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Abstract

Microbes were defined in the 19th century by L. Pasteur. Pro-
karyotes and eukaryotes, which are divided into two worlds
of microbes, wereintroduced by E. Chatton in 1925.R. Woese
divided this world into three domains based on ribosomal
analysis (Bacteria, Archaea, and Eukarya). The discovery of
Mimivirus and other Megavirales, that are microbes, led to
divide the microbiological world into four branches. | intro-
duced the name TRUC (Things Resisting Uncompleted Clas-
sifications) to accommodate the division in four of the cur-

rently known microbiological world. ©2013 S. Karger AG, Basel

In the scientific world, classifications have always been
made based on the tools available at a given time [1], and
of course this also applies to microbes. The emergence
of giant viruses, which have recently been tentatively
grouped under the name Megavirales [2, 3], raises the
question of their position in the microbial world and is at
the heart of heated debates. The history of the definition

of microbes began in 1878 when Pasteur, inspired by the
surgeon Sedillot’s proposal, coined the name ‘microbe’ to
refer to microscopic organisms [4]. This name has per-
sisted and conveys the fact that these agents are visible
under an optical microscope and able to multiply. Un-
questionably, from this point of view, giant viruses, in-
cluding Mimivirus, are microbes (fig. 1). As the rabies
and tobacco mosaic viruses happen to be invisible under
the microscope and can pass through ultrafilters, the
word ‘ultravirus’ was coined and degenerated into the
term ‘virus’ in the 20th century, kicking viruses out of the
world of microbes [4].

Subsequently, Chatton [5] divided the microbial world
into two parts: the eukaryotes, which have a nucleus, and
the prokaryotes, which have no nucleus. Subsequently,
three domains were identified: Bacteria, Archaea, and Eu-
karya. This third step followed up on the work of Woese
[6] who suggested a classification system based on the ri-
bosome, which led to the creation of the concept of do-
mains. It should be emphasized that this classification into
domains is primarily based on the ribosome [4]. However,
there are exceptions to this classification, as certain bacte-
ria, such as Planctomycetes [7], Chlamydiaceae, and Ver-
rucomicrobia, and some Archaea [8], have an internal
membrane with compartmentalization comparable to a
nucleus (fig. 1). Thus, the prokaryote/eukaryote definition
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Fig. 1. Exceptions to the eukaryote/prokaryote and virus/microbe
definitions. a TEM image of a Parachlamydia with an internal
membrane (Bacteria looking like eukaryotes; courtesy of Gilbert
Greub). b TEM image of a Verrucomicrobia with an internal mem-
brane (Bacteria looking like eukaryotes; courtesy of Grégory Du-

is not entirely congruent with the current domain-based
definition of microorganisms, as it includes, in ‘eukary-
otes’, microorganisms that are classified in other domains
by ribosomal analysis. Moreover, the current eukaryotes
have a late origin compared to bacteria because they con-
tain mitochondrial genes, which mostly originated from
a-proteobacteria [9, 10]. Moreover, the definition of eu-
karyotes based on the ribosome depends on the ribosome
selected. The classification based on the ribosome of the
chloroplasts of plants leads to a reclassification of plants
among the cyanobacteria [10]. Finally, in the genomic era,
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bourg). ¢ TEM image of an Archaea with an internal membrane
(like eukaryotes; courtesy of Saber Khelaifia). d Mimivirus, a
Gram-positive-stained microbe looking like Bacteria with an
amoeba (courtesy of Bernard La Scola).

it has become obvious that organisms are genetic chime-
ras rather than homogeneous and that the ‘“tree of life’ is
the tree of the 165 rDNA gene rather than that of the or-
ganisms [11, 12]. Therefore, a classification into three do-
mains based on the ribosome can in no way represent a
complete definition of microorganisms.

The arrival of Mimivirus in the field of microbiology
has not ceased to raise issues [13]. For a long time, this
virus was mistaken for a Gram-positive bacterium be-
cause of its size and its Gram staining properties, making
itlook like a small bacterium [2] (fig. 1). Only the negativ-
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Fig. 2. Hierarchical clustering of Eukarya
(blue), Bacteria (purple), Archaea (green),
and NCLDVs (red) by phyletic pattern.
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ity of tests performed with the 16S rDNA ‘universal’ am-
plification tool led to the consideration that it was some-
thing else [14]. This finding was parallel to the discovery
of a core set of genes common to large DNA viruses [15].
Finally, the subsequent stages of discoveries revealed that
these large viruses had a common core set of genes, high-
lighting a common phylogenetic origin [16], associated
with a specific genomic content, distinguishing them
from the already defined three domains of life. Indeed,
based on the banks of orthologous genes encoding infor-
mation, we are able to cluster four groups of microbes: (i)
Megavirales, (ii) Eukarya, (iii) Bacteria, and (iv) Archaea
[3, 17]. Moreover, the analysis of certain genes, such as
RNA polymerase B, and more generally [18] the analysis
of the proteomes of large viruses, led to clustering them
and highlighted an ancestral origin of some genes at the
same level as that of the three domains defined by ribo-
somal analysis [19, 20]. When we merged the COG data
banks (Cluster of Orthologous Genes) from viruses with
that of Archaea, Bacteria, and Eukarya retaining informa-
tional genes, we observed that the four groups clustered
independently (fig. 2) [17]. In addition, as in all microor-
ganisms, the Megavirales contain genes imported from
their hosts or from their neighbors when they infect a
multi-infected cell, such as a phagocytic protist [21]. Fi-
nally, they have their own mobilome, including parasite
viruses, the virophages [22], and the equivalent of trans-
posons, the transpovirons [23]. Thus, as is the case for
Bacteria and Archaea, they present a core genome, a mobi-
lome, and imported sequences. The proportion of im-
ported sequences is, as it happens, poor [24]. Most genes
found in viruses are considered orphan genes [25].

The existence of these viruses is irreducible; it is a bio-
logical fact, and facts are ‘stubborn’. We need to reflect on
their position in the new world of microbiology. When
comparing their genome content to that of microbes of
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