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Abstract

We discuss the role of linguistic metaphors as a cognitive frame for the
understanding of genetic information processing. The essential similarity
between language and genetic information processing has been recognized
since the very beginning, and many prominent scholars have noted the
possibility of considering genes and genomes as texts or languages. Most
of the core terms in molecular biology are based on linguistic metaphors.
The processing of genetic information is understood as some operations on
text — writing, reading and editing and their specification (encoding/decod-
ing, proofreading, transcription, translation, reading frame). The concept
of gene reading can be traced from the archaic idea of the equation of Life
and Nature with the Book. Thus, the genetics itself can be metaphorically
represented as some operations on text (deciphering, understanding, code-
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breaking, transcribing, editing, etc.), which are performed by scientists. At
the same time linguistic metaphors portrayed gene entities also as having
the ability of reading. In the case of such “bio-reading” some essential fea-
tures similar to the processes of human reading can be revealed: this is an
ability to identify the biochemical sequences based on their function in an
abstract system and distinguish between type and its contextual tokens of
the same type. Metaphors seem to be an effective instrument for representa-
tion, as they make possible a two-dimensional description: biochemical by
its experimental empirical results and textual based on the cognitive models
of comprehension. In addition to their heuristic value, linguistic metaphors
are based on the essential characteristics of genetic information derived
from its dual nature: biochemical by its substance, textual (or quasi-textual)
by its formal organization. It can be concluded that linguistic metaphors
denoting biochemical objects and processes seem to be a method of descrip-
tion and explanation of these heterogeneous properties.
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Hucmumym nayunou ungopmayuu no oowecmeennvim naykav PAH,
Mockea, Poccus

Hncmumym gunocoguu, coyuonoecuu u npasa Hayuonanohoi
axademuu Hayk Pecnybnruxu Apmenus, Epesan, Apmenus

