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Summary
In the genomics era, bioinformatic analysis, especially in
non-model species, facilitates the identification and
naming of numerous new proteins, the function of
which is then inferred through homology searches. Here,
we question certain aspects of these approaches. What
are the criteria that permit such a determination? What
are their limits? Naming is classifying. We review the
different criteria that are used to name a protein and
discuss their constraints. We observe that the name given
to a protein often introduces a bias for further functional
analyses, a bias that is not often taken into account
when analysing results. Last but not least, the heterogeneity of criteria used for naming proteins leads to self-

1

USM 501, Evolution des Régulations Endocriniennes. Muséum
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inconsistent or contradictory protein classification that
is potentially misleading. Finally, we recommend a
wider use of phylogenetic criteria in protein naming.
BioEssays 30:349–357, 2008. ß 2008 Wiley Periodicals,
Inc.
Introduction
Among the many steps in describing a new protein, one that
could be considered as trivial is its naming. The importance
of this step seems to have been underestimated, as many
examples show that giving a name to a protein is not neutral.
Names refer to concepts and, therefore, could have a major
influence on further experimental efforts.
In the pre-genomics era, when genes and proteins were
isolated in order to understand the molecular basis of a
phenotypic feature, the name chosen was often linked with the
approach used to isolate the protein (a point discussed later).
DNA probes were designed on the basis of known sequences,
and used to search for new sequences hypothesised to be
related enough to hybridize with the probe.
In the genomics era, the problem took on a new dimension
with the increasing number of available nucleotidic sequences
and the progress in prediction algorithms, which resulted in
more and more new proteins, especially in non-model species,
being predicted every day through bioinformatic analysis, with
their function duly inferred by homology searches. Protein
annotation is a two-step process (reviewed in Refs 1,2). First,
there is a structural annotation step, in which the corresponding DNA sequence is checked for the presence of start and
stop codons, splicing sites and other features that permit
determination of the coding sequence. This step is now quite
well automated (reviewed in Ref. 3), even if all prediction
programs need to be refined, especially when working with
sequences from non-model species, where the gene structure
and splicing mechanisms can vary. The second step is the
functional annotation of predicted protein products. This
process is increasingly carried by automatic tools, which
are very helpful for a quick description of large datasets,
but are prone to artefacts and, in particular, can lead to
propagation of annotation errors. The process has been
discussed and reviewed by Valencia,(4) who argued for a
reliability score assignment to sequence annotation in order to
facilitate a critical appraisal of the information.
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Any language needs concepts, which can be defined as
classes of objects. A class is a set of assembled objects
sharing a special property.(5) Any name of general use is
primarily attached to a class, not to the object itself. For
instance biologists do not need to name individual molecules;
therefore any protein name actually refers to a class of material
entities. When a new protein is described, the name refers not
only to the molecules that were in the test tube of the describer,
but also to all the molecules sharing the same amino acid
sequence that could be found in the body of the animal from
which it was purified, and even in the body of other animals of
the same species. Giving a name to an object is therefore
dealing with classifications: it is assigning the particular object
to a set containing other objects sharing common properties
(i.e. a class or a concept). These properties are always
arbitrary, but problems arise when different properties are
used to create non-overlapping kinds of concepts dealing
with the same objects. Risks and imprecision ensue when
using words in the wrong conceptual framework. For example
‘‘algae’’ is an ecological concept. It covers all living things
having photosynthetic activity in aquatic environments.
Using this term in a phylogenetic classification is potentially
misleading. Errors result when we wrongly identify the nature
of the concepts that we are using. If one selects ‘‘algae’’ to
compare their DNA sequences while expecting homogeneity
of ‘‘algal’’ sequences, one would be surprised to find phaeophycean sequences (brown algae) more similar to ciliate
sequences than to green algae sequences.(6) Green algae
sequences are more similar to those of land plants. Following
on from these ideas, the goal of the present paper is to highlight
the heterogeneity of properties chosen to create the concepts
used for protein naming. This heterogeneity constrains experimental possibilities and creates misunderstandings: names
are chosen according to various criteria and they are later
wrongly understood as names referring to structure and
origin (i.e. names given using phylogeny), as they should in any
comparative approach in biology. In this regard, current
protein-naming approaches are not based on a self-consistent
classification of proteins.
Here we will review the different criteria that are used to
name a protein, in order to pinpoint the limits of each of them.
Then we will study how these names can influence further
experiments, and we will finally discuss how such bias might be
corrected.
Different types of names,
but a common definition problem
Proteins are given different kinds of names, i.e. their names
refer to heterogeneous concepts, depending on the approach
used to isolate them. These different types are summarized in
Table 1.
Many proteins studied by traditional approaches were
given functional names (for the different meanings of the word
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Table 1. Summary of the different types of names
found in protein nomenclature
Notion alluded to
in the name
Biological function
Localisation in an organ
Mutant phenotype
Ligand binding ability
Presence of a conserved domain
Position in a gene cluster
Biochemical function

