/letters), an upper
level match (proteins/words), and a prominent
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Onlssmgo intermediate-level  object  (codon
triplets/??).8  Waters (1981) in an otherwise
clear-headed review essentially repeats this move.
It seems, despite the use of linguistic terms, that the
source system for the initial cell/person analogy
was actually something more like a coding process
relating two sets of uninterpreted symbols--e.g.,
the Morse code--than like human language or
trandlation between languages. Inter%ted linguists
have surprisingly followed this lead.? Jakobson
(1970), for instance, equates DNA bases with
phonemes, codons with words, and codon
sequences with syntactic units, but then_accepts
without comment, a QranslationOinto a (peptidic
languageQ where--given his previous parallels--we

might expect to find a Omeaning extractionO step.

The genetic code and GSdel numbering.
Hofstadter (1979) presents a detailed comparison
of the genetic code and the structure of G3del®
Incompleteness proof that qualifies asacell/person
analogy since it compares cellular coding and
human mathematical codes closely related to
language. GSdel@ proof involved constructing an
undecidable sentence within number theory
meaning approximately Qhereisno formulathat is
the proof of theformulawearein nowQ Todothis,
GSdel invented an elegant numbering scheme to
map the formulae of any possible number theory
proof to a unique integer. Hofstadter@ starting
point is an intuitively attractive comparison
between the self-referential aspects of G3del3
sentence (i.e., asingle number withinit refersto the
whole sentence) and self-referential phenomenain
cells supported by the genetic code (a stretch of
DNA may code for a protein that can then interact
with or Orefer toO the same stretch of DNA).
On closer examination, this analogy exhibits
both contextual as well as foca mismatches (see
Fig. 2 for schematic summary of his analogy). On
a broad view, the primary function of the two
systems being compared is very different. The
mechanism of the genetic code figures centrally in
any explanation of how cells work--transactions
between DNA, RNA, and protein are explicitly
involved in the minute to minute operation of every
cell. GSdel numbering plays no similarly explicit
role in most mathematical inquiry. Now a
contextual mismatch does not automatically vitiate
an analogy if counterbalanced by strong focal
comparisons. But Hofstadter focal comparisons
are also weak. For example, a DNA strand is
compared to a Principia Mathematica-like string,
but then the complementary messenger RNA
strand, which is equal in length to the DNA strand,
is compared to a string of higher order constructs
such as might appear in a number theory proof. A