AHHOTALNA

B cratbe oOcyxmaercss poib JTUHTBHCTHYCCKHX MeTadop KaKk KOTHH-
THUBHOW MO KOHIECTITYATH3aIMH Iporecca 00padOTKH TeHETHIECKON
uHpopMaruu. CyIIHOCTHOE CXOACTBO MEKIY SI3BIKOM M 00pabOTKOH Te-
HETHYCCKOH WH(POPMAIIUU OBLIO OCO3HAHO YXKE CO BPEMEHH CTAHOBIICHHS
IF€HETHKH, MHOTHE BBIIAIOIIHUECS UCCIEN0BAaTENN OTMEYaIl BO3MOKHOCTD
paccMmarpuBaTh T'eHbl U T'€HOMbI KaK TEKCTbl MM SI3bIKU. BoJbIIMHCTBO
0a30BbIX TEPMHHOB B MOJICKYJISIPHOW OMOJIOTUU OCHOBAHBEI HAa IMHTBHCTH-
geckux Mmetadopax. [Iporeccsl 00pabOTKH T'eHETHUYECKOW HH(DOpMAIUH
OCMBICIISIFOTCS. KaK OIpeJleIeHHble ONepalli ¢ TEKCTOM: 3allUCh, YTEHHE,
pEIAKTHPOBAaHUE M WX Pa3HOBUAHOCTH (KOAMPOBAaHUE/ICKOIUPOBAHUE,
KOppEeKTypa, TPAaHCKPUIILUA, NEPEeBOA, CUUThIBaHUE). McToku KoHLenTa
FeHETHYECKOro YTEHUs MOXKHO MPOCIEAUTh HauMHAs C APEBHUX Mpel-
craBiaeuil o Xuszuu u [lpupone xak o Kuure. Cama reHetuka MOXeT
OBITh MeTa(pOPHUYCCKH IMPEICTABICHA B KAYECTBE BBITIONHIEMBIX YUYCHBI-
MU OIIpENeIeHHBIX Olepaluil HaJl TEKCTOM (IeKOAUPOBAaHUE, IOHUMAaHUE,
B3JIOM KOJIa, TPAaHCKpUOUPOBaHUE, pEIaKTUPOBAHHUE U T.1.). B TO ke Bpems
JTUHTBHCTUYECKHE METa(OpPhl IPEACTABISAIOT TCHBI KaK OOBEKTHI, 00Ja-
JIAIOIINe CIOCOOHOCTBIO YNTaTh. B ciydae ¢ «OMONOrHUECKUM YTECHUEM»
MOTYT OBITh BBISIBJIEHBI HEKOTOPBIE CYILIECTBEHHBIE YEPThI, CXOAHBIE C MIPO-
[[eCCaMy YTCHUS YEIIOBEKOM: TO CHOCOOHOCTH MACHTU(PHIHNPOBATH OHO-
XUMUYECKHUE MTOCIECIOBATCIFHOCTH HAa OCHOBE MX (PYHKIIHH B a0CTPaKTHOU
CHCTEME M ONO3HABATh THITHI U UX KOHTCKCTYaJIbHBIC BApUAHTHL. MeTado-
PBI BHAATCS KaK (P (QEeKTHBHBIN HHCTPYMEHT PEIpPe3eHTAIIH, TIOCKOIbKY
OHHU CO3/aI0T BO3MOXKHOCTH JIBYMEPHOTO ONUCAHUSA: OMOXUMHUUYECKOTO IO
CBOMM D3KCIIEPUMEHTAJIbHBIM AMIUPUUYECKUM Ppe3yjibTaTaM U TEKCTyaslb-
HOI'0 110 KOTHUTHUBHBIM MOJEJSIM €ro ocMbiciieHus. B pononHeHue Kk ux
9BPUCTHYECKON 3HAYUMOCTH, JTMHIBUCTHYECKHE MeTadopbl OCHOBAHbI Ha
0a30BbIX CBOMCTBAX F€HETHYECKOM MH(OpMAIIMH, TBOICTBEHHOH 110 CBOEH
npupoe: OMOXUMHYECKOH M0 MaTepUalIbHOW CyOCTaHIUHU, TEKCTYalbHOM
(w1 KBa3U-TEKCTYalIbHOI) 1o hopme opranuzanuu. OTcroa Aenaercs Bbl-
BOJl, UTO JIMHIBUCTHYECKUE MeTadophl, 0003HAYAONINE OHOXUMUYICCKHE
O0O0BEKTHI U MPOLIECCH, MPEACTABISAIOTCS aJJleKBATHBIM METOJIOM OMUCAHUS
1 O0BSICHEHHU S 9TUX FETEPOreHHBIX KauecTB.

KuaroueBble ciioBa: snucteMonorusi, Guiuocodus HayKu, TeHETUICCKHI
KOJl, CY{UThIBAaHUE T€HA, TPAHCKPUIIIIUS IreHa, TeHeTnYeckas nadopmanus,
KBa3MCO3HAHUE, KOTHUTUBHAS MeTadopa.
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3oasin Cypen THrpanoBuY — MOKTOp (HMIIONOTHYECKUX HAYK, Ipodec-
cop, TpHUTITaNIeHHBIH podeccop bamruiickoro ¢enepanbHOr0 YHHBEPCH-
tera uMeHu MmManyuna Kanra, ucnonuurens npoekra B MMHCTUTYTE Ha-
y4HOH HH(pOpMauu 1o obIecTBeHHBIM HaykaM PAH. Bemyiuit HaydHbIH
corpynuuk MucrturyTa dunocodun, connonoruu u npasa HannonansHoi
akazemuu Hayk PecnyOiauku ApMeHus.
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On the semiotics of genetic reading

In this chapter, we address the semiotics of genetic “reading.” Like the
other metaphorically used linguistic terms in genetics, it refers to some
very complicated biochemical processes. However, the matter will change
if one makes a shift from the biochemical substance of genetic translation
and concentrates on its processing. Then, considerable similarity
between human and genetic reading can be drawn. In general, reading is
understood as a complex cognitive process of interaction between a text
and a reader, and, apart from some particular cases, its physiological or
physical features are not taken into account. Thus, eye-tracking and the
font size are necessarily crucial for reading, but they are out of semiotic
consideration. As it is generally accepted, reading has different degrees
of complexity and presupposes faculties of (a) recognition of letters, (b)
combining them into syllables, words, and sentences, (c) assigning them
a meaning, and (d) comprehension of a complete text [Aase et al. 2009].
All these operations are based on different types of semiotic correlation
between signified and signifier.

