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SUMMARY

A short report is devoted to the radical changes in the taxonomy of viruses. The metagenomic sequencing has revealed the presence of a vast variety of viruses in
diverse environmental samples without any connections with banal parasitism, infectivity, or pathogenicity. The understanding of viruses has expanded beyond the
original parasitic—pathogen model, and now virologists recognize the role of viruses in host regulation and the maintenance of natural ecosystems. Co-evolution of
the viral and cellular genomes includes mutual horizontal gene transfer and joint development of new biological functions, such as the mechanism of phylogenesis
and phylodynamics of coactants. The concepts of the origin of viruses and their relation to the Universal Tree of Life are formulated. In this regard, the International
Committee on the Taxonomy of Viruses (ICTV) changed the previous Code of their classification hierarchy from five ranks to a fifteen-rank one, that emulates a Linnaean
framework and accommodates the entire spectrum of genetic divergence in the virosphere. Changes in the rank hierarchy are based on the evolution of the recognition
of virus taxa over time, from a traditional phenotype-based characterization process to a multistage process that includes comparative sequence analyses of conserved
genes and proteins, including gene phylogeny, gene synteny and shared gene content. The ICTV, that oversees the official classification of viruses and nomenclature
of taxa, accepts possible non-hierarchical classifications of viruses beyond taxonomic attribution. The above provisions are illustrated with schemes of chimeric
polyphyletic origin of viruses and a new rank structure; the table gives examples of the modern classification of viruses that cause some socially significant infections.
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PE3IOME

Kpatkoe coobiLeHue NocBALIeHO paavKanbHbIM U3MEHEHUAM B TAKCOHOMUM BUPYCOB. C MOMOLLbI0 METareHOMHOT0 aHasu3a yCTaHOBEHO CYLLeCTBOBaHMe
OrpOMHOT0 K0AIMyecTBa pa3Ho06pa3HbIX BUPYCOB B OKpyXKaloLLieli cpefie BO BCeX cdepax u3Hu 6e3 Kakux-nmbo ceaA3eil ¢ TPUBUANbHIMU NapasUTU3MOM, UH-
DEKLMOHHOCTbH, MATOTeHHOCTBHO. [TpeficTaBNeH e 0 BUPYCaX BbILLO 3a paMKIM NepBOHAYANbHOIA MOAENHN Napa3uTUyecKiX NaToreHoB ¢ MPU3HaHMEM UX PO
B 610N0rMN X03AMHA 1 MO IEPXaHN €CTECTBEHHBIX 3KOCUCTEM. K0IBOMIOLA BUPYCHOTO M KNETOUHOTO FeHOMOB BKITIOYAET B3aUMHbIii FOPU30HTallbHbIil epeHoC
TeHOB 11 COBMECTHOE CO3aHIe HOBbIX B10N0rnueckx GYHKLMIA Kak MexaHn3m ¢unorexesa u GunoAnMHaMIKu CoakTaHToB. (hopmynupoBaHbl NpefcTaBne-
HUA 0 MPOMCXOXEHUN BUPYCOB W UX OTHOLUEHUN Ko BceobLuemy [ipesy Mushu. B cBasn ¢ sTum MexayHapoaHblii KOMUTET N0 TaKCOHOMIM BIAPYCOB U3MEHWA
NPEXHMiA KOf UX KNaccudnKaLMOHHOI nepapxmy 13 NATU PaHroB Ha NATHAALATUPAHTOBDIiA, TECHO COMMACYIOLLNIACA € COBPEMEHHOIA IMHHEeBCKON TaKCOHOMMell
11 BMELLAIOLLViA B CUCTEMY OPraHNuecKkoro M1pa Becb CeKTp reHeTUYeckoro MHoroo6pasus BUpocdepbl. /3meHeHua B paHroBoii uepapxui TakcoHoB 6asupytotca
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Ha nporpecce 0T TPANLIMOHHOIA CerperaLinu BUPYCOB Ha 0CHOBE GeHOTUMA 0 MHOTOCTYNEHYAToro NPOoLLecca, BKIIYAIoLLEro CpaBHUTENbHbIE XapaKTepUCTUKM
nocnef0BaTeNbHOCTEN KOHCEPBATUBHBIX FEHOB U GENKOB, UNOTeHUI0 TeHOB, UX CHTE3, 0bLLee cofepanuie. MexayHapoAHblit KOMUTET N0 TaKCOHOMUM BUPYCOB,
0CYLLeCTBAAIOLLNIA HAA30p 32 0dULMANbHOI KnaccuduKaLeil BUPYCOB 1 HOMEHKNATYPOil TAKCOHOB, AOMYCKAET BO3MOXHbIE Herepapxiyeckue Knaccudukaumm
BUPYCOB BHE TaKCOHOMUUECKOIi KomneTeHLyu. [pUBeeHHble NONOXKeHNA UNIOCTPUPOBAHbI CXEMaMI1 XMEPHOTO NONMUNETUYECKOT0 NPOMCXOXKAEHUA BUPYCOB
11 HOBOA PaHroBoii CTPYKTYPbI, B Tab/uLie AaHbl NpUMepbl COBPEMEHHOI KNaccuduKaLmy BUpYCoB — Bo30yauTeNell HEKOTOPbIX COLMANbHO 3HAUNMBIX MHOEKLMIA.
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Viruses in the biosphere are ubiquitous and as obligate
intracellular parasites infect organisms of all biological
species, including giant viruses. Therefore, they are prob-
ably the most abundant organism on the planet, forming
a specific community of living matter of an independent
type, defined as the virosphere. Based on this, the original
principle of dividing biological entities into two groups of
organisms is defined: ribosomal organisms, which include
eukaryotes, archaea, and bacteria, and capsid organisms,
which include viruses. For other self-replicating structures,
the term ‘orphan replicons’ has been proposed (plasmids
and viroids) [1, 2].

