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Abstract

The teleological though is a well-known misunderstanding of evolutionary biology and it is frequently understood as the vision that
organs, species (and genes) have evolved to achieve specific ends. The theory of evolution as predisposed by Charles Darwin is based
on differential reproduction of randomly produced variants with no direction. This commentary intend to look into molecular genetics
and genomics trying to point out major evolutionary conceptual problems on naming genes according to their most likely, first-described
function. Naming genes in accord to their function may lead to misunderstandings and finalistic thoughts assumptions that genes might
have “evolved for” accomplishing that function. Besides, the idea that a gene would be responsible for a single and unique function
in the cellular environment became over simplistic. We now accept that genes have multiple splicing variants, messenger RNAs can
attach multiple molecules in the cytoplasm, proteins have multiple sites of recognition by the immune system (epitopes), interact with
many other proteins and most genes present regulatory roles in the cell metabolism. Gene name databases and biological ontologies
consist in a powerful repositoire of gene characteristics and will certainly help further studies of gene systematics and taxonomy.
Genes should be considered free-living entities evolving by the processes of natural selection and self-organization that cannot foresee
functions to evolve for. Here | discuss the intellectual teleological background behind naming genes based on their functions and
suggest new approaches for gene naming and classification in the future.

Introduction

The thinking that organisms have evolved and modified their
anatomical constitutions “to achieve specific aims” is probably one of
the greatest misunderstandings related to biology and evolution. This
kind of thought is known as the teleological thought.

Biological Darwinian evolution does not operate by causative, direct
agents. The environment influences the genetic material just subtly by
the force of natural selection. Random mutations will act in the DNA
to change nucleotide bases that after translation may further generate
modifications in amino acids, changing the 3D structure of the codified
protein. Most non-synonymous mutations will slightly damage a given
protein structure that has been working well along generations. Once
in a while, those mutations will produce a molecular modification
that will turn the individual harboring it fitter. The raise of fitness will
make this individual capable to keep being alive and producing more
offspring, making its genes more represented in further generations.

This molecular updated view of Darwinian theory has been
challenged in the late 60’s when it has been discovered that mutations
that raise fitness consist in a vast minority and actually most genetic
characteristics has a quasi-zero advantage in fitness. The classical paper
by King and Jukes [1] was actually called “Non-Darwinian Evolution”
and along with the paper of Motoo Kimura “Evolutionary Rate at the
Molecular Level” [2] inaugurated a time of controversies. According to
the neutralists, evidences have shown that randomness of mating and
genetic drift play the major role in the evolution of complex organisms.
According to them, natural selection would be an overestimated force
in biological evolution.

Besides, in very few occasions a clear relationship between the
genotype and the phenotype has been observed. These genes to
character relationships have been difficult to be found and hard to be
measured with precision. Therefore, modern geneticists seem to think
that complex organisms evolve independent from the environment in
many aspects.

On the other hand, since we live in a world on which facts can be
traced to their specific and directed causes, the teleological thought is an
intuitive idea that comes into mind when someone consider any topic
of interest, such as the evolution of organisms - and also the evolution
of genes. This finalist view has been extensively discussed by the most
prominent philosophers of biology [3-7] although it has being applied

mainly into the understanding on the evolution of species. What if we
look into molecular genetics and contemporary genomics trying to see
how teleology is conceptually buried in our thought?

Thought experiment: a teleological nomenclature for genes

At this point, it would be interesting to propose a thought
experiment: let us suppose that someone would like to name a biological
entity (a gene) according to a teleological perspective. Of course, it is
wrong to do it. But it is just an experiment. So, let us suppose that a
gene would have actually evolved to do something. And this something
would be codifying a protein with a given enzymatic activity. Thus,
let us name the gene with the enzymatic activity it has “evolved to”
perform!