It should be clarified whether such relationships exist in genetics?
Reading in the most general sense is an operation with signs. Is it
possible to present biochemical entities as signs and what are the
signifier and the signified in this case?

It can be seen that the relations between triplets and amino acids
are not determined by biochemical properties, but are arbitrary, as
it is usual in a language. Thus, human genetics is determined by
two similar, but non-coincident codes, canonical and mitochondrial
[Barrell, Bankier, & Drouin 1979], where tryptophan and methionine
are encoded differently.
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The arbitrariness of genetic code as its essential property was already
mentioned by Francis Crick. Although he referred to an interaction
of two languages, the arbitrariness that he indicated is closer to a
relationship between the signifier and the signified. In accordance with
the Central dogma, this relation is asymmetric: the nucleotides are
“translated” into proteins, but the opposite process is impossible, so this
is a process of a hierarchical signification, but not a translation between
two languages. F. Crick considered this arbitrariness as the main
difference between the regularity of the genetic code from the chemical
one described in the Mendeleev Periodic Table of Elements:

The Periodic Table would be the same everywhere in the universe. The
genetic code appears rather arbitrary, or at least partially so. Many attempts
have been made to deduce the relationship between two languages from
chemical principles, but so far none have been successful. The code has a
few regular features, but these might be due to chance [Crick 1981, 46—47].

Since that time, this assumption of the arbitrariness of the genetic code
has been repeatedly confirmed in spite of the still existing prevalence of the
opposite, “stereo-chemical” point of view [Barbieri 2018, 2].

How is it possible to attribute the semiotic characteristics to the gene
expression (transcription and translation)? Firstly, one should explicate
what a relation between signifier and signified regarding genetic code is.
Crick’s above mentioned definition of the genetic code as a relationship
between word-stocks of two languages, between nucleotides and
amino acids can be re-formulated in a linguistically more accurate
way (esp. having in mind the irreversibility between them: nucleotides
are replaced by amino acids, but not vice versa). Any of triplets can
be considered as a signifier related to a signified, i.e., the amino acid
which is associated with the given triplet in DNA (codon — in mRNA,
anticodon — in tRNA). For example, the triplet/codon AUC can be
described as a signifier referring to its signified, isoleucine'.

' Cf.: “We can thus interpret the gene as a triadic sign: it has a ‘primary side,’
the chemical structure or the ‘chemical sensuality’ of the DNA molecules, the
significant of the gene. Furthermore this piece of DNA enters into a relation
which mediates its signification as a code for a specific sequence of amino ac-
ids. That is, the DNA piece as gene (i.c., as sign) is a relation to another object,
the protein, symbolized by the genetic code in this gene. Finally, this relation-
ship between the primary sign (the chemical DNA) and the protein (the object)
is mediated by a complex mechanism of transcription, RNA-processing and
translation, that interprets the DNA sequence in the cell: ultimately it is the
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In the case of genetic “reading,” the processes are beyond the trivial
sign copying, re-writing, recognition, and non-alternative encoding: as
there is no one-to-one correspondence between triplets and amino acids.
Besides, during its expression, at each stage a triplet is transformed
into its reverse mirror counterpart, as well as each of the nucleotides
A, T/U, T, C is replaced by its “complement,” or “antipode” (in DNA:
A T,Ceo G,inRNA: A - U, C < G.) For example, the codon AUC,
associated with isoleucine, is transformed into the anticodon GAU.
The ribosome together with mRNA and tRNA is capable of
recognizing biochemically completely different nucleotide triplets (the
signifiers) and correlating them with the same amino acid (the signified).
However, it can also associate the same signifier (triplet) with different
signs. Thus, being located in different strands, different complementary
nucleotide sequences (triplets) may encode the same amino acid, but if
itis located in one and the same strand, the same sequence will encode
other amino acids. For instance, methionine in the different strands of
DNA and RNA is encoded by these different triplets:

ATG (in the non-transcribed strand of DNA),

TAC (in the transcribed strand of DNA),

AUG (codon in a messenger RNA),

UAC (anticodon on transfer RNA).