Up to some moment, science and practice were focused
mainly on the negative effects of viral existence, based on
the definition given by Andre Lwoff (1957) when formu-
lating the concept of viruses as «strictly intracellular and
potentially pathogenic entities, with an infectious phase,
and possessing only one type of nucleic acid, multiplying
in the form of their genetic material, unable to grow and
to undergo binary fission and devoid of a “Lipmann sys-
tem” (i.e. a system of enzymes for the production of en-
ergy)» [3]. In the modern view, virus is a capsid-encoding
organism that is composed of proteins and nucleic acids,
self-assembles in a nucleocapsid and uses a ribosome-
encoding organism for the completion of its life cycle [4, 5].

Recent virological studies of the biosphere, their funda-
mental and applied results have become a new impetus
for the development of virology as a science of a peculiar
form of life, living matter at one of the initial stages of its
origin and evolution, previously united into a separate
kingdom of Vira. Hundreds of thousands of predominant-
ly unknown giant deoxyriboviruses forming the marine
viral metagenome (or virome), mainly of Prochlorococcus
bacteria — the main element of photosynthesis on Earth,
suggested a different role of viruses in the biosphere, in
the planetary cycle of genes, matter, energy, in the econo-
my of nature in general. They are responsible for the extra-
ordinary abundance of living creatures in an important, if
not the most important part of the planet — the World
Ocean, the primary source of living matter. Under these
conditions, detritus, the products of viral-induced lysis of
plankton single-celled organisms, provides more than a

third of organic resources in aquatic ecosystems; a bypass,
simplifying and accelerating vital processes viral shunt is
formed, giving a total annual yield of about 0.5 gigatons of
carbon [6]. Herewith, the density of the viral populationin
the surface layers of the ocean is apparently estimated in
hundreds of millions of viral particles per liter of water [7].

The data obtained during the study of new elements
of virology allowed us to suggest a hypothesis regarding
the role of virogenesis in the development of cellular life
forms. The structure and biochemistry of the newly discov-
ered largest mimiviruses have much in common with the
eukaryote nucleus and suggest possible viral eukaryogen-
esis by analogy with the vector of endosymbiotic origin of
other important cellular organelles, in particular marine
free-living alphaproteobacteria — mitochondria, cyano-
bacteria — chloroplasts of fungi and plants [4, 8].

However, conceptually, the attribution of viruses to the
living world is still questioned by many, and living cells,
de facto hosts in viral parasitic systems, are considered
to be a kind of reaction medium for the metabolic reali-
zation of alien genetic information. In particular, one of
the founders of Russian virology, Academician V. M. Zhda-
nov (1914-1987), denied the existence of viruses on the
population level, giving the preference exclusively to
biosynthetic aspects in research. The strict separation be-
tween living and non-living beings puts viruses far from
the Universal Tree of Life and, in fact, excludes them from
the modern system of the organic world, although objec-
tively they play an important role in evolution - the force
that drives the development of all life on Earth.

