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PREFACE AND ACKNOWLEDGMENTS

Virus taxonomy is a polarizing subject when it comes up in hallway conversations. Some
virologists tune out immediately, others tune in. In the end, after the skeptics walk off,
down the hallway, the intensity of the conversation usually increases, because if there is one
truism about virus taxonomy it is that it brings out among virologists “strongly held
opinions” (a euphemism for “polite arguments”). The point is that virus taxonomy is based
upon opinion rather than data, or better, it is based upon the opinionated usage of data.
Since one opinion is usually as valid as the next, chaos can reign, but starting in 1966, chaos
started to give way to order as the International Committee on Nomenclature of Viruses,
later changed to the International Committee on Taxonomy of Viruses (ICTV), set out to
provide a single universal system for the classification and nomenclature of all viruses. The
system has been based upon true international consensus building, and true pragmatism —
and it has been successful. The work of the Committee has been published in a series of
reports, the Reports of the International Committee on Taxonomy of Viruses, The Classification and
Nomenclature of Viruses. These Reports have become part of the history and infrastructure of

modern virology:

ICTV Report Editors Reporting ICTV Proceedings at the
International Congresses
of Virology held in

The First Report, 1971 P. Wildy Helsinki, 1968

The Second Report, 1976  F. Fenner Budapest, 1971 and Madrid, 1975

The Third Report, 1979 R. E. F. Mathews The Hague, 1978

The Fourth Report, 1982 R. E. F. Mathews Strasbourg, 1981

The Fifth Report, 1991 R.1. B. Francki, C. M. Fauquet,  Sendai, 1984, Edmonton, 1987

D. L. Knudson, F. Brown and Berlin, 1990

This Report, the Sixth Report of the ICTV, adds to the accumulated taxonomic construction
“in progress” since 1966. It records the proceedings of the Committee since 1990 and
includes decisions reached at mid-term meetings in 1991 and 1992 and at the Ninth
International Congress of Virology held in Glasgow in August of 1993.

The work of the Committee is far from complete — in fact, it would seem that as virus
research continues to grow in breadth and depth and discoveries of the nature and diversity
of the viruses become more and more amazing, the naive goal of a “complete” taxonomy
recedes into the distance. Virus taxonomy is a dynamic enterprise — to remain useful, it
must continue to draw upon the wisdom and efforts of many virologists around the world,
virologists representing all of the specialty disciplines that make up virology, overall. In
this regard, this Report represents the work of about 400 virologists, the members of the
Study Groups, Subcommittees and the Executive Committee of the ICTV for the term 1990-
1993. The compilers of the Report wish to express their gratitude to all these virologists. We
also wish to acknowledge, belatedly, the financial contribution of the Mayne Bequest Fund,
the University of Queensland.

We also wish to express our gratitude to Ella Blanc, dedicated secretary to Dr. Claude M.
Fauquet, and especially to Usha Padidam, responsible for the typing, formatting and layout

of the VIth ICTV Report.

for the Committee

Frederick A. Murphy
President of the International Committee on Taxonomy of Viruses
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PART I: INTRODUCTION TO THE UNIVERSAL SYSTEM OF VIRUS TAXONOMY

Tue History oF ViRus TAXONOMY

The earliest experiments involving viruses were designed to separate them from microbes
that could be seen in the light microscope and that usually could be cultivated on rather
simple media. In the experiments that led to the first discoveries of viruses, by Beijerinck
and Ivanovski (tobacco mosaic virus), Loeffler and Frosch (foot-and-mouth disease virus),
and Reed and Carroll (yellow fever virus) at the turn of the century, one single physico-
chemical characteristic was measured, that being their small size as assessed by filterability
(Waterson and Wilkinson, 1978). No other physicochemical measurements were made at
that time, and most studies of viruses centered on their ability to cause infections and
diseases. The earliest efforts to classify viruses, therefore, were based upon perceived
common pathogenic properties, common organ tropisms, and common ecological and
transmission characteristics. For example, viruses that share the pathogenic property of
causing hepatitis (e.g., hepatitis A virus, hepatitis B virus, hepatitis C virus, yellow fever
virus, and Rift Valley fever virus) would have been brought together as “the hepatitis
viruses,” and plant viruses causing mosaics (e.g., cauliflower mosaic virus, ryegrass mosaic
virus, brome mosaic virus, alfalfa mosaic virus, and tobacco mosaic virus) would have been
brought together as “the mosaic viruses.”

Although the first studies of viruses were begun at the turn of the century, it was not until
the 1930s that evidence of the structure and composition of virions started to emerge. This
prompted Bawden (1941, 1950) to propose for the first time that viruses be grouped on the
basis of shared virion properties. Among the first taxonomic groups constructed on this
basis were the herpesvirus group (Andrewes, 1954), the myxovirus group (Andrewes, Bang
and Burnet, 1955), the poxvirus group (Fenner and Burnet, 1957), and several groups of
plant viruses with rod-shaped or filamentous virions (Brandes and Wetter, 1959). In the
1950s and 1960s, there was an explosion in the discovery of new viruses. Prompted by a
rapidly growing mass of data, several individuals and committees independently advanced
classification schemes. The result was confusion over competing, conflicting schemes, and
for the first but not the last time it became clear that virus classification and nomenclature
are topics that give rise to very strongly held opinions.

THE INTERNATIONAL COMMITTEE ON TAXONOMY OF VIRUSES (ICTV)

Against this background, in 1966 the International Committee on Nomenclature of Viruses
(ICNV)! was established at the International Congress of Microbiology in Moscow. At that
time, virologists already sensed a need for a single, universal taxonomic scheme. There was
little dispute that the hundreds of viruses being isolated from humans, animals, plants,
invertebrates, and bacteria, should be classified in a single system, and that this system
should separate the viruses from all other biological entities. Nevertheless, there was much
dispute over the taxonomic system to be used. Lwoff, Horne and Tournier (1962) argued for
the adoption of an all-embracing scheme for the classification of viruses into subphyla,
classes, orders, suborders, and families. Descending hierarchical divisions were to be
based, arbitrarily and monothetically, upon nucleicacid type, capsid symmetry, presence or
absence of an envelope, etc. Opposition to this scheme was based upon its arbitrariness in
deciding the relative importance of virion characteristics to be used and upon the argument
that not enough was known about the characteristics of most viruses to warrant an elaborate
hierarchy. An alternative proposal was set forth in 1966 by Gibbs et al. (1966); in this system,
divisions were based upon multiple criteria (polythetic criteria). The system was illustrated
by the use of “cryptograms” (coded notations of eight virus characters). These early efforts
succeeded well in stimulating interest in the development of the universal taxonomy system
that evolved in the 1970s and has been built upon ever since (Wildy, 1971; Matthews, 1983).

! The International Committee on Nomenclature of Viruses (ICNV) became the International Committee on
Taxonomy of Viruses (ICTV) in 1973. Today, the ICTV operates under the auspices of the Virology Division of

the International Union of Microbiological Societies. The ICTV has six Subcommittees, 45 Study Groups, and
over 400 participating virologists.
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In the universal scheme developed by the ICTV, virion characteristics are considered and
weighted as criteria for making divisions into families, in some cases subfamilies, and
genera (until recently, the scheme did not use any hierarchical level higher than that of
family, but now one order, the order Mononegavirales, has been approved). In each case, the
relative hierarchy and weight assigned to each characteristic used in defining taxa is set
arbitrarily and is still influenced by prejudgments of relationships that “we would like to
believe (from an evolutionary standpoint), but are unable to prove” (Fenner, 1974). As the
species taxon has been developed in the 1990s, it has become clearer that families and genera
might best be defined monothetically (or by just a few characters), but species are better
defined polythetically (Van Regenmortel, 1990).

At its meeting in Mexico City in 1970, the ICTV approved the first two families and 24
floating genera (Wildy, 1971; Matthews, 1983). At that time, 16 plant virus groups were also
designated (Harrison, et al., 1966). Since then, the ICTV has published five Reports entitled
The Classification and Nomenclature of Viruses (Wildy, 1971; Fenner, 1976; Matthews, 1979;
Matthews, 1982; Francki et al., 1991). Additionally, the Study groups of the ICTV published
over the years detailed descriptions of the characteristics of the member viruses of many
taxa (e.g., Melnick et al., 1974; Pfau et al., 1974; Dowdle et al., 1975; Cooper et al., 1978;
Kingsbury et al., 1978; Porterfield et al., 1978; Brown et al., 1979; Schaffer et al., 1980; Bishop
et al., 1980; Roizman et al., 1982, 1992; Kiley et al., 1982; Wigand et al., 1982; Gust et al., 1983;
Siddell et al., 1983; Siegl et al., 1985; Westaway et al., 1985; Gust et al., 1986; Brown, 1986).
This, the Sixth Report of the ICTV, records a universal taxonomy scheme comprising one
order, 71 families, 9 subfamilies, and 164 genera, including 24 floating genera, and more
than 3,600 virus species. The system still contains hundreds of unassigned viruses, largely
because of a lack of data.