At the same time, when AUG is located on tRNA or UAC on mRNA,
they are related to another amino acid: tyrosine, or, under certain
conditions, are recognized as a signal for termination of translation).

However, this alternating situation will be changed if one uses the
other type of notation based on the signified. In our example, if instead
of the triplet of letters (A, U, G, C, T) denoting the composition of
nucleotides, we use the names of the amino acids corresponding to
them, i.e., methionine, then the entire process of transferring genetic
information will appear as a repetition of the same sign: Methionine
(as it is encoded in the untranscribed DNA strand) — Methionine (as
it is encoded on the transcribed DNA strand) — Methionine (as it is
coded for mRNA) — Methionine (as it is coded for tRNA).

This form of notation ceases to reflect the biochemical composition
of the triplet, but it explicates the identity of its function in the different
contexts. The location on different strands can be considered as
contexts, so it is possible to reformulate the previous notation as a set
of context-dependent varieties:

whole cell itself that participates in the network necessary for such an interpre-
tation” [Emmech & Hoffamyer 1991, 34].
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Methionine => ATG (in context of non-transcribed strand of
DNA),

=> TAC (in the context of transcribed strand of DNA),
=> AUG (in the context of mRNA)
=> UAC (in the context of tRNA).

These changes are similar to alterations of the same linguistic
entities under different conditions and contexts, where the identity of
this unity is preserved in spite of variations of forms and meanings
(cf.: “I—me —mine,” “to be — is — are — was — were — been — being,” etc.).
Of course, the regularity of alteration of triplets/codons resembles the
regular varieties of forms (as in a case of regular verbs or declination).
As usual, in vocabularies and grammars, only the single “canonical”
variant is given, and the same occurs in a case of genetic code — in all
the tables and schemes a codon in the mRNA represents the class of
all of its contextual variants.

Thus, it is possible to describe the gene expression using three forms
of a meta-linguistic notation: (a) a signifier, a biochemical composition
of the nucleotide triplet and its canonical changes depending on
its location, is to be described; (b) description can be based on the
correlation between initial and resulting entities, as it is given in the
genetic code: some biochemical composition, as it occurs in mRNA,
within one of possible contexts, is taken with the corresponding amino
acid in the standard genetic code; (c) finally, a description can be
based on a signified, meaning the resulting amino acids, and all the
varieties are regarded as context-sensitive signifiers, regardless of their
biochemical substance (that is, methionine — as it is encoded in this
or that context). All of them have their specific scope of applicability.
The first type is more convenient for describing experimental data. For
the modeling of information processes, a combination of the second
and third types seems to be more appropriate, as it allows taking into
account correlations between biochemical forms, functional contexts,
and resulting meanings.

Such representation makes it clear that the decisive factor for
protein synthesis is not only a biochemical composition of a triplet,
but a coding function: the correlation between a nucleotide triplet, its
position, and the amino acid to be chosen. Thus, a codon (or anticodon)
is not a biochemical substance, but a particular function defined within
some positional context. Formally, it can be represented as a function
operated under some contextual features. Besides their location on
some strand, a position within the sequence also is relevant. The
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same codon AUG, which is usually related to methionine, when under
specific conditions located in the initial position, serves as a marker of
the beginning of the text and does not perform an encoding function.
The opposite situation occurs with other nonsense codons — UAA, UAG,
UGA. Typically, they are used as markers of termination, but under
some specific conditions, they are associated with non-canonical amino
acids — selenocysteine and pyrrolizine [Turanov et al. 2008].

These basic characteristics of genetic translation demonstrate that
there is a distinction that is fundamental for all sign systems, between
abstract elements and their concrete manifestations, between types
and tokens. Thus, a cell identifies the biochemical sequences based on
their function in an abstract system; and it is capable of reading not
only “letter by letter,” but also — at least — by identifying words and
understanding their meanings. This processing presupposes more than
the simple recognition of signs and implies the ability to operate with
abstract entities. Coming back to the abovementioned abilities, let us
consider to what degree they are comparable with the characteristics
of gene expression.