Advances in genomic sequencing and comparative
genomics over the past decade have made it possible to
elucidate many elements of the evolutionary relationships
between organisms at the subcellular and cellular levels.
The metagenomic sequencing has revealed the presence
of a vast variety of viruses in diverse environmental from
apparently healthy environment samples without any
connections with banal parasitism, infectivity, and patho-
genicity.

The understanding of viruses has expanded beyond
the original parasitic-pathogen model, and now virolo-
gists recognize the role of viruses in host regulation and

VETERINARY SCIENCE TODAY. 2021; 10 (4): 266—270 | BETEPUHAPUA CETOZHA. 2021; 10 (4): 266-270

267



plasmids

BACTERIA ARCHAEA EUKARYOTA

transposons

ancient MGEs

LUCA

Fig. 1. A simple tree diagram showing the chimeric origin of viruses
from pre-LUCA replication genes and post-LUCA structural genes.
Ancient MGE ancestors replace ancient cells, reflecting the origin of
virus replication genes from MGEs. The evolution of modern plasmids
and transposons from ancient MGEs is also depicted [10]
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the maintenance of natural ecosystems [9]. In particular,
co-evolution of the viral and cellular genomes includes
mutual horizontal gene transfer and joint development
of new biological functions, such as existent and widely
“used” mechanism of phylogenesis and phylodynamics of
coactants. From the tiny circoviruses, 12-27 nm in size,
harboring only two genes replicated and transcribed by
cellular enzymes having one structural protein to novel
giant deoxyriboviruses 400—-800 nm in size, containing
1,200 b.p. genome, which encodes more than 900 poly-
peptides; viruses and their host cells are ecologically and
evolutionarily intertwined [10].

The following diagram defining the origin of viruses
and their relation to the Universal Tree of Life can serve as
a kind of summarizing evidence (Fig. 1).

Virus taxonomy emerged as a discipline in the middle
of the twentieth century. Traditionally, classification by
virus taxonomists has been focused on the grouping of
evidently closely related viruses. The earliest version, the
nomenclature of viruses often connected to their ‘micro-
evolution’ and recognizing only genera and families, has
developed over time into a five-rank hierarchy of species,

Five-rank structure
(1991-2017)

<« Species (irregular)
Subgenus (...virus)

< Genus (...virus)

<« Subfamily (...virinae)

<« Family (...viridae)
Suborder (...virineae)

< Order (...virales)
Subclass (...viricetidae)
Class (...viricetes)
Subphylum (...viricotina)
Phylum (...viricota)
Subkingdom (... virites)
Kingdom (...virag)
Subrealm (...vira)

Realm (...viria)

Rank (...suffix)
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genus, subfamily, family and order based on Linnaean sys-
tem of classification, which remained in place until 2017.
However, today taxonomy as a branch science in biology,
studying the principles, methods and rules of organism
classification, is one of the developing areas, deploying
more and more novel methods of mathematical statis-
tics and computational biology, computer analysis, DNA
and RNA comparative analysis, analysis of cell ultrastruc-
ture and many other possibilities [11].

In this regard during the past few years, the Interna-
tional Committee on Taxonomy of Viruses (ICTV) has rec-
ognized that the taxonomy it develops can be usefully
extended to include the basal evolutionary relationships
among distantly related viruses. Consequently, the ICTV
has changed its 5-rank code to allow a 15-rank classifica-
tion hierarchy that closely aligns with the Linnaean taxo-
nomic system and may accommodate the entire spectrum
of genetic divergence in the virosphere (Fig. 2) [12].

The novel structure includes eight principal (or prima-
ry) ranks and seven derivative (or secondary) ranks. The
eight principal ranks include four that were already in
use (species, genus, family, and order), and four that are
new (class, phylum, kingdom, realm). Six new ranks are
derivatives of most of the remaining principal ranks. This
nomenclature of principal and derivative ranks includes
defined suffixes for taxa, follow those used in the Lin-
naean system.

Changes in the rank hierarchy are based on the evolu-
tion of the recognition of virus taxa over time, from a tra-
ditional phenotype-based characterization process to a
multistage process that includes comparative sequence
analyses of conserved genes and proteins, including gene
phylogeny, gene synteny, shared gene content and other
molecular features [12]. To illustrate the adopted changes,
the table shows the hierarchical position of some current
viruses.