THE UNIVERSAL SYSTEM OF VIRUS TAXONOMY

Today, there is a sense that a significant fraction of all existing viruses of humans, domestic
animals and economically important plants have already been isolated and entered into the
taxonomic system. This sense is based upon the infrequency in recent years of discoveries
of viruses that do not fit into present taxa. Of course, this sense does not extend to the
viruses infecting the myriad of other species populating the Earth. This present sense of the
diversity of the viruses, however imperfect, does point once again to the need for a
universal, usable taxonomic system — a system to keep track of the large numbers of
different viruses being isolated and studied throughout the world, a system to tie viral
characteristics to virus names. The present universal system of virus taxonomy is useful
and usable. It is set arbitrarily at hierarchical levels of order, family, subfamily, genus, and
species. Lower hierarchical levels, such as subspecies, strain, variant, etc., are established by
international specialty groups and by culture collections.

VIrRuUS ORDERS

Virus orders represent groupings of families of viruses that share common characteristics
and are distinct from other orders and families. Virus orders are designated by names with
the suffix -virales. To date, one order has been approved by the ICTV, the order
Mononegavirales, comprising the families Paramyxoviridae, Rhabdoviridae and Filoviridae. It is
ICTV’s intention to move slowly in the approval of orders, limiting use to those instances
where there is good evidence of phylogenetic relationship among the viruses of member
families.

VIRUS FAMILIES AND SUBFAMILIES

Virus families represent groupings of genera of viruses that share common characteristics
and are distinct from the member viruses of other families. Virus families are designated by
names with the suffix -viridae. Despite concerns about the arbitrariness of early criteria for
creating these taxa, most of the original families have stood the test of time and are still
intact. This level in the taxonomic hierarchy now seems stable, and, indeed, is the bench-
mark of the entire universal taxonomy system. Most of the families of viruses have distinct
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virion morphology, genome structure, and/or strategies of replication, indicating phyloge-
netic independence or great phylogenetic separation. At the same time, the virus family is
being recognized as a taxon uniting viruses with a common, even if distant phylogeny. In
four families, namely the families Poxviridae, Herpesviridae, Parvoviridae, and Paramyxoviridae,
subfamilies have been introduced to allow for a more complex hierarchy of taxa, in keeping
with the apparent intrinsic complexity of the relationships among member viruses. Sub-
families are designated by terms with the suffix -virinae.

Virus GENERA

Virus genera represent groupings of species of viruses that share common characteristics
and are distinct from the member viruses of other genera. Virus genera are designated by
terms with the suffix -virus. This level in the hierarchy of taxa also seems stable and in many
cases may be considered a benchmark for setting definitions of other taxa, especially
species. The criteria used for creating genera differ from family to family. As more viruses
are discovered and studied, there is pressure in many families to use smaller and smaller
genetic, structural or other differences to create new genera. Since evidence of common
phylogeny has entered the definition of many families, it is logical that even more such
evidence will become the basis for defining genera. In fact, it might be said that in the future
genera will not stand where evidence is obtained of distinct phylogenies among member
species.

VIRUS SPECIES

The species taxon has always been regarded as the most important hierarchical level in
classification, but with the viruses it has proved to be the most difficult to deal with. After
years of controversy, in 1991, the ICTV accepted the definition of a virus species proposed
by van Regenmortel (1990), as follows: “A virus species is defined as a polythetic class of viruses
that constitutes a replicating lineage and occupies a particular ecological niche.” Members of a
polythetic class are defined by more than one property and no single property is essential or
necessary. One major advantage in this definition is that it can accommodate the inherent
variability of viruses and it does not depend on the existence of a single unique characteris-
tic. Similarly, it can accommodate the different traditions of virologists working in different
areas of virology, in some cases accommodating “the lumpers” and in others “the splitters.”

The ICTV Study Groups are now determining the specific properties to be used to define
species in the taxon for which they are responsible. It seems clear that the species term will
eventually be defined somewhat similarly to the term virus — although in some cases the
term virus matches best with subspecies, strain or even variant. Just as the term virus is
defined differently in different virus families, so, species will be defined differently, in some
cases with emphasis on genome properties, and in others on structural, physicochemical or
serological properties. Some viruses have already been designated as species, for example:
Sindbis virus, Newcastle disease virus, poliovirus 1, vaccinia virus, Fiji disease virus,
tomato spotted wilt virus. These examples, however, do not reflect the difficulty that is
being encountered in deciding whether a particular virus should be designated as a species
or as a subspecies or strain or variant.

VIRUS NOMENCLATURE

UsAGE oF FormAL TaxoNoMIC NOMENCLATURE

In formal taxonomic usage, the first letters of virus family, subfamily, and genus names are
capitalized and the terms are printed in italics (underlined when typewritten). Species
designations are not capitalized (unless they are derived from a place name or a host family
or genus name), nor are they italicized. In formal usage, the name of the taxon should
precede the term for the taxonomic unit; for example: ...”the family Paramyxoviridae” ...”the
genus Morbillivirus.” Furthermore, it was decided years ago that virus nomenclature would
not involve the use of latinized binomial terms. For example, terms such as Flavivirus
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fabricis, Orthopoxvirus variolae and Herpesvirus varicellae, which were used at one time, have
been abandoned. The following represent examples of full formal taxonomic terminology:

1. Family Poxviridae, subfamily Chordopoxvirinae, genus Orthopoxvirus, vaccinia virus.
Family Herpesviridae, subfamily Alphaherpesvirinae, genus Simplexvirus,
human herpes virus 2 (herpes simplex virus 2).

Family Picornaviridae, genus Enterovirus, poliovirus 1.

Order Mononegavirales, Family Rhabdoviridae, genus Lyssavirus, rabies virus.
Family Bunyaviridae, genus Tospovirus, tomato spotted wilt virus.

Family Bromoviridae, genus Bromovirus, brome mosaic virus.

Genus Sobemovirus, Southern bean mosaic virus.

Family Totiviridae, genus Totivirus, Saccharomyces cerevisiae virus L-A.

Family Tectiviridae, genus Tectivirus, enterobacteria phage PRD1.

0. Family Plasmaviridae, genus Plasmavirus, Acholeplasma phage L2.

N

200N U W

VERNACULAR USAGE OF VIRUS NOMENCLATURE

In informal vernacular usage, virus family, subfamily, genus and species names are written
in lower case Roman script; they are not capitalized, nor are they printed in italics or
underlined. In informal usage, the name of the taxon should not include the formal suffix,
and the name of the taxon should follow the term for the taxonomic unit; for example, ...”the
picornavirus family” ...”the enterovirus genus.”

The use of vernacular terms for virus taxonomic units and virus names should not lead to
unnecessary ambiguity or loss of precision in virus identification. The formal family,
subfamily, and genus terms and standard ICTV vernacular species terms, rather than any
synonyms or transliterations, should be used as the basis for choosing vernacular terms.

One particular source of ambiguity in vernacular nomenclature lies in the common use of
the same root terms in formal family and genus names. Imprecision stems from not being
able to easily identify in vernacular usage which hierarchical level is being cited. For
example, the vernacular name “paramyxovirus” might refer to the family Paramyxoviridae,
the genus Paramyxovirus, or one of the species in the genus Paramyxovirus, such as one of the
human parainfluenza viruses. Some virologists have suggested that this problem be solved
by renaming taxa so that the same root term is never used at multiple hierarchical levels;
however, there is no consensus for this, in fact, as plant virus taxonomy switches away from
groups and toward families and genera, this problem will be exacerbated. The solution in
vernacular usage is to avoid “jumping” hierarchical levels and to add taxon identification
wherever needed. For example, when citing the taxonomic placement of human parainflu-
enza virus 1, the term “paramyxovirus” should refer firstly to the genus, not the subfamily
or family, and taxon identification should always be added: “human parainfluenza virus 1
is a member of the paramyxovirus genus,” rather than “ human parainfluenza virus 1is a
paramyxovirus.” Most examples like this exemplify the advantage of switching, where
necessary, into formal nomenclature usage: “human parainfluenza virus 1 is a species in the
genus Paramyxovirus, family Paramyxoviridae.” In this example, as is usually the case,
adding the information that this virus is also a member of the subfamily Paramyxovirinae
and the order Mononegavirales is unnecessary.

STRUCTURAL, GENOMIC, PHYSICOCHEMICAL AND REPLICATIVE PROPERTIES OF VIRUSES
UseD IN TAXONOMY

The way by which viruses are characterized, for taxonomic and other purposes, is changing
rapidly. In the past, laboratory techniques have included characterizations of virion
morphology (by electron microscopy), virion stability (by varying pH and temperature,
adding lipid solvents and detergents, etc.), virion size (by filtration through fibrous and
porous microfilters), and virion antigenicity (by many different serologic methods). These
means worked because after large numbers of viruses had been studied and their character-
istics placed into the universal taxonomic scheme, it was necessary in most cases to only
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measure a few characteristics to place a new virus, especially a new variant from a well
studied source, in its proper taxonomic niche. For example, a new adenovirus, isolated
from the human respiratory tract and identified by serologic means, was easy to place in its
niche in the family Adenoviridae, genus Mastadenovirus. The exceptions occurred when a
new virus was found that did not have a familiar set of properties. Such a virus became a
candidate prototype for a new taxon, generally a new family or genus. In such cases,
comprehensive characterization of all virion properties was called for.