Example
Prolactine
TPO (ThyroPerOxidase)
USP (UltraSPiracle)
RXR (Retinoid X Receptor)
HOXB1
HOXB1, HOXC4
HSD17B (17-beta HydroxySteroid
Dehydrogenase)

The cited examples are discussed in text.

‘‘function’’ in this paper, see Box 1): when a protein was purified
in order to understand the molecular basis of a given biological
function, the name often referred to this function. The
reference to this function often supposes that a particular
organ exists in the animal having this protein. In some cases,
this leads to anomalous situations. Many recent papers still
refer to prolactin in teleosts (see Ref. 7 for an example), even if
this protein could of course not stimulate lactation in species
that do not have a mammary gland. In fact, in teleosts, prolactin
is involved in osmoregulation and this probably represents
the ancestral function of this protein. An interesting example of
trying to correct such inaccuracies of nomenclature is the case
of the WNT proteins. The first wnt gene was identified as a
proto-oncogene, activated in response to proviral insertion
of a mouse mammary tumour virus, and was named int-1. In
Drosophila, where its mutation led to a wingless phenotype, it
was named ‘‘Wingless’’. Later it was recognized that int-1 and
‘‘Wingless’’ were homologous and that they belong to a large
family of related glycoproteins. Since a wingless phenotype is
nonsense in mammals, in order to simplify the nomenclature,