(I) Recognition of letters. It is evident that the minimal constituents
of genetic sequences, nucleotides are recognized.

(2) Combining them into syllables, words, and sentences. The
term “reading frame” properly refers to processes of segmentation —
a ribosome deals with three units and identifies them as a “word”
standing for one of the amino acids.

(3) Correlating them with a meaning. The relation between some
triplet and amino acid associated with it constitutes the genetic code
and is manifested through the whole process of gene expression. This
presupposes, in addition to the ordinary portrayal of a ribosome and
RNA as very complex and fast-running bio-machines, that it is able to
operate with abstract entities: types and meanings (signifieds).

(4) Comprehension of a complete text. Four triplets are used as
special marks (start-codon and stop-codons) for initializing and
finalizing sequences — when the polypeptide chain associated with
some gene (operon) is completed; the process of translation should be
terminated in order to start a new one. Thus, it is possible to notice
some understanding of what a text is like, where it begins and when
and where it should be stopped. Besides, contextual sensitivity and
distinguishing between homonymic forms presupposes an ability
to read a text as a whole (see more in: [Zolyan & Zhdanov 2018]).
Generally speaking, this reminds of one of the crucial statements
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of the theory of linguistic translation: “to understand is to translate”
[Steiner 1975; Ricceur 2006, 28].

Of course, the reading ability is very modest in comparison with
Schrodinger’s “all-penetrating mind.” But it is real and is not a product
of scientific imagination like Maxwell’s Demon that was destined to
measure a temperature of gas and to open doors for hot molecules. It is
also evident that the processes of gene expression cannot be exclusively
described as characteristic for complex self-regulating systems, but
presuppose some relevant quasi-intelligent faculties and features.

Therefore, a question can arise: who is the subject of this semiotic
activity? Do we assign these features to some self-reading and self-
editing and even self-writing Creature, as can be inferred from some
passages mentioned above? Alternatively, this is a typical metaphorical
personification when natural processes are represented as deeds of
some physical or metaphysical actors — the wind blows, the sun comes
out, life punishes, etc. This mode of thinking and speaking about
natural processes is inevitably extended on scientific descriptions if
they are presented in narratives told in natural language.

However, this case differs from the usual metaphoric or metonymic
personification, and it is possible to speak about some quasi-mind, but
in a very narrow and peculiar Peircian sense, as derived characteristics
of a sign system. Of course, in linguistics, it is possible and, as a rule,
productive to consider language as an autonomous system, without
regard to speakers, as this was stated by the founding father of
structural linguistics [de Saussure 1959, 232].

Nevertheless, this is valid to some degree. The very notion of a sign
presupposes the pragmatic dimension. Thus, one should refer to some
implicitly constructed subject of semiosis. Ifa sign and a sign system are
taken in their active expression, within communication, agents emerge as
necessary constituents of those processes regardless their actual physical
presence. However, in the case of linguistic communication one can get
away from this problem, as it is possible to depict some correspondences
for abstract constructed communicants with their actual counterparts. An
abstract reader can be substituted by some actual reader, and vice versa.
However, this is nota case in bio-semiosis, or in formal semiotic systems like
logic and mathematics. For example, there can be self-describing and even
self-predicting formal systems (automata) [Albert 1987] without “actual”
communicants, or some social self-referring systems [ Luhmann 1990],
where it is impossible to explicate actual “senders” and “recipients” of
messages of communication between social institutions. At the same time,
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in all these cases the typical characteristic of a sign or a sign system and
semiosis are definitely present.

In his time, having foreseen this situation, Charles Peirce
introduced the notion of quasi-mind, as a characteristic inherent to
sign systems:

Thought is not necessarily connected with a brain... Admitting that
connected Signs must have a Quasi-mind, it may further be declared that
there can be no isolated sign. Moreover, signs require at least two Quasi-
minds; a Quasi-utterer and a Quasi-interpreter; and although these two
are at one (i.e., are one mind) in the sign itself, they must nevertheless be
distinct. In the Sign they are, so to say, welded [Peirce 1906a, 523].