One particularly important technological advance underpinning the development of mod-
ern virus taxonomy was the invention by Brenner and Horne (1959) of the negative staining
technique for electron microscopic examination of virions. The impact of this technique was
immediate: (a) virions could be characterized with respect to size, shape, surface structure,
presence or absence of an envelope, and, often, symmetry; (b) the method could be applied
simply and universally; and (c) virions could be characterized in unpurified material,
including diagnostic specimens. Negative staining has facilitated the rapid accumulation of
data about the physical properties of many viruses. Thin-section electron microscopy of
virus-infected cell cultures and tissues of infected humans, animals (including experimental
animals), and plants has provided complementary data on virion morphology, mode and
site of virion morphogenesis (e.g., site of budding), etc. Thus, in many cases, viruses were
placed in their appropriate family, and in some instances in their appropriate genus, after
simple visualization and measurement by negative-stain and/or thin-section electron mi-
croscopy (Murphy, 1987).

The fundamental molecular bases for many of the empirical virion property measurements
that were originally used to construct virus families and genera are now rather well
understood. Many of the characteristics that have been used in deciding taxonomic
constructions are listed in the following table:

SoME PrROPERTIES OF VIRUSES USED IN TAXONOMY
VIRION PROPERTIES

MORPHOLOGY

virion size

virion shape

presence or absence and nature of peplomers
presence or absence of an envelope

capsid symmetry and structure

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

virion molecular mass (Mr)

virion buoyant density (in CsCl, sucrose, etc.)
virion sedimentation coefficient

pH stability

thermal stability

cation stability (Mg**, Mn*)

solvent stability

detergent stability

irradiation stability

genome

type of nucleic acid (DNA or RNA)

size of genome in kb/kbp

strandedness — (single) stranded or (double) stranded
linear or circular

sense (positive-sense, negative-sense, ambisense)
number and size of segments

nucleotide sequence, or partial sequence
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presence of repetitive sequence elements

presence of isomerization

G+C ratio

presence or absence and type of 5'-terminal cap

presence or absence of 5'-terminal covalently-linked protein
presence or absence of 3'-terminal poly (A) tract

PROTEINS

number, size and functional activities of structural proteins

number, size and functional activities of non-structural proteins

details of special functional activities of proteins: especially transcriptase, reverse
transcriptase, hemagglutinin, neuraminidase, and fusion activities

amino acid sequence or partial sequence

glycosylation, phosphorylation, myristylation

epitope mapping

LiriDs

content, character, etc.

CARBOHYDRATES

content, character, etc.

genome organization and replication
genome organization

strategy of replication

number and position of open reading frames
transcriptional characteristics

translational characteristics
post-translational processing

site of accumulation of virion proteins

site of virion assembly

site and nature of virion maturation and release

ANTIGENIC PROPERTIES

serologic relationships, especially as obtained in reference centers

BioLoGic PROPERTIES

natural host range

mode of transmission in nature

vector relationships

geographic distribution

pathogenicity, association with disease
tissue tropisms, pathology, histopathology

Through the use of monoclonal antibodies, synthesized peptides, and epitope mapping,
there is new understanding of the molecular bases for those serological reactions that were
originally used to construct families and genera. Today, genome sequencing, or partial
sequencing, is often done very early in virus identification, and even in diagnostic activities.
For comparison, genome sequences are available in readily accessible databases for the
prototype viruses of nearly all taxa. Sequence data are even driving consideration for the
construction of new families and new genera before other data are available. It is likely
because of their absolute nature that genome sequence data will become the base for further
refinement and expansion of the universal taxonomic scheme. Genome sequence data are
also the key to the advance of “phylogenetic taxonomy” (see below). In addition, the
derivatives of sequencing are advancing as taxonomic criteria: for example, genome organi-
zation, gene order, strategy of replication and other genetic considerations have been added
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to the taxonomic decision process (Murphy, 1985, 1987, 1988, 1994; Murphy and Kingsbury,
1990).

TaxoNoMY AND UNAMBIGUOUS VIRUS IDENTIFICATION

Unambiguous virus identification is a major virtue of the universal system of taxonomy
(Murphy, 1983), and of particular value when the editor of ajournal requires precise naming
of viruses cited in a publication. Ataminimum, precise naming avoids problems caused by
synonyms, transliterated vernacular names, and local laboratory jargon. Precise virus
identification includes taxonomic status, such as name of family, genus, and species, as well
as strain designation terms. The matter of deciding how type species and strains are chosen
and designated remains the responsibility of international specialty groups, some of which
operate under the auspices of the World Health Organization and other agencies. In the
past, some confusion was caused by the ICTV’s identification of type species as part of
descriptions of taxa; however, the ICTV has never tried to identify type species with the
kind of precision that must be used by specialty groups and culture collections. There has
also been some confusion caused by conflicting claims of individuals having personal
interests in the choice of prototypes. This has occurred where prototype strains have
become valuable as substrates for vaccines, diagnostic reagents, etc.

One of the best models for the kind of description necessary to avoid ambiguity in virus
strain identification is that of the American Type Culture Collection in its frequently
updated Catalogue of Animal Viruses and Antisera, Chlamydiae and Rickettsiae (1990). For
example, St. Louis encephalitis virus is listed as:

St. Louis encephalitis virus ClassIII. ATCC VR-80

Strain: Hubbard. Original source: Brain of patient, Missouri, 1937. Reference: McCordock, H. A, et al., Proc. Soc.
Exp. Biol. Med. 37:288, 1937. Preparation: 20% SMB in 50% NIRS infusion broth; supernatant of low speed
centrifugation. Host of Choice: sM (i.c.); M (i.c.). Incubation: 3-4 days. Effect: Death. Host Range: M, Ha, CE, HaK,
CE cells. Special Characteristics: Infected brain tissue will have a titer of about 107. Agglutinates goose and
chicken RBC. Cross reacts with many or all members of group B arboviruses....

TAXONOMY AND THE ADEQUATE DESCRIPTION OF NEW VIRUSES

As thousands of viruses have been isolated from human animal and plant specimens, there
have been many errors and duplications over the years; that is, viruses isolated in different
laboratories have been given different names and the chance for coexistence in various virus
lists (Murphy, 1983). Viruses have also been placed in the wrong lists, the most notable
instance involving the emergence of the family Reoviridae (genus Reovirus) from the initial
placement of its prototype viruses in the list of human enteroviruses. Recently, several
named but serologically “ungrouped” viruses listed in the International Catalogue of
Arboviruses (Karabatsos, 1985) were found to actually be unrecognized isolates of Lassa
virus and Rift Valley fever virus, viruses that must be handled under maximum contain-
ment conditions. The reasons for these and similar problems have been: (1) inadequate
characterization and description of viruses by those who isolate them, and (2) inadequate
review of data by international specialty groups. Such problems seem to be declining in
frequency, but continuous attention is warranted because there can be serious conse-
quences. Assuring the adequacy of characterization and description of new viruses is a
particular responsibility of reference laboratories, international reference centers, interna-
tional specialty groups, and culture collections.

When an “unknown” is first studied in a laboratory, its initial characterization may involve
only standardized protocols. That is, only a few characteristics may be determined before
the application of specific identification procedures. Only when an “unknown” fails to
yield to routine procedures is there call for more extensive study. One key to simplifying
and rationalizing such study is to set useful techniques into a proper sequence based upon
taxonomic characteristics. This sequence of procedures should include logical short-cuts, so
as to avoid extra effort and expense. For example, negative-stain electron microscopy
represents a logical short-cut for the initial placement of unknowns that emerge from
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characterization protocols. If an “unknown” is shown by electron microscopy to be a
rhabdovirus, there is little value of checking whether its genome is DNA or RNA. Likewise,
there is little value of doing serology against other than the known rhabdoviruses (except
perhaps in testing for the presence of contaminant viruses). Comprehensive characteriza-
tion is the key to discovery of novel viruses, but fully characterizing usual isolates rarely
contributes to such discovery.

TAxoNOMY IN DIAGNOSTIC VIROLOGY

A universal system for taxonomy and nomenclature of viruses is a practical necessity
whenever large numbers of distinct isolates are being dealt with, as in a reference diagnostic
laboratory. The clinician usually makes a preliminary diagnosis of a viral disease on the
basis of four kinds of evidence: (1) clinical features, which allow recognition with varying
certainty in typical cases of many viral diseases (e.g., varicella exanthem, measles exanthem);
(2) epidemic behavior, which in a typical population may allow recognition (e.g., epidemic
influenza, arbovirus diseases such as dengue and yellow fever, enterovirus exanthems); (3)
circumstances of occurrence, which may indicate probable etiology (e.g., respiratory syncytial
virus as the primary cause of croup and bronchiolitis in infants, hepatitis B or hepatitis C as
the likely cause of hepatitis following blood transfusion); and (4) organ involvement, which
may suggest a probable etiology (e.g., mumps virus as the cause of parotitis, viruses in
general as the cause of 80-90 percent of acute respiratory infections). Shortcomings in the
predictive value of these kinds of evidence suggest that the laboratory diagnostician as well
as the clinician must appreciate the range of possible etiologic agents in particular disease
syndromes. There is value in initially assembling an inclusive “long list” of possible
etiologic agents, so that no candidate agent is overlooked. In most cases this is done
informally, and the process is adjusted to the complexity of the case.