Box 1. Different meanings of the word ‘‘function’’.
The use of the word ‘‘function’’ can be confusing in
protein biology, because it refers to different things. For
the purposes of clarity, in this study, we will distinguish
three kinds of ‘‘function’’.
Biochemical activity refers to the kind of biochemical
reaction made by the protein, e.g. dehydrogenation, for
an enzyme, or to the type of modification undergone by
the protein, e.g. ligand binding for a receptor.
Biochemical function is the reaction made in-vivo by the
protein, e.g. dehydrogenation of a 17-beta steroid,
binding of retinoic acid.
Biological function is the function in which the protein is
involved at organism level, e.g. steroid biosynthesis,
metamorphosis.
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the whole family was renamed Wnt, a amalgam of Wingless
and Int (reviewed in Ref. 8). In other words, the statement
that homologous proteins were given names referring to two
different frameworks (developmental for Drosophila, oncogenetic for mouse) lead to the formation of a framework-neutral
name, suitable for both proteins.
When the differences between species are not so great,
the given name sometimes refers to a supposed homology
between two different species. Defining the peroxidase
expressed in the endostyle of Branchiostoma belcheri as
BbTPO (for Branchiostoma belcheri ThyroPerOxidase) suggests that amphioxus endostyle is homologous to vertebrate
thyroid. For some authors,(9) the restriction of the expression of
BbTTF-1 (thyroid transcription factor-1) and BbTPO to the
endostyle strongly suggests that the endostyle is homologous
to the follicles of the thyroid gland, whereas the traditional
hypothesis is that the whole thyroid gland is homologous to
the endostyle.(10) Thus, because BbTPO is considered a
thyroperoxidase, its expression pattern provided evidence
for the homology between two organs. In this case, the use of
the same name is misleading, and even dangerous, because it
favours a conclusion that has not yet been adequately tested.
The name ‘‘Endostyle Peroxidase’’ would be more neutral in
this case.
In the case of developmental genes, the name often refers
to the associated mutant phenotype. For example, the name of
the nuclear receptor USP was coined from the ultraspiracle
phenotype, referring to the extra set of spiracles observed on
larvae harbouring a loss-of-function mutation in this gene,(11)
whereas the orthologous gene was named RXR for
‘‘Retinoic X-Receptor’’ in mammals, referring to its ability to
bind retinoids.(12) In basal insects (excluding Diptera and
Lepidoptera), the orthologous protein sequence was surprisingly more similar to vertebrate RXR than to Drosophila USP.
Therefore, the homologous protein of these insects was given
the name USP-RXR, even in the absence of any ultraspiracle
mutant and even if the receptor was recently shown not to bind
retinoid in vivo.(13) Purely, in terms of gene function, a third
name would have been preferable, but the authors chose
simplification and phylogeny as a guide for nomenclature.
Many protein names derive from the presence of a
particular conserved domain. In vertebrates, the name of the
famous HOX proteins refers to the existence of a conserved
DNA-binding homeodomain, which in turn refers to homeosis
(i.e. the transformation of one body part into another),
observed when those genes are mutated. But this domain
also exists in other proteins, like the gap gene products EMS or
OTX in mammals, which are not called ‘‘HOX’’ because
this name is reserved for proteins whose gene is located
within a hox cluster.(14) In some cases, this definition is quite
arbitrary: two Evx genes are located on the 50 -end of the
mammalian HoxA and HoxD clusters, but Evx are not included
in the hox genes category because its Drosophila ortholog,

Even-skipped (Eve) is not located within a hox cluster.(14)
Since the hox gene cluster in Drosophila appears quite derived
when compared to those of other metazoans, this exclusion of
Evx from the bona fide hox cluster may be considered as
arbitrary.
The situation is much more complicated with protein names
referring to biochemical functions. For example, the name 17-b
hydroxysteroid dehydrogenase (HSD17B) is used for many
proteins that are supposed to dehydrogenate 17-b steroids, an
important step in steroid hormone biosynthesis. But, in fact, this
name describes proteins with very different activities (reviewed
in Ref. 15). Another problem is that all the proteins named as
HSD17B are not members of the same protein family: the
HSD17B5 is a member of the aldoketoreductase (AKR) protein
family while the rest of the known HSD17B belong to the shortchain dehydrogenase/reductase (SDR) protein family. Even
within the SDR family, the HSD17B-activity seems to have
arisen several times independently(15) (see Fig. 1).