...But a thought, to gain any active mode of being must be embodied in a
Sign. A thought is a special variety of sign. All thinking is necessarily a sort
of dialogue, an appeal from the momentary self to the better considered self of
the immediate and of the general future. Now as all thinking requires a mind,
so every sign even if external to all minds must be a determina-tion of a quasi-
mind. The quasi-mind is itself a sign, a determinable sign [Peirce 1906Db].

This notion will prevent from a quest of cell’s and ribosome's
cognitive faculties and its physiological apparatus, as well as from
attributing it to the monotheistic God or the pantheistic Nature. A cell
can be considered as quasi-intelligence endowed with some cognitive
faculties and capable of operating with semiotic entities in the same
sense that the Piercian quasi-mind: thus is a determinable sign. However,
this is rather a semiotic, but not a biological characteristic. The idea of
C. Peirce to consider quasi-mind as the faculty derived from operations
with determinable signs seems to be the most appropriate. Of course,
this cannot explain who really reads either the whole Book of life, or
particular codons of mRNA, (if there were such a Reader), but, perhaps,
this does not matter, as it provides a methodological opportunity for
investigating genetic information as a semiotic entity.

To conclude: the semiotic/biochemical duality of genetic
information and complementarity of its description
In the final section, we would like to discuss the heuristic value of
linguistic (or semiotic) approach, ifit claims to be more than a cognitive
metaphor but a method of description. Is there any reason for such
consideration and for describing the biochemical reactions as some
semiotic operations?
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Different modes of description based on this duality enable different
correlations of genetic information with language and linguistics. In
general, linguistic terms may be used: (a) in their literal terminological
sense that they retain in molecular genetics, (b) metaphorically, as a
popular explanation or heuristic pattern, (c) in their literal terminological
sense, as they used in semiotics. In accordance with these approaches,
genetic reading can be interpreted as (a) a frozen metaphor, where
the term has lost its linguistic connotation, (b) proper metaphor, (c)
“more than a metaphor” (model, pattern), (d) proper (non-metaphorical)
linguistic, or semiotic term. Three of these options relate to the different
modes of describing the biochemical substance, and the fourth can be
suggested as its semiotic complement.

(1) In the first case, linguistic terms are only frozen metaphors (or

“dead metaphors”), the rigid interpretation regulates their semantics
in terms of biochemical reactions. “Reading” is understood as a
regular operation of correlating between some biochemical entities
(codons, anticodons, amino acids), without any textual connotations.
From this point of view, DNA is not a language, a genome is not an
information system, as it was assumed in [Kay 2000] and then repeated
by many.

(2) The proper metaphorical usage related to a text, language and
reading one can find in papers of the pioneers of molecular genetics (F.
Miesher, G. Gamow, F. Crick, M. Nierenberg), who invented most of
its terminology and were directed by semiotic analogies in their vision
of processing of genetic information. However, a ribosome who reads
out while jumping, which appears in Crick’s book, can be interpreted
only as a personification: in this collocation the term “ribosome” is
used in its proper sense, and both “reading” and “jumping” are used
metaphorically.

(3) The usage of linguistic terms can be viewed as “more than
a metaphorical usage” or “is not a mere figurative expression”
[Jakobson 1970, 437] — this statement was first made by linguists:

When I [Jakobson] first came across linguistic terms in the biological
literature, I said to myself: we need to check whether this is just a manner
of speech, a metaphoric usage, or whether there is something deeper
here. I must say that what biologists have done is quite legitimate from
a linguistic standpoint, and in fact, we can take things even further
[Lévi-Strauss, Jakobson, & L’Heritier 1968] (cited in: [Katz 2007, 57]).

96



S.T. ZOLYAN. Does a ribosome really read? On the cognitive roots and heuristic value...