The universal system of virus taxonomy may be used as the source of the “long list” of
candidate etiologic agents. The system serves to organize the “long list” logically, and
because the system is comprehensive, it is unlikely that known viruses will be overlooked.
The observations that serve to place an etiologic agent in its proper family and genus should
also play a major role in shortening the list, and should in most cases provide etiologic
information needed to select immunologic (serologic) identification techniques. For ex-
ample, the “long list” of possible etiologies for a slowly progressive central nervous system
disease would include many viruses that are difficult or impossible to cultivate. However,
the identification of spherical, 45 nm, nonenveloped virions in the nuclei of cells in a brain
biopsy from a patient with such a disease would go far toward shortening the list to the
family Papovaviridae, genus Polyomavirus, thereby suggesting a diagnosis of JC or SV 40
virus-induced progressive multifocal leukoencephalopathy. In this case, many viruses
known to invade the brain and cause slowly progressive neurologic disease would be
eliminated from the differential diagnostic list; e.g.,, member viruses of the families
Herpesviridae, Adenoviridae, Togaviridae, Flaviviridae, Paramyxoviridae, Rhabdoviridae,
Bunyaviridae, Arenaviridae, Retroviridae, and Picornaviridae.

THE FuTURE OF VIRUS TAXONOMY

THE ADVANCE OF PHYLOGENETIC TAXONOMY AND THE USE OF HIGHER TAxA

Until recently, one of the rules of virus taxonomy stated that the system was not meant to
imply any phylogenetic relationships. Since viruses leave no fossils (except perhaps within
arthropods and other creatures embedded in amber!), it was presumed that there never would be
enough evidence to prove whether or not different taxa had common evolutionary roots. In
fact, since the prevailing concept was that each kind of virus was derived separately from its
host, it was considered foolish to consider any idea of a single evolutionary “tree” for the
viruses (Goldbach, 1986, Gibbs, 1987). The generally very different morphological and
physicochemical characteristics of the member viruses of many different taxa supported
this view.
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Now, as genome sequencing of many viruses, and many organisms from archaebacteria to
humans, is revealing many conserved functional or “fossil” domains of ancient lineage, for
the first time the archeology of the viruses is being explored from the perspective of data,
not just “armchair theory.” We now know that many viruses have gained some functional
genes from their hosts (and hosts have gained some genes from viruses) and have gained
other genes from other viruses — that is, viral genomes seem to represent more-or-less
ancient “grab-bags” of genes, fine-tuned by the Darwinian forces of selection into replicative
machines with extraordinary functional economy. We now know that the genomes of
viruses in different families, in most cases, are extremely different from each other, but we
also know that in some cases seemingly unrelated viruses (and taxa) are similar — similar in
gene order and arrangement, fine points of strategy of replication, and even in conserved
sequence domains encoding similarly functioning proteins. Overall, the differences be-
tween most taxa are so great that it still seems foolish to think of building a monophylogenous
“tree” uniting all the viruses. On the other hand, the unexpected similarities have prompted
some consideration of a partial phylogenetic taxonomy (Goldbach, 1986, 1987; Gibbs, 1987;
Goldbach and Wellink, 1988; Kingsbury, 1988; Morse, 1993).

As these evidences of phylogenetic relationships between families have been studied, there
has been a wish to reflect these relationships in the universal taxonomic scheme. There has
been no wish to combine families exhibiting distant phylogenetic relationships and thereby
have them lose their practical identities. As one virologist stated: “the family is the fixed
point, the benchmark, in virus taxonomy, so let’s not do anything to change this”. Instead,
there has been increasing interest in capturing these relationships by uniting distantly
related families in higher taxa, namely orders. The order Mononegavirales, comprising the
families Paramyxoviridae, Rhabdoviridae and Filoviridae, was formed in recognition that the
member viruses had common sequences in their nucleocapsid genes and similar gene
arrangements and gene products (Pringle, 1991). At this point, ICTV is committed to
reserving the hierarchical level of order solely for recognizing phylogenetic relationships.

There is a further occasion for considering the grouping of families together; this involves
many of the positive sense, single-stranded RNA viruses. Similarities in genome organiza-
tion, gene arrangements and sequence similarities in particular domains among viruses in
several taxa, representing diverse vertebrate, invertebrate, plant and bacterial viruses, have
been studied for the past 10 years. Kamer and Argos (1984) first aligned RNA-dependent
RNA polymerase gene sequences of several plant, animal and bacterial viruses. In 1986,
Goldbach greatly broadened this approach and used the data to explore the possible paths
of evolution of the many positive sense RNA viruses. He proposed the formation of several
“supergroups” to formalize the recognition of similarities. Gibbs (1987) and Strauss, Strauss
and Levine (1988, 1991) have explored the possible mechanisms underpinning such evolu-
tionary relationships. Today, work is centered on assessment of many characteristics of the
RNA viruses: (1) genome organization and gene order; (2) presence of a 5'-terminal covalently-
linked polypeptide, a 3'-terminal poly (A) tract, a 5'-terminal cap; (3) presence of subge-
nomic RNA; (4) polyprotein processing and enzymology; etc. At the heart of the matter is
the assessment of conserved sequences in genes encoding the RNA-dependent RNA poly-
merases, helicases, and proteases. These characteristics are being used as the basis for
several different ideas for constructing higher taxa (Koonin and Gorbalenya, 1989; Koonin,
1991; Mahy, 1991; Goldbach et al., 1991; Strauss, Strauss and Levine, 1991; Koonin and Dolja,
1993; Ward, 1994).

In their most recent proposals, Goldbach and de Haan (1993), Koonin and Dolja (1993) and
Ward (1994) have proposed three major clusters of positive sense, single-stranded RNA
viruses, one for the “picorna-like viruses,” one for the “toga-like viruses,” and one for the
“flavi-like viruses” (although Goldbach calls attention to the major differences among the
viruses in the latter cluster). Goldbach and de Haan (1993) continue to use the terms
“supergroups” and “superfamilies” for these clusters, but Koonin and Dolja (1993) and
Ward (1994) have taken this a step further in using the taxonomic hierarchical levels of class
and order to denote the same groupings (it must be reminded that these usages do not have
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ICTV sanction). It was thought for a time that the approach could also been extended to the
double-stranded RNA viruses, but recent evidence suggests a polyphyletic origin of double-
stranded RNA viruses from different groups of positive sense RNA viruses (Bruenn, 1991;
Koonin, 1992). This matter will be debated by the ICTV over the next few years, but already
it is clear that there is no general wish by most virologists to abandon the present system
which is based upon assessment and weighting of multiple virion characteristics. As one
virologist has stated: “I am alarmed by the idea of erecting higher taxa upon a scheme that
assumes that the polymerase is the virus.” Clearly, there will be interest in melding
phylogenetic considerations and traditional approaches into a unifying system.

Within the subject of phylogenetic taxonomy, one of the most interesting debates centers on
which characteristics of an organism are most ancient, which are most recent, which are
most stable and which are most changing. With increasing knowledge of which character-
istics are conserved through evolutionary divergence, arbitrary cladistic taxonomy seem-
ingly must be melded with phylogenetic taxonomy. Many virologists have over the years
considered that virion structural elements were most ancient; after all, cumulative muta-
tions in icosahedral capsids could only lead to lethal instability. Similarly, many virologists
have considered that viral genome expression strategies were most ancient; again, even if a
virus figured out how to reinvent its capsid, changes in integrated multigenic replication
steps would certainly be lethal. At present, however, the finding of conserved sequence
domains in polymerases, helicases and proteases, but not in structural or other genes of the
positive sense, single-stranded RNA viruses, suggests that the whole subject must be
revisited. Of course, horizontal gene transfer between viruses and dynamic gene acquisi-
tion from host cells adds to the sense of phylogenetic complexity. It is unfortunate that
viruses have such small genomes, so that there will not be an opportunity to find confirma-
tory evidences of relationships by analyzing additional genes.

THE ICTV Datasase (ICTVDpB)

The number of viruses occupying geographic and/or host niches as pathogens or silent
passengers of humans, animals, plants, invertebrates, protozoa, fungi, and bacteria is very
large. Our lists are increasing regularly as we search in new niches and as the sensitivity and
specificity of our techniques for detection get better and better. Today, the ICTV recognizes
more than 3,600 virus species. Specialty groups keep track of far more viruses, virus strains,
and subtypes, each having particular health or economic distinction and importance. It has
been estimated that more that 30,000 viruses, virus strains, and subtypes are being tracked
in various specialty laboratories, reference centers, and culture collections communicating
with the WHO, FAO, and other international agencies. Further, the development of the
viral quasispecies concept, with its prediction of rapid evolution of variants that may
become fixed in nature as new species, portends future needs to track even more viral
entities (Holland, et al., 1982; Zimmern, 1988; Holland, de la Torre and Steinhauer 1992;
Dolja and Carrington, 1992; Eigen, 1993). It has been estimated that to describe a virus
comprehensively, approximately 500-1,000 characters must be determined (Atherton, Holmes
and Jobbins, 1983; Boswell, et al., 1986). This means that to comprehensively describe all the
known viruses of the world, we must “fill in the blanks” for 3 to 21 million data points (of
course, many of the data points are the same when entering related viruses). This situation
is even more complex; as we add more and more genome sequence information, our data
systems will become truly enormous.