Figure 1. Convergent acquisition of biochemical functions
within the SDR family in human. 11-beta-HSD activity and
retinoid dehydrogenase activity seems to have appeared twice
independantly. Because of the many other members of the
family, not show, in that tree, even the HSD17B activity probably
arose many times. Modified after Ref. 15.
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These proteins often show multi-substrate activities, some
of them being able to dehydrogenate either 17-b steroids or
retinoids, with the HSD17B-activity sometimes only being
established in vitro (reviewed in Ref. 16). The result is that the
‘‘HSD17B’’ family is paraphyletic, and even contains members
with no 17-b hydroxysteroid dehydrogenase activity, leading to
a very puzzling situation, since all these enzymes share
the same identification code in the enzyme database (EC
1.1.1.51). This may also indicate that, in certain cases, the
experimental efforts addressing the substrate specificity of
the protein may have been misguided—or seen in a too narrow
a fashion - by the gene name, as we discuss below. This
provides a typical example of overlapping frameworks: the
concept ‘‘HSD17B’’ was first used to describe a biochemical
activity observed in vivo. But when the proteins presumed to be
responsible for this activity were isolated, the word ‘‘HSD17B’’
was reused to name them, and was later used to name
proteins showing an in vitro HSD17B-activity, whereas there
was no evidence for their in vivo activity. So the same
name ‘‘HSD17B’’ is used to describe two different concepts
that partially overlap. The set ‘‘HSD17B’’ has a biochemical
functional meaning. However, it is composed of entities that do
not exhibit the biochemical functions in vivo because another
framework, the presence of an in vitro HSD17B-activity, has
led to their collation as a set. Such problems sometimes
appear even in the title of the characterisation paper. For
instance, the title ‘‘Expression cloning and characterization
of human 17 beta-hydroxysteroid dehydrogenase type 2, a
microsomal enzyme possessing 20 alpha-hydroxysteroid
dehydrogenase activity.’’(17) clearly indicates that assigning
the name of a protein with referring to a biochemical activity
lead to some overlaps, even at the biochemical level.
Furthermore, even when the biological function is conserved between two orthologous proteins, they can have
radically different biochemical functions. The nuclear receptor
USP-RXR is a transcription factor that is activated by the
transient binding of small fatty acids in deuterostomes
and molluscs. It has lost its ligand-binding pocket in insects,
becoming an orphan receptor in most of the arthropods. But in
Mecopterida, the crown insect group containing Diptera and
Lepidoptera, the gain of a large ligand-binding pocket allows
the binding of structural ligand.(18) In this case, fatty acids are
constantly present in the ligand-binding pocket.(19) So even if
the biological function of transcription factor, acting as a dimere
with another nuclear receptor, is conserved among bilaterians,
the biochemical function, here the ligand-binding abilities,
are very different between Mecopterida, other insects and
other bilaterians (Fig. 2). This difference cannot be overemphasised, because the ability to bind a ligand transiently
allows fine-tuning of gene expression, and this will depend on
the availability of ligand.
To sum up, protein nomenclature is very heterogeneous,
often depending on historical circumstances and organism-

352

BioEssays 30.4

Figure 2. Function diversification in homologous proteins.
The USP-RXR receptor binds small fatty-acid ligands in
cnidarians, molluscs and chordates. It has lost its ligandbinding pocket (LBP) in insects and then gained a larger LBP in
Mecopterida. Modified after Ref. 18.

linked specificities. For multigenic families, this often leads to
confusing situations, so unified nomenclature systems have
been established, specific for each gene family, to rationalize
the system: CYP genes,(20) hox genes,(14) voltage-gated
ion channels,(21) and nuclear receptors(22) provide classical
examples. An independent nomenclature system has also
been developed for all enzymes (reviewed in Ref. 23), official
nomenclature committees such as NC-IUPHAR exist for
receptors used in pharmacology,(24) and general nomenclature principles have been defined on a whole-genome scale
for man.(25) These nomenclatures have their limitations,
especially those based upon one specific organism (human
or fly), because the different naming systems do not facilitate
cross-species comparisons, and sometimes increase confusion. For example, Nelson recently warned about this
situation giving the example of the annotation of rat Cyp2
genes, where the nomenclature was fully revised by a
nomenclature committee to match orthologous mouse genes,
but the rat genes had already been given official names that
refer to human CYP genes that are not their orthologs.(26)
Another field that has received little attention is the correction
of identified errors. It has been shown that a great number of
papers are not retracted due to the lack of post-publication
curation, especially for journals with low Impact Factor and
limited access.(27) Thus, it would be important to facilitate postpublication correction in name fields in Genbank and other
frequently visited databases. This implies that, when a protein
name is seen to be erroneous, other curators should be able to
submit modifications. As for accession number, former names
should be conserved to permit an easy retrieval of sequences