Although forcing the problem into a biased perspective, this is
actually how most genes are named: based in the enzymatic activity they
perform. For example, the genes of the first part of the glicolytic pathway
are: Hexokinase, Phosphoglucose isomerase, Phosphofructokinase,
Fructose-bisphosphate aldolase and Triosephosphate isomerase; all
named after the catalytic reaction they perform even though many also
play important regularory roles. Actually, the official entity for naming
human genes, HUGO (Human Gene Nomenclature Committe)
suggests that: “if possible, names should be based on function” [8]. It
is clear that HUGO make an important job on defining unique names
for genes, but it is time to go further in gene naming and systematics.

Even though evolutionists have always been ideologically fighting
against the finalistic view of evolution; it seems to be incorporated in
the intellectual background of scientific disciplines of biochemistry,
genetics and molecular biology. It is reasonable to suppose that
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naming genes in accord to their putative function might lead to
misunderstandings and finalistic thoughts that genes have “evolved
for” accomplish a given function.

Actually, defenders of the intelligent design used the view
that enzymes such as ATP synthase are highly complex molecular
machines impossible to have evolved by natural selection together with
teleological argumentation to disqualify the entire field of evolutionary
biology [9]. Rephrasing old criticisms to evolution such as Paley’s
watchmaker argument, they suggest that multimeric, complex enzymes
would require an intelligent maker.

Thus, a deeper understanding about the evolutionary nature of
genes and how they have evolved from initial replicators must follow.
Naming genes after the molecular reactions their protein perform
is somehow accepting a finalistic view of evolution that has proven
to be mistaken. In order to solve this problem we will need to study
better gene ancestrality [6] and gene ressurection, for example [10-12].
Besides, a new tree-based system of gene taxonomy and systematics
must arise.

Many discussions about the inappropriateness of gene naming in
scientific journals have taken this relevant topic into account [13-17].
Moreover, a number of web-sites seem to refer into these gene-name
problems as mere curiosities [18,19] .Maybe it is time to rethink that
issue.

Gene naming known problems

Other challenges are related to the identification of common
problems in gene naming. Seringhaus and collaborators (2008)
classified gene names in four main classes:

(1) The ones presenting explicit meaning
(2) No explicit meaning

(3) Transferred naming system and

(4) Other problematic relationships.

Genes presenting explicit meaning are the ones on which their
names reflect “in some intelligible way an underlying characteristic”
of it. No-explicit meaning stands for genes named using funny or
non-obvious characteristics as well as any series of non-meaningful
characters defined by gene-predictor softwares. The transferred naming
system is the case of arabidopsis genes superman and kryptonite on
which one gene is named due to its relationship with another ones.
The last of Seringhaus categories on which genes’ names have shown
to be “problematic”. One example of this would be the case on which
a gene has been named according to a given function that has further
been proved as incorrect or misleading. Once more, the problem of
associating gene names with their presently known function. Many
researches have shown genes presenting more than one known
function [20-25]. Besides, each protein has multiple sites of recognition
by the immune system (epitopes), genes have multiple splicing variants
and messenger RNAs can attach multiple molecules in the cytoplasm,
making that a functional gene nomenclature system become over
simplistic and naive. The dogma one enzyme-one reaction is broken:
every gene is probably performing multiple functions in the cellular
environment. The gene should be seen as an independent evolving
entity and its codified protein has at least many immunological
properties as an epitope besides its molecular functions. Why geneticis
keep given gene names based on their “function”?

Thus, the problem with gene naming may be even more problematic
even when they present a clear explicit meaning. Nevertheless, the most

used documents prepared to help researchers to give name to genes,
suggest exactly this approach and the Guidelines for Human Gene
Nomenclature (1997) states the following in the section 1.3 about
“Gene names”: “1.3.1. Gene names should be brief and specific and
should convey the character or the function of the gene” [26]. The
problem is: the explicit meaning is almost always referring to the most
likely and firstly described function of a gene. And this assumption may
be wrong.

A critique to the idea of function in biology

Stuart Kauffman from the Santa Fe Institute is one the world
leaders in the theory of chaos, in the study of complexity and self-
organization .In a conference called “Evolution beyond Reductionism”
(Jodo Pessoa, Brazil, December 2014), he criticized the concept of
function in biology. He asked to the audience: “What is the function of
a screwdriver?” Although screwdrivers have been developed to screw,
one could use them in an enormous multiplicity of purposes. This
means that, even if an entity has been developed to do something, it
can be used for many other issues.