A major goal of the ICTV is to design, build and make available to all virologists, worldwide,
a universal virus database, the ICTVdB. This database will encompass data that are now
used in developing and managing the universal system for virus taxonomy. The ICTVdB
will first describe viruses down to the species level, in keeping with the level of responsibil-
ity of the ICTV, but it will then go further, interfacing with the databases of international
specialty groups which are cataloguing data down to subspecies, strain, variant and isolate
levels, that is, levels important in medicine, agriculture, and other scholarly fields. ICTV’s
goal is to design the database to feed directly into user friendly programs that will be
directly accessible to users (Pankhurst and Aitchison, 1975). Particular products, tailored to
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particular users, will be compressed to fit into equipment and software that can be readily
accessed around the world.

There are several virus databases in operation in the world which will be integrated into the
ICTVdB, including: (1) the plant virus database operated at the Australian National
University in Canberra, Australia (the VIDE Project; A] Gibbs, personal communication,
1994); (2) the veterinary virus database operated by the CSIRO/Australian Animal Health
Laboratory in Geelong, Australia (the VIREF Project; A Della Porta, personal communica-
tion, 1994); and (3) an arbovirus database operated for the American Committee on Arthro-
pod-borne Viruses (ACAV) by the Centers for Disease Control in Ft. Collins, Colorado, USA
(C.H. Calisher, personal communication, 1994). Additionally, a human virus/human
disease database, in planning stage in the Division of Viral and Rickettsial Diseases, Centers
for Disease Control in Atlanta, Georgia, USA, will be integrated into the ICTVdB (B.W.].
Mahy, personal communication, 1994). The most advanced of these databases is the VIDE
(Virus Identification Data Exchange) project on plant viruses (Dallwitz, 1974, 1980; Boswell
et al., 1983, 1986; Dallwitz and Paine, 1986; Partridge Dallwitz and Watson, 1988). This
project, centered in Canberra, Australia, interfaces with Horticulture Research International
(Littlehampton, U.K.) and C.A.B. International (Wallingford, U.K.), and involves a world-
wide network of more than 200 collaborating plant virologists (Buchen-Osmond et al., 1988,
1993; Brunt, Crabtree and Gibbs, 1990, 1992). The VIDE database now contains 569
characters for more than 890 plant virus species in 55 genera (A.]. Gibbs, personal commu-
nication, 1994). Using these databases as a foundation, the ICTV has laid out a plan to
develop the universal virus database, the ICTVdB, over the next 10 years.
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PART 11: THE VIRUSES

This report describes the taxa and member viruses approved by the ICTV between 1970 and
1993. Descriptions of the most important characteristics of these taxa are provided, together
with a list of members and selected references. These descriptions represent the work of the
chairpersons and members of the Subcommittees and Study Groups of the ICTV. A
glossary of abbreviations and terms is provided first; followed by a set of virus diagrams
and listings of the taxa, alphabetically, then by host, and then by nucleic acid and genome
characteristics. A key to the placement of the viruses in the taxa is provided. Descriptions
of the taxa and a listing of unassigned viruses follow.

The names of orders, families and genera approved by ICTV are printed in italics. Names
that have not yet been approved are printed in quotation marks in standard type. Vernacu-
lar species names, whether approved or not, are printed in standard type.

Throughout the Report, three categories of member viruses of the various taxa have been
defined: (1) Type species: pertains to the type species used in defining the taxon. As noted
above, the choice of the type species by ICTV is not made with the kind of precision that
must be used by international specialty groups and culture collections or when choosing
substrates for vaccines, diagnostic reagents, etc. In this regard, the designation of prototype
viruses and strains must be seen as a primary responsibility of international specialty
groups. (2) Other species: pertains to those viruses which on the basis of all present evidence
definitely belong to the taxon. (3) Tentative species: pertains to those viruses for which there
is presumptive but not conclusive evidence favoring membership of the taxon.

The ICTV has approved one order, 50 families, 9 subfamilies and 164 genera. Descriptions
of virus satellites, viroids and the agents of spongiform encephalopathies (prions) of

humans and several animal species are included. Finally a list of unassigned viruses is
provided with a pertinent reference for each.
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GLOSSARY OF ABBREVIATIONS AND VIROLOGICAL TERMS

Note: These terms were approved by the Coordination Subcommittee of ICTV for use in
ICTV Report but have no official status.

ABBREVIATIONS
bp basepair
CF complement fixing
CPE cytopathic effect
D diffusion coefficient
DI defective interfering
ds double-stranded
HI hemagglutination inhibition
kbp kilo base pair
kDa kilo Dalton
Mr molar ratio
ORF open reading frame
RF replicative from
RI replicative intermediate
RNP ribonucleoprotein
ss single-stranded

RNA REPLICASES, TRANSCRIPTASES AND POLYMERASES

In the synthesis of viral RNA, the term polymerase has been replaced in general by two
somewhat more specific terms: RNA replicase and RNA transcriptase. The term transcriptase
has become associated with the enzyme involved in messenger RNA synthesis, most
recently with those polymerases which are virion-associated. However, it should be borne
in mind that for some viruses it has yet to be established whether or not the replicase and
transcriptase activities reflect distinct enzymes rather than alternative activities of a single
enzyme. Confusion also arises in the case of the small positive-sense RNA viruses where the
term replicase (e.g., QP replicase) has been used for the enzyme capable both of transcribing
the genome into messenger RNA via an intermediate negative-sense strand and of synthe-
sizing the genome strand from the same template. In the text, the term replicase will be
restricted as far as possible to the enzyme synthesizing progeny viral strands of either
polarity. The term transcriptase is restricted to those RNA polymerases that are virion-
associated and synthesize mRNA. The generalized term RNA polymerase (i.e., RNA-
dependent RNA polymerase) is applied where no distinction between replication and
transcription enzymes can be drawn (e.g., QB, R 17, poliovirus and many plant viruses).

OTHER DEFINITIONS

Enveloped: possessing an outer (bounding) lipoprotein bilayer membrane

Positive-sense (= plus strand, message strand); for RNA, the strand that contains the coding
triplets which can be translated by ribosomes. For DNA, the strand that contains the same
base sequence as the mRNA. However, in some dsDNA viruses mRNAs are transcribed
from both strands and the transcribed regions may overlap. For such viruses this definition
is inappropriate.

Negative sense(= minus strand); for RNA or DNA, the negative strand is the strand with
base sequence complementary to the positive-sense strand.

Pseudotypes: Enveloped virus particles in which the envelope is derived from one virus and
the internal constituents from another.

Transcriptase: found as part of the reverse transcribed viruses.
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Reverse virus-encoded RNA-dependent DNA polymerase
Surface projections (= spikes, peplomers, knobs); morphological: features, usually consist-
ing of glycoproteins, that protrude from the lipoprotein envelope of many enveloped
viruses.

Virion: Morphologically complete virus particle.

Viroplasm: (= virus factory, virus inclusion, X-body); a modified region within the infected
cell in which virus replication occurs, or is thought to occur.
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ViruUs DIAGRAMS

The following pages provide line drawings for the virus families and genera according to
their given major host; bacteria (and mycoplasma), algae, fungi and protozoa, plants,
invertebrates, and vertebrates. In case of virus families comprising viruses infecting several
hosts we have indicated the genera for which it is the primary host. For example the
Togaviridae, Flaviviridae, Rhabdoviridae, Bunyaviridae, Tospovirus for the families of viruses
infecting plants. When all the genera have viruses affecting several hosts we only indicated
the family name. For example Bunyaviridae and Picornaviridae for the families of viruses
infecting Invertebrates and Vertebrates. All the diagrams have been drawn similarly: there
are frames to separate taxa containing double stranded (ds) and single stranded (ss)
genomes and horizontal grey blocks to separate taxa containing DNA and RNA viruses.
Taxa containing reverse transcribing (RT) viruses and the negative (-) and positive (+)
ssRNA genomes are also indicated. When no virus has been identified in a category, the box
has been left empty or not shown.

All the diagrams have been drawn approximately to the same scale to provide anindication
of the relative sizes of the viruses; but this cannot be taken as definitive for the following
reasons: (i) Different viruses within a family or genus may vary somewhat in size and shape.
In general the size and shape have been taken from the type member of the taxon. (ii)
Dimensions of some viruses have not been determined with precision. (iii) Some viruses,
particularly the larger enveloped ones, are pleomorphic. Only the outlines of most of the
smallest viruses are shown, with an indication of the icosahedral structure shown whenever
appropriate. The large viruses are shown schematically in surface outline, or in section, as
appropriate to display major morphological characteristics.

Most of the diagrams are reproduced from the Fourth ICTV Report (Matthews, 1982) and
from the Fifth ICTV Report (Francki et al., 1991), updated according to the suggestions of the
chairmen of ICTV Subcommittees and Study Groups. In some cases individual virologists
provided drawings. We would like to thank all the persons having contributed to help to
draw these virus diagrams.