Problems and paradigms

referenced in old papers. Given the fact that such a work is time
consuming, this curation activity should be taken into account
both from a funding viewpoint and in the evaluation of
researchers’ activities. Securing an adequate funding for
this often ignored, but critical, activity of curation will
certainly have an important impact for the whole biology
community since it could avoid controversies and experimental
dead ends.
When protein names lead to
experimental biases
One could argue that some names have only an historical
signification and that their etymology has little importance for
further studies. But selecting a name for a protein sometimes and more often than expected—leads to experimental biases,
simply because our experiments depend on the concepts we
have in mind and sometimes these concepts are wrongly
interpreted.
The estrogen-related receptor (ERR), was found using a
low-stringency screen with a DNA probe corresponding to the
gene region coding for the DNA-binding domain of human
Estrogen Receptor alpha.(28) It was named ERR because of
the high percent identity between its conserved domains
(DNA- and ligand-binding domains) and the corresponding
domains of estrogen receptor (ER). Given this proximity to
ERs, its ability to bind estrogens was tested, and it was not
possible to demonstrate binding with any major class of
steroids.(28) It was later found that ERR-alpha can bind the
endocrine disruptors toxaphene and chlordane(29) and that
ERR beta and gamma are inhibited by 4-hydroxytamoxifen(30)
even if the physiological relevance of these findings is still
discussed.(31) But it has never been reported whether or not
ERR could bind androgens, gluco- or mineralocorticoids,
although new phylogenies suggest that ERR is not more
closely related to ER than to other steroid receptors such as
the glucocorticoid receptor (GR), mineralocorticoid receptor
(MR), androgene receptor (AR) and progesterone receptor
(PR).(32,33) The same bias appeared in studies on the
biological functions of ERRs. Many features of ERRs (its
DNA-binding site, its protein–protein interaction abilities, its
implication in physiological pathways etc) were tested in the
light of this apparent close relationship with ERs (see Ref. 34
for an example) and very little attention was paid to its possible
links with steroid receptors even if we now know that ERRs are
not more closely related to ERs than to other steroid receptors
(Fig. 3). This bias clearly appears through a database search
in PubMed abstract with the keywords ‘‘estrogen-receptor
related’’ and other steroid receptor names. As of December
2006, only one abstract mentions together AR and ERR, two
for PR and ERR, four for GR and ERR, none for MR and ERR,
whereas 29 abstracts discussed relationships between ER
and ERR, many of them with eloquent titles: ‘‘Transcriptional
targets shared by estrogen receptor- related receptors (ERRs)

Figure 3. Protein naming and experimental effor t.
A: Phylogeny from Ref. 22, where ERR is closely related to
ER, and thus explains why ERR was more often compared to
ER than to other steroid receptors. B: Phylogeny from Ref. 32,
showing that ER is not directly related to ERR, even if the last
common ancestor of ER and other steroid receptors may have
bound estrogens. C: Current consensus view of the phylogeny
of ERR and other steroid receptors, showing that ERR is no
more closely related to ER than to another SR. When provided
by Giguere (Ref. 28), the percentages of amino-acid identity
between the ligand-binding domain (LBD) and DNA-binding
domain (DBD) of ERR and other receptors are shown. We also
indicated the number of PubMed abstracts where comparisons
are made between the ERR properties and those of other
steroid receptors. There is a clear bias in favour of ER.