In the case of genes, modern evolutionary theory suggests they did
not evolve to any purpose at all. Genes should be understood as free-
living molecular entities on which natural selection can act to shape it
subtly.

The main argument to present is the idea that associating gene
names to their functions can be seen as teleology. Scientific names of
species are definitely not chosen according to the species’ function. In
fact, what would be the “function” of a given species? The process on
which genes evolve is analogous to the process on which species evolve
and it is so that their names should not be given based on their function
as understood by biochemists. Such as species, genes exist as physical
entities and they are subject to mutations, genetic drift and natural
selection. The ones capable to cooperate better with others and their
surrounding environment will survive and become represented in the
next generations. Both genes and species execute a number of processes
that may be called “functions”, even if they do not “exists for” doing
them. Genes and species exist only as evolutionary entities: they do not
exist “to” accomplish anything. It would be really strange to call a cow
by such a name like “milk producer” or “meat producer”. If humans use
organisms to some goal, it does not mean that organisms really exist for
that and the same argument is valid when thinking about genes.

Description of the main characteristics of genes

However, even if a gene should not be named in accord to its
function, it is clear that genes codify proteins that perform catalytic
activities and these characteristics must be somehow attached to its
representation. Then we finally come into some of the ideas originated
mainly under the push of genomics sciences. First, the idea of creating
a controlled vocabulary to describe the characteristics of gene [27] will
certainly allow us to avoid the using of gene functions as their names.

Recapturing classical Darwinian theory, Thomas Huxley divides
the knowledge about organisms in two main fields: morphology and
physiology [28]. According to Huxley, morphology is the field that
describes an organism in terms of their structural peculiarities while
physiology represents the description of species regarding their
environmental function. Besides the necessity of a common vocabulary
to speak about gene names, there is the necessity to describe genes
in regard of their morphology and physiology. The morphology of
genes shall be understood as the characters underlying their reality
in the physical world: such as their most common position in a given
genome, their wild-type sequence of nucleotides and the related RNAs
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and proteins they produce. The morphology of the genes should be
described and named by their 3D-structure and it seems necessary
to create ontologies such as a PDB-file format that would describe
morphological characteristics of genes and proteins to be used in this
complex characterization.

Considering physiology, a gene must be described in terms of
which molecular function it performs, which biological processes
it participates, which molecules it interacts as well as its relevance
for known metabolic problems or associated diseases. Some other
characters, such like the position in the cell on which genes’ products
have shown to be present (as physical entities) have helped researchers
to infer their putative functions and make the link between the field of
gene morphology and physiology.

Biological ontologies

Most of these described worries on the representation of genes in
human understandable ways have been performed in the last years
through a number of different ways. Many genome projects have
been finished and genome annotated Genbank files [29] frequently
present the position of genes in the genomes of sequenced species as
well as their most likely RNA coding sequences and protein sequences
in FASTA format [30]. Associated files produced during the time-
consuming process of complete genome annotation are also available,
linking genes into their molecular functions and the putative biological
processes they have been involved [31-33]. Moreover, functional
genomics data have developed bringing into light the role of previously
unknown genes and suggesting new roles for known genes [34-37].

We might say that the problem in defining standards for gene
representation have been solved recently, at least in great part, through
the use of biological ontologies [38,39]. Some biological ontologies are
used as common vocabularies defined to describe genes’ physiological
and morphological characteristics, such as gene ontology (GO) [27]
and sequence ontology (SO) [40] respectively. GO is the most widely
used ontology in molecular biology and it may be said that all the new
sequenced genomes have their genes classified on each of the three
main sub-ontologies. Thus, GO provides a controlled vocabulary of
terms in regard of the molecular function, biological processes and the
cellular components on which genes have been associated and a high
number of articles have been published recently presenting further
analyses based in this resource, corroborating its efficacy and utility for
a number of applications. The SO is a newer resource and unhappily
the new sequenced genomes still do not use this kind of annotation
very often, although it has already been used successfully by the biggest
genome resources on model organisms, such like the WormBase,
FlyBase and the Mouse Genome Informatics group. Moreover, the
usage of controlled vocabulary to describe sequence features has been
proven to help annotation and database curation through the use of
text-mining algorithms [41].