CONTRIBUTED BY
Fauquet CM, Berthiaume L, Ackermann H-W, Calisher CH, Goldbach R, Payment P
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LisTING OF VIRUS FAMILIES AND FLOATING GENERA

TABLE I: ALPHABETICAL LISTING OF FAMILIES AND FLOATING GENERA

Family or Genus Morphology Envelope Nucleic Acid Host
Type Configuration
Adenoviridae icosahedral dsDNA 1 linear \Y%
“ African swine fever-like spherical + dsDNA 1 linear \Y%
viruses”
Arenaviridae spherical + ssRNA 2 - linear \Y%
Arterivirus spherical + ssRNA 1 + linear \'%
Astroviridae icosahedral - ssRNA 1 + linear \Y%
Baculoviridae bacilliform + dsDNA 1 circular I
Badnavirus bacilliform - dsDNA 1 circular P
Barnaviridae bacilliform - ssSRNA 1 + linear F
Birnaviridae icosahedral - dsRNA 2 linear V,1
Bromoviridae icosahedral - ssRNA 3 + linear P
Bunyaviridae spherical + ssRNA 3 - linear V,LLP
Caliciviridae icosahedral - ssRNA 1 + linear \%
Capillovirus rod - ssRNA 1 + linear P
Carlavirus rod - ssRNA 1 + linear P
Caulimovirus icosahedral - dsDNA 1 circular P
Circoviridae icosahedral ssDNA X circular \Y%
Closterovirus rod - ssRNA 1 + linear P
Comoviridae icosahedral - ssRNA 2 + linear P
Coronaviridae pleomorphic + ssRNA 1 + linear \%
Corticoviridae icosahedral - dsDNA 1 circular B
Cystoviridae isometric + dsRNA 3 linear B
Dianthovirus icosahedral - ssRNA 2 + linear P
Enamovirus icosahedral - ssRNA 2 + linear P
Filoviridae bacilliform + ssRNA 1 - linear \Y%
Flaviviridae spherical + ssRNA 1 + linear V,1
Furovirus rod - ssRNA 2 + linear P
Fuselloviridae lemon shape + dsDNA 1 circular B
Geminiviridae isometric - ssDNA 1,2 circular P
Hepadnaviridae icosahedral - ssDNA 1 circular \Y
Herpesviridae icosahedral + dsDNA 1 linear \'
Hordeivirus helical - ssRNA 3 + linear P
Hypoviridae pleomorphic + dsRNA 1 linear F
Idaeovirus icosahedral - ssRNA 2 + linear P
Inoviridae rod - ssDNA 1 circular B,M
Iridoviridae icosahedral + dsDNA 1 linear 1
Leviviridae icosahedral - ssRNA 1 + linear B
Lipothrixviridae rod + dsDNA 1 linear B
Luteovirus icosahedral - ssRNA 1 + linear P
Machlomovirus icosahedral - ssRNA 1 + linear P
Marafivirus icosahedral ssRNA 1 + linear P
Microviridae icosahedral - dsDNA 1 circular B
Myoviridae tailed phage - dsDNA 1 linear B
Necrovirus icosahedral - ssRNA 1 + linear P
Nodaviridae icosahedral - ssRNA 2 + linear I
Orthomyxoviridae spherical + ssRNA 8 - linear \Y
Papovaviridae icosahedral - dsDNA 1 circular \Y
Paramyxoviridae helical + ssRNA 1 - linear Vv
Partitiviridae icosahedral - dsRNA 2 linear F, P
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Family or Genus Morphology  Envelope Nucleic Acid Host
Type Configuration
Parvoviridae icosahedral ssDNA 1 - linear V, 1
Phycodnaviridae icosahedral - dsDNA 1 + linear A
Picornaviridae icosahedral - ssRNA 1 + linear V,1
Plasmaviridae pleomorphic + dsDNA 1 circular M
Podoviridae tailed phage - dsDNA 1linear B
Polydnaviridae rod, fusiform + dsDNA X supercoiled I
Potexvirus rod - ssRNA 1 + linear P
Potyviridae rod - ssRNA 1 + linear P
Poxviridae ovoid + dsDNA 1 linear V,1
Reoviridae icosahedral - dsRNA 10 - 12 linear V,LP
Retroviridae spherical + ssRNA dimer 1 + linear \'
Rhabdoviridae bacilliform + ssRNA 1 - linear V,IP
Rhizidiovirus icosahedral - dsDNA 1 linear F
Sequiviridae icosahedral - ssRNA 1 + linear P
Siphoviridae tailed phage - dsDNA 1 linear B
Sobemovirus icosahedral - ssRNA 1 + linear P
Tectiviridae icosahedral - dsDNA 1 linear B
Tenuivirus amorphic ? ssRNA 4-5 +/- linear P
Tetraviridae icosahedral - ssRNA 1,2 + linear I
Tobamovirus rod - ssRNA 1 + linear P
Tobravirus rod - ssRNA 2 + linear P
Togaviridae spherical + ssRNA 1 + linear V,1
Tombusviridae icosahedral - ssRNA 1 + linear P
Totiviridae icosahedral - dsRNA 1 + linear F, Pr
Trichovirus helical - sSRNA 1 + linear P
Tymovirus icosahedral - ssRNA 1 + linear P
Umbravirus ? ? ssRNA 1 + linear P
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TABLE II: FaAMiILIES AND FLOATING GENERA LisTED BY HoSsT

Family or Genus Morphology Envelope Nucleic Acid Host
Type Configuration
Phycodnaviridae icosahedral - dsDNA 1 + linear A
Corticoviridae icosahedral - dsDNA 1 circular B
Cystoviridae isometric + dsRNA 3 linear B
Fuselloviridae lemon shape + dsDNA 1 circular B
Leviviridae icosahedral - ssRNA 1 + linear B
Lipothrixviridae rod + dsDNA 1 linear B
Microviridae icosahedral - dsDNA 1 circular B
Myoviridae tailed phage - dsDNA 1 linear B
Podoviridae tailed phage - dsDNA 1 linear B
Siphoviridae tailed phage - dsDNA 1 linear B
Tectiviridae icosahedral - dsDNA 1 linear B
Inoviridae rod - ssDNA 1 circular B,M
Barnaviridae bacilliform - ssRNA 1 + linear F
Hypoviridae pleomorphic + dsRNA 1 linear F
Rhizidiovirus icosahedral - dsDNA 1 linear F
Partitiviridae icosahedral - dsRNA 2 linear F P
Totiviridae icosahedral - dsRNA 1 + linear F, Pr
Baculoviridae bacilliform + dsDNA 1 circular I
Nodaviridae icosahedral - ssRNA 2 + linear I
Polydnaviridae rod, fusiform + dsDNA X supercoiled I
Tetraviridae icosahedral - ssRNA 1, 2 + linear I
Plasmaviridae pleomorphic + dsDNA 1 circular M
Badnavirus bacilliform - dsDNA 1 circular P
Bromoviridae icosahedral - ssRNA 3 + linear P
Capillovirus rod - ssRNA 1 + linear P
Carlavirus rod - ssRNA 1 + linear P
Caulimovirus icosahedral - dsDNA 1 circular P
Closterovirus rod - ssRNA 1 + linear P
Comoviridae icosahedral - ssRNA 2 + linear P
Dianthovirus icosahedral - ssRNA 2 + linear |
Enamovirus icosahedral - ssRNA 2 + linear P
Furovirus rod - ssRNA 2 + linear P
Geminiviridae isometric - ssDNA 1,2 circular P
Hordeivirus helical - ssRNA 3 + linear P
Idaeovirus icosahedral - ssRNA 2 + linear P
Luteovirus icosahedral - ssRNA 1 + linear P
Machlomovirus icosahedral - ssRNA 1 + linear P
Marafivirus icosahedral - ssRNA 1 + linear P
Necrovirus icosahedral - ssRNA 1 + linear P
Potexvirus rod - ssRNA 1 + linear P
Potyviridae rod - ssRNA 1 + linear P
Sequiviridae icosahedral - ssRNA 1 + linear P
Sobemovirus icosahedral - ssRNA 1 + linear P
Tenuivirus amorphic ? ssRNA 4-5 +/- linear P
Tobamovirus rod - ssRNA 1 + linear P
Tobravirus rod - ssRNA 2 + linear P
Tombusviridae icosahedral - ssRNA 1 + linear P
Trichovirus helical - ssRNA 1 + linear P
Tymovirus icosahedral - ssRNA 1 + linear P
Umbravirus ? ? ssRNA 1 + linear P
Adenoviridae icosahedral - dsDNA 1 linear A"
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Family or Genus Morphology  Envelope Nucleic Acid Host
Type Configuration
“African swine fever-like spherical + dsDNA  1linear \'
viruses"
Arenaviridae spherical + ssRNA 2 - linear \'
Arterivirus spherical + ssRNA 1 + linear \'
Astroviridae icosahedral - ssRNA 1 + linear \'
Caliciviridae icosahedral - ssRNA 1 + linear \Y
Circoviridae icosahedral - ssDNA X circular \
Coronaviridae pleomorphic + ssRNA 1 + linear \
Filoviridae bacilliform + ssRNA 1-linear A
Hepadnaviridae icosahedral - ssDNA 1 circular A%
Herpesviridae icosahedral + dsDNA 1 linear \
Orthomyxoviridae spherical + ssRNA 8 - linear \%
Papovaviridae icosahedral - dsDNA  1circular \'
Paramyxoviridae helical + ssRNA 1 - linear \'
Retroviridae spherical + ssRNA dimer 1+linear \
Birnaviridae icosahedral - dsRNA 2 linear V,1
Flaviviridae spherical + ssRNA 1 + linear V,1
Iridoviridae icosahedral + dsDNA 1 linear V,1
Parvoviridae icosahedral - ssDNA 1 - linear V,1
Picornaviridae icosahedral - ssRNA 1 + linear V,1
Poxviridae ovoid + dsDNA 1 linear V,1
Togaviridae spherical + ssRNA 1 + linear V,1
Bunyaviridae spherical + ssRNA 3 - linear V,LP
Reoviridae icosahedral - dsRNA 10 - 12 linear V,LP
Rhabdoviridae bacilliform + ssRNA 1- linear V,LP