and estrogen receptor (ER) alpha, but not by ERbeta’’,(34)
‘‘The mouse estrogen receptor-related orphan receptor alpha
1: molecular cloning and estrogen responsiveness’’,(35)
‘‘Estrogen receptor-related receptors in the killifish Fundulus
heteroclitus: diversity, expression, and estrogen responsiveness’’.(36) This provides a striking example of a bias in the
experimental effort, created by the use of a name derived from
poorly resolved phylogeny.
Such a bias also occurred in the initial studies on the
nuclear receptor RXR. The name ‘‘retinoid X receptor’’
originally referred to its ability to bind vitamin A metabolites.(12)
It was therefore supposed that RXR would be involved in a new
retinoic acid (RA)-response pathway. Only recently, it was
found that retinoids are apparently not bona fide natural
ligand for RXR and that, in mouse brain, a fatty acid, the
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docosahexaenoic acid (DHA) seems to be an endogenous
RXR ligand.(37,38) But most of the papers studying RXR focus
on its supposed involvement in RA-response pathway, whereas its involvement in fatty acid metabolism and signalling is
much less studied, as shown in Table 2.
Another quite spectacular example is the case of the
Cellular Retinoic Acid Binding Protein (CRABP) which are
proteins implicated in retinoid signalling and related to FABP
(Fatty Acid Binding Proteins). Retinoids are well known in
vertebrates and their developmental role is well documented.
But no defined retinoids have been isolated in arthropods and
the existence of this signalling pathway in these organisms
awaits clarification. The discovery of a protein that was
supposed to be orthologous to vertebrate CRABP in the moth
Manduca sexta was thus of interest. This first protein
was cloned using a cDNA probe from a partial amino acid
sequence of prothoracicotropic hormone that was similar
to vertebrate retinoid-binding proteins. The newly isolated
protein was annotated as CRABP in Manduca sexta on the
basis of comparisons from percentage identities, without any
real phylogenetic analysis.(39) The authors also proposed
three-dimensional structures generated by homology-model
building that showed the presence of an RA-binding pocket in
the Manduca ‘‘CRABP’’. This protein was later used for the
phylogenetic analysis of a newly cloned putative CRABP in
the shrimp Metapeneaeus ensis.(40) The binding properties of
the newly identified protein were also checked and it was
concluded that the putative CRABP of Metapenaeus binds
both RA and retinol, but not fatty acids (in fact the only fatty
acid tested was parinaric acid). In 2005, a more exhaustive
phylogenetic analysis of the family was performed, indicating
that both sequences are members of the Fatty Acid Binding
Protein (FABP) subfamily, a different subfamily, even if related
to CRABP subfamily(41) (Fig. 4), showing that the genes
coding for these insect proteins are not orthologous to the

vertebrate CRABP. The binding abilities of Manduca sexta
‘‘CRABP’’ were also checked, showing that the Manduca
‘‘CRABP’’ has no significant affinity for RA and retinol,
whereas it efficiently binds oleic acid and elaidic acid, and
that the RA binding reported for Metapenaeus ensis seems
due to experimental artefact.(41) This example shows that an
excess of confidence in the result of an initial screen, together
with a too-rapid phylogenetic analysis, can lead to a distorted
experimental follow up. Moreover, the existence of the retinoid
signalling pathway in arthropods remains elusive.
Ironically, within the same family, it should also be
mentioned that a protein was annotated as CRABP in the
amphioxus, Branchiostoma floridae(42) on the basis of a
phylogeny using sequences from Manduca and Metapenaeus
that initially annotated CRABP as an outgroup (Fig. 4). A moredetailed phylogenetic analysis (our unpublished data) suggests that this protein is probably neither a CRABP nor a CRBP
but rather an IFAB (Intestinal Fatty Acid Binding Protein). This
should be taken into account in further studies of its binding
properties.
This example clearly shows that useful scientific papers
can contain nomenclature errors. Such is the case from recent
work on CRABP: the fact that the protein was not properly
annotated makes not the crystal structure less interesting,
even if the interpretation is different. It should be emphasized
that the problem of protein naming is not only a problem of bad
science, but that the use of functional naming is dangerous in
itself. Other authors have already raised similar reservations
and warnings on this subject (see for example Ref. 43 on
bacterial RecA).

Table 2. Experimental effort about RXR
Key word searched

Number of abstracts registered in
PubMed on January 3rd, 2007.