The advantage of using controlled vocabularies is enormous since it
allows, for example, an easy and even automatic comparison a number
of gene features between the genomes of a number of species.

Therefore, considering that (1) genes are entities evolving by no
causative agent at all, (2) most genes have proven to present more than
one function, and (3) we have already good ways to describe genes’
features both morphologically and phisiologycally, what we probably
need now is a restructuration on the way we give names to genes.
Moreover, since genes evolve in similar ways to species (by random
variation and selection), it has been already suggested that genes might
be better described using binomial Linnaean names [42].

Modern ways to give names to genes

According to the HUGO Gene Nomenclature Committee (HGNC),
the committee responsible to approve genes names in humans, the
problems of nomenclature in human genetics were recognized as early
as the 1960s and full guidelines for human gene nomenclature were
presented at the Edinburgh Human Genome Meeting in 1979 [43].
Since then, groups of molecular biologists and bioinformaticians have
been working to produce a controlled gene nomenclature database of
terms containing approved symbols and names for each human gene
[44]. New human genes shall be named following a number of rules
described in the HGNC Guidelines for Human Gene Nomenclature
which present in its very first page the following definition of a gene:
“A gene is a DNA segment that contributes to phenotype/function. In
the absence of demonstrated function a gene may be characterized by
sequence, transcription or homology.” Therefore, even the concept
of gene for modern gene taxonomists is primarily associated with
its function. It was already demonstrated in here that reducing gene
raison-d’etre to its function is incurring in teleology. Genes are free-
living entities evolving by the processes of natural selection and self-
organization that cannot foresee functions to evolve for.

Suggestions for a new gene nomenclature and classification

Since Carolus Linnaeus, organisms have been classified into groups
due to the presence of some particular characteristics. Looking into
organisms and their similarities and/or differences, naturalists have
created criterions to group them together into a taxonomic class in a
way that putatively represent their ancient evolution from a common
ancestor. As already pointed out, it is time for an evolutionary approach
on the origin of genes and the study of molecular Darwinism will be
able to produce answers about the common ancestry relationships
among all known genes. This knowledge about the origin and evolution
of genes will also allow the study of many other interesting topics in
biology. It will also be interesting to study mechanisms of “genetic
speciation” (molecular cladogenesis) and how a duplicated gene
evolves by accumulating mutations and diverging from its ancestors.

Of course, the whole molecular biology community must take such
effort and the associations created to name genes: such as HUGO, must
be convinced about the relevance of the present argumentation. It is
maybe time for a new consortium on gene taxonomy and systematics.

Conclusion

Both (i) the aristotelic ladder of beings growing up from simple
organisms “to” achieve the human complex brain, behavior and
conscience and (ii) the lamarckian giraffes that have been longing
their necks “to be able to” get the high leaves in trees are widely known
examples of evolutionary mistakes associated to a finalistic view of
evolution. Although Darwin’s theories brought those thoughts to
history, the way contemporary researchers name genes according
to their molecular function is still contaminated by the teleological
thought.

Such as species, genes do not evolve to perform any given function;
genes accumulate random mutations and the ones that happen to
cooperate in an integrated fashion, helping organisms’ adaptation
and reproduction are kept in the genome and passed on through
generations.

Therefore, genes should not be named after their functions using
names unrelated to their functions. Genes should be classified in groups
related to their similarities and common ancestry, just like it has been
done with species. It is possible that Linean taxonomy might be used
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and, thus, genus, families, classes, orders and other taxonomic groups
might be created to group together genes presenting some defined
molecular characteristics that will attest for their lineage of common
ancestry deriving from LUCA’s genome or even earlier in time. We
look forward to a time, hope not so far, on which evolutionary genes’
names and evolutionary relationships will be better understood and
classified.
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