As follows from the above examples, the divergence
of viruses progressively increases within the hierarchi-
cal cluster from the basal (realm) to the apical (species)
rank (compare representatives of the Riboviria realm).
Not all derivative ranks are fully populated by the

15-rank structure Taxa
(2019)
> Many
A
->
->
>
>
->
>
->
>
->
>
->
>
-> Y
> Few

Fig. 2. The previous and the new taxonomic ranks and the number of taxa (shown in white font on the 15-rank structure).
Black arrows mean ranks common to both structures; pink arrows denote ranks introduced in the 15-rank structure [12]
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viruses (compare African swine fever, avian influenza
and SARS-CoV-2 viruses). There are many unresolved is-
sues due to the insufficient characteristics of macroevo-
lutionary ranking of individual viruses, so their taxonomy,
as well as in the whole organic world, is a dynamic and
continuous process.

In particular, the family Asfarviridae is assigned to the
order Asfuvirales of the Pokkesviricetes class and ranks
higher (see Table). However, in addition to the official
nomenclature the inclusion of the family of the unique
African swine fever virus in the assumed order Megavirales,
composed of members of a monophyletic, but heteroge-
neous lineage of large nuclear-cytoplasmic deoxyribo-
viruses, formerly called giruses, which also included the
poxviruses, iridoviruses, phycodnaviruses, mimiviruses
and other members of similar families, is still discussed [1].
With the constant discovery of new giant viruses (pandoro-
viruses, faustoviruses, molliviruses, etc.), this group is like-
ly to increase in the near future and the taxonomy of its
members remains debatable [13].

The International Committee on the Taxonomy of Vi-
ruses is a committee of the Virology Division of the Inter-
national Union of Microbiological Societies (IUMS), which
supervises the official classification of viruses and the
nomenclature of taxa. Since ICTV is a voluntary, largely

Table
Current classification of the viruses causing some infections of social importance in the 15-rank taxonomic hierarchy [12]

self-regulating and non-profit global organization, it al-
lows, in addition to the official taxonomy, possible clas-
sifications of viruses outside the taxonomic competence
of the ICTV.

For example, a non-hierarchical classification of vi-
ruses by D. Baltimore groups viruses into just seven
classes according to their genome type, and the way
their genetic information is realized, is generally recog-
nized and widely used. The classification takes into
consideration whether the DNA viruses contain double-
stranded or single-stranded genome or replicate through
single-stranded RNA; and RNA viruses containing positive
or negative double or single-stranded genome or whether
they replicate by reverse transcription [14]. For practical
epidemiology, the real phylodynamic systematics of vi-
ruses based on parasite systems and other biological
system approaches with distribution into such ecological
categories as reservoirs, amplifiers, sources of infection,
transmission is certainly important. Among other existing
and possible non-hierarchical classifications, systematiza-
tion techniques based on models of viral morphogene-
sis and morphology would be extremely interesting and
useful, where the nature and mechanisms of formation of
icosahedral capsid structures have practical significance
from the point of view of virus resistance outside the body.

Viruses

Ranks
a
Species | African swine fever virus | Bovine leukemiavirus™ | Influenza A virus™ Rabies lyssavirus™ Fo(;t'-and-m'outh- severe acute espiatory
isease virus syndrome-related coronavirus
Subgenus - - - - - Sarbecovirus
Genus Asfivirus Deltaretrovirus Alphainfluenzavirus Lyssavirus Aphthovirus Betacoronavirus
Subfamily - - - - - Orthocoronavirinae
Family Asfarviridae Retroviridae Orthomyxoviridae Rhabdoviridae Picornaviridae Coronaviridae
Suborder - - - - - Cornidovirineae
Order Asfuvirales Ortervirales Articulavirales Mononegavirales Picornavirales Nidovirales
Subclass - - - - - -
(lass Pokkesviricetes Revtraviricetes Insthoviricetes Monjiviricetes Pisoniviricetes Pisoniviricetes
Subphylum - - Polyploviricotina Haploviricotina - -
Phylum Nucleocytoviricota Artverviricota Negarnaviricota Negarnaviricota Pisuviricota Pisuviricota
Subkingdom - - - - - -
Kingdom Bamfordvirae Pararnavirae Orthornavirae Orthornavirae Orthornavirae Orthornavirae
Subrealm - - - - - -
Realm Varidnaviria Riboviria Riboviria Riboviria Riboviria Riboviria

* synonyms Bovine leucosis virus, Bovine type C oncovirus;
**serotype Influenza A virus subtype H5NT;

*** members Rabies virus, Arctic rabies virus;

F¥¥¥ no rank SARS-CoV-2.
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