RXR Fatty acid(s)
RXR Glucocorticoids
RXR Retinoid(s)
RXR Steroids
RXR Thyroid hormones
RXR Vitamin D

197 (183)
25
1010 (1998)
362
176
315

The number of abstracts mentioning RXR with one of its putative ligand
is reported. Even if recent experimental data seems to indicate that RXR
is involved in fatty acid response, the number of abstracts mentioning
RXR and Fatty acids together is quite low, compare to other metabolites,
whereas the number of abstracts mentioning RXR and Retinoids is
about ten times higher.
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Figure 4. Influence of protein naming on phylogenetic
sampling. A: Owing to the fact that some arthropod proteins
were annotated as CRABP, Jackman et al. (Ref. 42) used them
as an outgroup to check the phylogenetic position of a newly
isolated amphioxus protein. B: Thus, Folli et al. (Ref. 41)
showed that those proteins actually belong to the FABP
subfamily, so these two proteins are not sufficient to indicate
the position of the amphioxus sequence within the whole
CRABP/CRBP/FABP family.
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In conclusion, we need to emphasize that protein names
with a functional significance are not neutral. They influence
experimenters, and lead to what could be named the street
light syndrome: as the joke goes, people tend to search for
lost keys under the light of a lamp post, because it is more
easy to search there than the actual place where the key
was lost! Similarly, biochemists who study a known protein in
a new species tend to check only if the protein has the
functional properties that they suppose it should have on the
basis of what is known about its function in other species,
and not on the basis of protein sequence phylogenetic
relationships.
One could wonder if such problems are also encountered
in large-scale analyses, such as DNA arrays or EST analysis,
where scientists have to rely on database annotations.
Particularly in these cases, the name is generally not taken
into account to infer protein functions. Orthology relationships
are inferred from automated phylogeny pipelines, or filtered
blast search results, and functional inferences are based upon
Gene Ontology,(44) where indications about the reliability
level of given information are indicated (for an example, see
Ref. 45).

How can we avoid bias?
Even though functional names are insufficient to describe the
real complexity of protein features, and can lead to experimental bias, manual correction of those errors represents a
bottleneck, given the huge amount of new data. Moreover,
powerful tools, such as Gene Ontology,(44) were developed
specifically to provide functional information about a given
protein, taking into account the reliability level of those data. So
in future, it would be better to avoid functional naming of
protein, in order to clearly distinguish between the name,
which should be a constant tag used to refer to the studied
object, and the description, which could evolve with the
growing knowledge, and should provide the detailed features
of the object. Such a distinction was already made between
signifiers (i.e. names referring to an object) and descriptors
(i.e. names referring to the known object properties), and
some solutions have been proposed to avoid this confusion.(46)
Basically, the proposal was to promote the use of gene names
that do no refer to any describing features, either because they
are only remotely connected to a mutation phenotype (for
example sonic hedgehog), or because they come from
languages other than English, and so have little signification
for the majority of the research community (for example
fushi tarazu). Generalising such a system could avoid many
experimental biases but, however, will be of limited use for
managing knowledge about big protein superfamilies. We
want to emphasize that naming through a descriptor may not
be problematic if the description method is universal and can
be applied to all proteins. We propose that phylogeny, which