~
~
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TaBLE III: FAMILIES AND FLOATING GENERA LiSTED BY NUCLEIC ACID

Family or Genus Morphology = Envelope Nucleic Acid Host
Type Configuration
Phycodnaviridae icosahedral - dsDNA 1 + linear A
Baculoviridae bacilliform + dsDNA 1 circular I
Badnavirus bacilliform - dsDNA 1 circular P
Caulimovirus icosahedral - dsDNA 1 circular P
Corticoviridae icosahedral - dsDNA 1 circular B
Fuselloviridae lemon shape + dsDNA 1 circular B
Microviridae icosahedral - dsDNA 1 circular B
Papovaviridae icosahedral - dsDNA 1 circular \'
Plasmaviridae pleomorphic + dsDNA 1 circular M
Adenoviridae icosahedral - dsDNA 1 linear \Y%
“African swine fever-like spherical + dsDNA 1 linear \'
viruses
Herpesviridae icosahedral + dsDNA 1 linear \Y
Iridoviridae icosahedral + dsDNA 1 linear V,1
Lipothrixviridae rod + dsDNA 1 linear B
Myoviridae tailed phage - dsDNA 1 linear B
Podoviridae tailed phage - dsDNA 1 linear B
Poxviridae ovoid + dsDNA 1 linear V,1
Rhizidiovirus icosahedral - dsDNA 1 linear F
Siphoviridae tailed phage - dsDNA 1 linear B
Tectiviridae icosahedral - dsDNA 1 linear B
Polydnaviridae rod, fusiform + dsDNA X supercoiled I
Totiviridae icosahedral - dsRNA 1 + linear F, Pr
Hypoviridae pleomorphic + dsRNA 1 linear F
Birnaviridae icosahedral - dsRNA 2 linear V,1
Partitiviridae icosahedral - dsRNA 2 linear F, P
Cystoviridae isometric + dsRNA 3 linear B
Reoviridae icosahedral - dsRNA 10 - 12 linear V,LLP
Parvoviridae icosahedral - ssDNA 1 - linear V,1
Hepadnaviridae icosahedral - ssDNA 1 circular v
Inoviridae rod - ssDNA 1 circular B,M
Geminiviridae isometric - ssDNA 1,2 circular P
Circoviridae icosahedral - ssDNA X circular A%
Arterivirus spherical + ssRNA 1 + linear \Y
Astroviridae icosahedral - ssRNA 1 + linear \Y
Barnaviridae bacilliform - ssRNA 1 + linear F
Caliciviridae icosahedral - ssRNA 1 + linear A%
Capillovirus rod ssRNA 1 + linear P
Carlavirus rod - ssRNA 1 + linear P
Closterovirus rod - ssRNA 1 + linear P
Coronaviridae pleomorphic + ssRNA 1 + linear \Y
Flaviviridae spherical + ssRNA 1 + linear V,1
Leviviridae icosahedral - ssRNA 1 + linear B
Luteovirus icosahedral - ssRNA 1 + linear P
Machlomovirus icosahedral - ssRNA 1 + linear P
Marafivirus icosahedral - ssRNA 1 + linear P
Necrovirus icosahedral - ssRNA 1 + linear P
Picornaviridae icosahedral - ssRNA 1 + linear Vv, 1
Potexvirus rod - ssRNA 1 + linear P
Potyviridae rod - ssRNA 1 + linear P
Sequiviridae icosahedral - ssRNA 1 + linear P
Sobemovirus icosahedral - ssRNA 1 + linear P
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Family or Genus Morphology Envelope Nucleic Acid Host
Type Configuration
Tobamovirus rod - ssRNA 1 + linear P
Togaviridae spherical + ssRNA 1 + linear V,1
Tombusviridae icosahedral - ssRNA 1 + linear P
Trichovirus helical - ssRNA 1 + linear P
Tymovirus icosahedral - ssRNA 1 + linear P
Umbravirus ? ? ssRNA 1 + linear P
Filoviridae bacilliform + ssRNA 1 - linear \Y%
Paramyxoviridae helical + ssRNA 1 - linear \'
Rhabdoviridae bacilliform + ssRNA 1 - linear V,IP
Tetraviridae icosahedral - ssRNA 1,2 + linear I
Comoviridae icosahedral - ssRNA 2 + linear P
Dianthovirus icosahedral ssRNA 2 + linear P
Enamovirus icosahedral - ssRNA 2 + linear P
Furovirus rod - ssRNA 2 + linear P
Idaeovirus icosahedral - ssRNA 2 + linear P
Nodaviridae icosahedral - ssRNA 2 + linear I
Tobravirus rod - ssRNA 2 + linear P
Arenaviridae spherical ssRNA 2 - linear \'
Bromoviridae icosahedral - ssRNA 3 + linear P
Hordeivirus helical - ssRNA 3 + linear P
Bunyaviridae amorphic ? ssRNA 4-5 +/- linear VP
Orthomyxoviridae spherical + ssRNA 8 - linear \%
Retroviridae spherical + ssRNA dimer 1+linear \'

A: algae; B: bacteria; F: fungi; I: invertebrates; M: mycoplasma; P: plants; Pr: protozoa; V: vertebrates
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KEY TO THE PLACEMENT OF VIRUSES IN TAXA

1.

10.

11.

12.

13.

14.

15.

16.

17.

Genome DNA 2
Genome RNA 49
Virion DNA is continuous; reverse transcriptase not used during replication 3
Virion DNA contains discontinuities; reverse transcriptase used during replicaton 46
DNA double-stranded 4
DNA single-stranded 35
THe Ds DNA VirUsEs
Host a prokaryote 5
Host a eukaryote 12
Virion tailed 6
Virion not tailed 8
Tail contractile > 15 nm in diameter Myoviridae / “T4-like phages”
Tail not contractile < 12 nm in diameter 7
Tail long (65 - 600 nm) Siphoviridae / “\-like phages”
Tail short (10 - 20 nm) Podoviridae / “T7-like phages”
Virion not enveloped 9
Virion enveloped 10
DNA linear > 10 kbp; inner capsid can form a tail-like appendage Tectiviridae / Tectivirus
DNA circular < 10 kbp; no tail-like appendage is formed Corticoviridae / Corticovirus
Host a mycoplasma Plasmaviridae / Plasmavirus
Host an archaebacterium 11
Virion rod-shaped Lipothrixviridae / Lipothrixvirus
Virion lemon-shaped Fuselloviridae / Fusellovirus

-Virion contains one or more fusiform or cylindrical nucleocapsids and multiple DNA molecules

(Polydnaviridae) 13
Virion contains a single DNA molecule 14
Nucleocapsid 85 x 330 nm with 2 envelopes Polydnaviridae / Ichnovirus

Nucleocapsid cylindrical, 40 nm diameter x 30-150 nm, with 1 envelope
Polydnaviridae / Bracovirus

DNA =90 kbp 15
DNA <90 kbp 31
DNA > 300 kbp; virion not enveloped; host an alga Phycodnaviridae / Phycodnavirus
DNA usually < 300 kbp; virion enveloped; host an animal 16
Genome covalently closed circular DNA; nucleocapsid rod-shaped (Baculoviridae) 17
Genome linear DNA; nucleocapsid not rod-shaped 18
Inclusions typically contain numerous virions Baculoviridae / Nucleopolyhedrovirus

Inclusions typically contain a single virion Baculoviridae / Granulovirus



18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.
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Virion ovoid or brick-shaped (Poxviridae) 19
Virion not ovoid or brick-shaped 25
Host a vertebrate (Poxviridae / Chordopoxvirinae) 20
Host an invertebrate (Poxviridae / Entomopoxvirinae) 24
Virion ovoid Poxviridae / Chordopoxvirinae / Parapoxvirus
Virion brick-shaped 21
Largest virion dimension > 320 nm;

DNA > 250 kbp; host a bird Poxviridae / Chordopoxvirinae / Avipoxvirus
Largest virion dimension < 290 nm;

DNA < 250 kbp Poxviridae / Chordopoxvirinae /Orthopoxvirus
Largest virion dimension > 290 nm; DNA < 250 kbp 22
DNA 175 kbp; largest virion dimension 300 nm Poxviridae / Chordopoxvirinae / Suipoxvirus

DNA 188 kbp; largest virion dimension 320 nm

Poxviridae / Chordopoxvirinae / Molluscipoxvirus
DNA < 170 kbp 23

Virion 300 x 270 x 200 nm; DNA about 145 kbp Poxviridae / Chordopoxvirinae / Capripoxvirus
Virion 300 x 250 x 200 nm; DNA 160 kbp;

GC content about 40% Poxviridae / Chordopoxvirinae / Leporipoxvirus
Virion 300 x 250 x 200 nm; DNA 146 kbp,
GC content about 33% Poxviridae / Chordopoxvirinae / Yatapoxvirus