Indeed, this approach also was legitimized by new findings in
bio-linguistics, bio-semiotics, and bioinformatics. It does not matter,
whether the genetic code and genomics form a language or not; at
any rate, they can be described as a language, with alphabets and
grammar systems. From this point of view, most of existing genetic
descriptions are not mere metaphors, but heuristic models [Jacob 1977],
where biochemical substances are represented as semiotic sequences
of letters and letter sequences (triplets, amino-acids, proteins, genes,
genome). Bioinformatics, then biosemiotics, and now biolinguistics
do it in an explicit way and then reveal the numerous analogies and
similarities between language and genomics, and this can lead even
to some hypotheses about the common origin of genetic and natural
languages. This makes it possible, to consider DNA-ese as a nucleic
sign system: “After exploring the structural symmetries between the
genetic and verbal codes, we conclude that the linguistic concepts
used in biology are more than just heuristic metaphors. Though tainted
by anthropomorphism, they may refer to a sophisticated form of
protolanguage whose genetic grammar could have gradually mutated
into several stages of expression: nucleic, proteic, physiological, verbal”
[Katz 2008, 69] (see also: [Searls 2002]).

At the same time, the deciphering of a genome and its equating with
the Book have become a methodological basis for bioinformatics: rather
than concentrating on the computer processing of the biochemical data,
bioinformatics practitioners claims to develop an instrument of reading
and interpretation of genetic texts:

With the publication of the human genome sequence, we are passing into
a new phase in the analysis of what is popularly being called the “Book of
Life”... The role of the may also be expected to change, by degrees: one may
become less like an archaeologist, discovering and poring over shards of
evidence to piece together rudimentary translations, and more like a literary
critic, attuned to theme and variation, elucidating ever more subtle nuances
of meaning and interrelationship in a well-worn textus receptus... Tools
and techniques of a linguistic character have proven useful in biological
sequence analysis, especially in the trend toward algorithms that model the
syntactic features of the domain with increasing sophistication... While the
comparison may seem fanciful, there are clearly instructive analogies to be
drawn between genomic and literary texts, and perhaps it is not so great a
stretch to contemplate the grammar of genes, the poetics of proteins, and
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the essential kinship of philology and phylogenetics [Searls 2001, 579, 580]
(see also: [Abel & Trevors 2006]).

(4) However, the approach “more than a metaphor” has some
inconsistency. One can see that in some cases linguistic terms cease to
be dead or living metaphors and re-acquire their literal meaning, the
one they have in linguistics and semiotics. Actually, for some features
of the genetic code (its arbitrariness, symbolic nature of triplets, reading
frame and its shift, context-dependence) the semiotic terms are more
applicable, as they do not have correlates in biochemical substances.
The dual — biochemical and informational — nature of the genetic code
and genome presupposes that its description one should be based on
the principle of complementarity. As in the case of the wave-particle
duality of physical entities, it is impossible to observe and describe
both the biochemical and informational properties of genetic entities,
and only when taken together, they present a fuller picture.

Linguistic metaphors denoting biochemical entities and
processes seem to be a method of combined theoretical description
and explanation of these heterogeneous properties. The duality
of genetic information will be represented through the double
theoretical description, as we demonstrated earlier in the case of
genetic translation [Zolyan & Zhdanov 2018]. However, since the
conceptual apparata of molecular biochemistry and semiotics cannot
be combined, one can suggest multi-level explication of bio-semiotic
metaphors: the genetic reading may be interpreted as a frozen
metaphor for biochemical interaction between codon and anticodon,
and at the same time as a linguistic operation with textual entities
(reading, proofreading, editing, etc.).