is based on evolution, is an excellent tool to name genes with
both accuracy and flexibility.
Indeed, as in systematics, object naming in molecular
biology or in biochemistry has to manage structural knowledge. However, this is not enough. Molecular biology and
biochemistry are sciences dealing with biological entities and
phenomena; i.e. entities that vary through time and among
populations and that have evolutionary histories. Therefore
naming them according to phylogeny takes into account both
structure and history, as clades are sets based on shared
derived features. Biology has one general theory, evolution,
and it seems appropriate and useful for all its sub-disciplines to
take it into account.
Exhaustive phylogenetic analyses may also help to avoid
many biases, and datasets should take into account not only
the sister groups of the protein of interest, but also more distant
families.
Too often, proteins are still annotated with BLAST,(47) which
uses distance comparisons between sequences to make
similarity scores. This implies that the newly identified protein
is considered homologous to the most-similar protein available. The problem is that the first match is not necessarily the
orthologous protein. The global similarity may not even
indicate an orthology relationship. In multigenic families, one
protein could be homologous to two different paralogous
proteins in another species.(48) Fast-evolving proteins can also
artefactually display great similarity simply because of random
multiple substitutions at the same sites,(49,50) or because of
similar composition biases.(51) Thus, only a careful phylogenetic analysis, taking into account these risks, can provide
reliable information about the position of a new protein within
a family. When trying to group different entities under the
same name on the basis of their similarity, it is important
to distinguish whether this similarity is a result of common
ancestry of convergent evolution. Proteins are evolving
entities, and undergo modifications of their features as a
function of time, according to the diversification of the
organisms to which they belong. Thus, an important concept
is their evolutionary history, that is their relationships based on
descent with modification and the inferred transformation
events that they underwent.
Using phylogenetic taxonomy, the fact that some names do
not fit the actual characteristics of all group members, due to
functional shifts—at a biochemical or biological level—in
different organisms, will not be too problematic (see Ref. 52
for an example how to detect these functional shifts). For
example, the fact that snakes are tetrapods, even if
they secondarily lost their legs, will probably not puzzle any
zoologist, because ‘‘tetrapod’’ is an evolutionary concept. The
word ‘‘tetrapod’’ is not used in a descriptive, fixist or essentialist
meaning, but refers to the character states of the last common
ancestor of this vertebrate group. Thus, observing that snakes
have no limbs even if they are included within tetrapods
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(because they do have other tetrapod features) gives the
information that they secondarily lost their limbs. In the same
manner, a phylogenetic classification of proteins may help to
organise knowledge and to propose evolutionary hypotheses
in the field.
Conclusion
We have reviewed many examples showing that protein
names are not neutral and can lead to experimental
biases. Common names are problematic because protein
properties used in the past for creating concepts are
heterogeneous, and therefore vary among species. Only a
single conceptual framework for names can provide a selfconsistent classification that the biochemists, geneticists and
molecular biologists need. Further statistical studies could be
useful to evaluate the global importance of this phenomenon,
but it should be clear that protein names should no longer be
based on heterogeneous concepts that narrow the experimental research field. As in systematics, concepts of monophyly should drive the attribution of names, because proteins
are evolving entities.
To facilitate such applications we propose a number of
suggestions, summarized in Box 2. Clearly, they are only
starting points, not definitive methods, and a broad reflection
and effort on this nomenclature problem are required to
resolve it fully.
Note added in proof:
The ‘‘streetlight syndrome’’ should in fact be named the
‘‘moonlight syndrome’’, since it is already mentioned in a

Box 2. Preliminary suggestions to limit the nomenclature problems in protein taxonomy.
1. Official protein names should refer only to their
phylogenetic relationships; only proteins from orthologous genes should have the same name; when it is
not possible to make a detailed whole-family phylogenetic study, automated tools such as the curated
database of phylogenetic trees of animal gene
families, TreeFam53 or the whole phylogeny pipeline
http://www.Phylogene.fr should be used.
2. As for Gene Ontology, information about the
reliability level of the name (manual curation,
phylogeny pipeline, filtered BLAST search) should
be mentioned.
3. Organism-based nomenclature should be abandoned.
4. In public databases, the naming field should be
updated by database curators.
5. The naming effort should be supported by consequent funding.
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Middle East story about the mythic 13th century hero
Nasreddin Hodja.
One night Nasreddin Hodja lost his ring down in the
basement of his house, where it was very dark. Then he went
out on the street and started looking for it there, under a
splendid moonlight.
A friend passing by stopped and enquired:
- What are you looking for, Hodja? Have you lost something?
- Yes, I’ve lost my ring down in the basement.
- But Hodja, why don’t you look for it down in the basement
where you have lost it? asked the friend in surprise.
- Don’t be silly, man! I prefer to search where there is some
light!
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