These two aspects are not equal. Since the biochemical substance
seems to be evident and certain, descriptions in biochemical terms
have never been questioned. On the contrary, suggestions to restrict
semiotic connotations and analogies are often raised by biologists,
as if these may led away from the essence of the processes, or were
redundant and added nothing to the existing biochemical descriptions.
This seems to be natural: when semiotic phenomena are reduced to
a biochemical substratum, then semiotics cannot say anything new,
except some metaphorical reformulations of the known facts. However,
some regularities (or irregularities) demonstrate that the biochemical
explanation of genetic coding is not sufficient.
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[T]he genetic code has been accepted under the assumption that its rules
were determined by chemistry and do not have the arbitrariness that is
essential in any real code... This inevitably implies that the genetic code
is a metaphorical entity, not a real code. This idea has a long history and
let us not forget that for many decades it has been the dominant view in
molecular biology... It has taken a long time and much experimental work
to overturn this conclusion, but eventually, it has been shown that there is
no deterministic link between codons and amino acids because any codon
can be associated with any amino acid. This means that the rules of the
genetic code do not descend from chemical necessity and in this sense they
are arbitrary. Today, in other words, we have the experimental evidence that
the genetic code is a real code, a code that is compatible with the laws of
physics and chemistry but is not dictated by them [Barbieri 2018, 2].

This is an essential point which exceptionally motivates such
an extension and application of linguistic-semiotic metaphors and
converting them into models and theories. There are some significant
characteristics of a genome which cannot be explained only by
biochemical principles. Besides the above-mentioned principle of
arbitrariness of relation between triplets and amino acids, the principle
of contextual dependence (sensitivity) should also be mentioned,
when the same biochemical sequence of nucleotides, depending on
their location, acquires a different meaning. However, this is only
a manifestation of a more general regularity — it is not only the
composition of elements, but also their arrangement that is valid:
AUG is not equal to GAU or UGA, etc. (compare this with some other
chemical or biochemical entities, where order of components is not
essential: H,O = OH,). This principle is valid at higher levels, too:
“A protein is like a paragraph written in a twenty-letter language, the
exact nature of the protein being determined by the exact order of the
letters” [Crick 1981, 48].

The same comparison can also be extrapolated regarding genes
(operons) and genome. In general, the order of symbols is a crucial
semiotic principle of formation (for example, the words “done” and
“node” are composed of the same letters but are different as they have
different signifieds). Based on this, in his last works the pioneer of
bioinformatics in the USSR Vadim Ratner suggested considering a
genome not only as a biochemical phenomenon, but also as a semiotic
one:
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Genes are not the germs of biological structures, but resemble linear texts

(DNA sections), written under certain rules and carrying genetic information
about molecular structures and functions... Some “meaningless” areas do not
encode a protein or encode spoiled proteins. In all cases, both genes and non-
coding areas are segments of DNA molecules, i.e., are constructed from the

same alphabet of four nucleotides. Therefore, the differences between such

texts are not in their physical nature, but exclusively in a succession of symbol-
monomers. This is the key to the information-linguistic approach. Hence, genes

are not physical, but information units of heredity [Ratner 2000, 24].

The combination of these heterogeneous beginnings can be regarded
as an organic metaphor, metaphor in the flesh in blood, as this was
suggested by Russian biologist and bio-semiotician Aleksandr
Sedov:

It is not our language that uses this metaphor, the genome itself is such a
dual agglomerate, where, in certain aspects of it, we see its semiotic essence,
and in others — a biochemical one, and one cannot be separated from the
other. Many biological subjects and processes resemble written texts and/
or hand-made artifacts, while being billions of years older than human
beings... Hence, using the semiotic approach, biologists and humanitarians
can cross-share their cognitive models, and then test them empirically
for fruitfulness and predictive ability inside living organisms... When
comparing organisms with texts, genes and cells are like “fleshy metaphors’
that emerged long before human speech, languages, and written texts
[Sedov 2000, 532-533].

b

Thus, there is possible interaction between the duality of a genetic
code and duality of a linguistic expression, which can be interpreted
in both of its meanings, as either literal or metaphorical. The principle
of complementarity assumes that a semiotic description, originally
formed from a metaphor, can enter a theory and give a new vision of
processing genetic information. From this point of view, the perception
of operations involved with processing of genetic information will
cease to appear as a sequence of reactions denoted through useful or
redundant metaphors; instead, they can be regarded as purposeful and
therefore meaningful actions. Accordingly, the genetic code appears
not as a frozen accident (F. Crick), but as a regulated semiotic system
(language) which generates texts that should be adequately interpreted
(read and translated).
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