Virion ovoid, 450 x 250 nm; host from Coleoptera

Poxviridae / Entomopoxvirinae / Entomopoxvirus A
Virion ovoid, 350 x 250 nm; DNA about 225 kbp;

host from Lepidoptera or Orthoptera Poxviridae / Entomopoxvirinae / Entomopoxvirus B
Virion brick-shaped, 320 x 230 x 110 nm;
DNA > 240 kbp; host from Diptera Poxviridae / Entomopoxvirinae / Entomopoxvirus C

Virion icosahedral with 70 - 100 nm diameter cores; virus multiplies in ticks and swine

“African swine fever-like viruses”
Virion icosahedral; genome circularly permutated and terminally redundant;

multiplies only in poikilothermic animals (Iridoviridae) 26
Virion quasi-spherical with 100 - 110 nm diameter cores;

genome not circularly permutated; multiplies only in vertebrates (Herpesviridae) 30
Host an invertebrate 27
Host a vertebrate 28
Virion 120 nm in diameter Iridoviridae / Iridovirus
Virion 180 nm in diameter Iridoviridae / Chloriridovirus
Host an amphibian Iridoviridae / Ranavirus
Host a fish 29
Virion > 200 nm in diameter Iridoviridae / Lymphocystivirus
Virion < 200 nm in diameter Iridoviridae / “Goldfish virus 1-like viruses”

Reproductive cycle short, spread in culture rapid; infection often induces epithelial
lesions; gene complement characteristic of human herpesvirus 1

Herpesviridae / Alphaherpesvirinae / Simplexvirus
/ Varicellovirus
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3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Reproductive cycle long, spread in culture slow; gene complement characteristic of

human herpesvirus 5

Herpesviridae / Betaherpesvirinae / Cytomegalovirus

/ Muromegalovirus / Roseolovirus

Infection often latent in lymphocytes and may cause lymphoproliferative disease;
gene complement characteristic of human herpesvirus 4
Herpesviridae / Gammaherpesvirinae / Lymphocryptovirus

DNA <30 kbp
DNA > 30 kbp

Virion 45 nm in diameter; DNA about 5 kbp
with proteins encoded on both strands

Virion about 55 nm in diameter; DNA about 8 kbp

with proteins encoded on one strand

Host a fungus
Host a vertebrate

Host a mammal
Host a bird

THE sSSDNA VIRUSES

Host a prokaryote
Host a eukaryote

Virion has helical symmetry
Virion icosahedral

Virion filamentous, 700 - 2000 nm in length
Virion short, rod-shaped, 70 - 280 nm in length

Host an enterobacterium
Host Spiroplasma sp.

Host Bdellovibrio bacteriovorus
Host Chlamydia psittaci

Host a plant
Host not a plant

Genome monopartite; host graminaceous;
vector a leafhopper

Genome monopartite; host dicotyledonous;
vector a leafhopper

Genome mono or bipartite; vector a whitefly

DNA circular
DNA linear

Host a vertebrate
Host an invertebrate

A helper virus (adenovirus or herpesvirus)
needed for productive multiplication
Virus multiplies autonomously

/ Rhadinovirus
(Papovaviridae) 32

33

Papovaviridae / Polyomavirus
Papovaviridae / Papillomavirus

Rhizidiovirus
(Adenoviridae) 34

Adenoviridae /| Mastadenovirus
Adenoviridae /| Aviadenovirus

36
39

(Inoviridae) 37
(Microviridae) 38

Inoviridae / Inovirus
Inoviridae / Plectrovirus

Microviridae / Microvirus
Microviridae / Spiromicrovirus
Microviridae / Bdellomicrovirus
Microviridae / Chlamydiamicrovirus

(Geminiviridae) 40
41
Geminiviridae / “Subgroup I Geminivirus”

Geminiviridae / “Subgroup II Geminivirus”
Geminiviridae / “Subgroup III Geminivirus”

Circoviridae / Circovirus
(Parvoviridae) 42

(Parvoviridae / Parvovirinae) 43
(Parvoviridae / Densovirinae) 45

Parvoviridae / Parvovirinae / Dependovirus
44



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
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DNA contains 2 mRNA promoters Parvoviridae / Parvovirinae / Parvovirus
DNA contains 1 mRNA promoter Parvoviridae / Parvovirinae / Erythrovirus

DNA 6 kb, structural and non-structural proteins

encoded on different strands Parvoviridae / Densovirinae / Densovirus
DNA 5 kb; proteins all encoded on one strand; virion

contains similar amounts of each sense DNA Parvoviridae / Densovirinae / Iteravirus
DNA 4 kb; proteins all encoded on one strand;

virion contains mainly negative sense DNA Parvoviridae / Densovirinae / Contravirus

THE DNA AND RNA REeVERSE TRANSCRIBING VIRUSES

DNA <5 kbp; host a vertebrate (Hepadnaviridae) 47
DNA > 7 kbp; host a plant 48
Virion < 45 nm in diameter; nucleocapsid about

27 nm in diameter; host a mammal Hepadnaviridae / Orthohepadnavirus
Virion > 45 nm in diameter; nucleocapsid

about 35 nm in diameter; host a bird Hepadnaviridae / Avihepadnavirus
Virion bacilliform Badnavirus
Virion icosahedral Caulimovirus
Genome encodes reverse transcriptase; DNA copies integrate in host genome (Retroviridae) 50
Genome does not encode reverse transcriptase; virus genome does not integrate 56
RNA > 8.5 kb 51
RNA <85kb 53
RNA < 10 kb; nucleocapsid bar-shaped or cone-shaped Retroviridae / Lentivirus
RNA > = 10 kb; nucleocapsid not bar- or cone-shaped 52
RNA 10 kb; nucleocapsid spherical and centrally located; gag, pro and pol

encoded in different reading frames Retroviridae / “Mammalian type B retroviruses”
RNA 11 kb; nucleocapsid eccentric; gag, pro and pol

encoded in the same reading frame Retroviridae / Spumavirus
RNA <8 kb; LTR about 350 nt in length 54
RNA 8.3 kb; LTR about 600 nt in length 55
RNA 7.2 kb; gag and pol encoded in the same reading frame;

host a bird Retroviridae / “ Avian type C retroviruses”
RNA 8 kb; gag and pro encoded in different reading frames;

host a mammal Retroviridae / “Type D retroviruses”

gag, pro and pol encoded in the same reading frame;

R sequence in the LTR about 60 nt Retroviridae / “Mammalian type C retroviruses”
pro encoded in a reading frame different from that encoding gag and pol;

R sequence in the LTR >130 nt Retroviridae / “HTLV-BLV retroviruses”
RNA double-stranded 57
RNA single-stranded 77

THE DSRNA VIRUSES
Host a prokaryote Cystoviridae / Cystovirus

Host a eukaryote 58
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58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
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Genome in > 9 segments

(Reoviridae) 59

Genome in < 9 segments 67
Host an animal 60
Host a plant 65
Genome in 10 segments 61
Genome in > 10 segments 63
Virion lacks an outer capsid and is < 70 nm in diameter Reoviridae / Cypovirus
Virion comprises cores and outer capsid and is > 70 nm in diameter 62

Outer capsid distinct; virion sediments at > 600 S
Outer capsid indistinct; virion sediments at < 600 S

Genome in 12 segments
Genome in 11 segments

Virion appears wheel-like; 9 RNA segments are > 2 kbp;

host a mammal or a bird

Virion not wheel-like; 6 RNA segments are > 2 kbp;

host a fish or a shellfish

Genome in 12 segments; virion lacks spikes
Genome in 10 segments; virion bears spikes

Virion 65 - 70 nm in diameter, with an outer capsid
Virion 57 - 65 nm in diameter, lacks an outer capsid

Host an animal
Host not an animal

Host an invertebrate
Host a vertebrate

Host an aquatic animal, usually a fish
Host a bird

No virions are formed in diseased tissue
RNA is encapsidated

Genome monopartite
Genome multipartite

Virion 40 - 43 nm in diameter; host a fungus
Virion < 40 nm in diameter; host a protozoa

RNA > 6 kbp; host Giardia sp.
RNA < 6 kbp; host Leishmania sp.

Host a fungus
Host a plant

Virions 30 - 35 nm in diameter; genome bipartite
Virions 35 - 40 nm in diameter; genome tri- or quadripartite

Virion 30 nm in diameter
Virion 38 nm in diameter

Reoviridae / Orthoreovirus
Reoviridae / Orbivirus

Reoviridae / Coltivirus
64

Reoviridae / Rotavirus
Reoviridae / Aquareovirus

Reoviridae / Phytoreovirus
66

Reoviridae / Fijivirus
Reoviridae / Oryzavirus

(Birnaviridae) 68
70

Birnaviridae / Entomobirnavirus
69

Birnaviridae / Aquabirnavirus
Birnaviridae / Avibirnavirus

Hypoviridae / Hypovirus
71

(Totiviridae) 72
(Partitiviridae) 74

Totiviridae / Totivirus
73

Totiviridae / Giardiavirus
Totiviridae / Leishmaniavirus

75
76

Partitiviridae / Partitivirus
Partitiviridae / Chrysovirus

Partitiviridae /| Alphacryptovirus
Partitiviridae / Betacryptovirus



77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.
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RNA negative sense or ambisense 78
RNA positive sense 96

THE NEGATIVE SENSE SSRN A VIRUSES

RNA circular; productive multiplication is helper virus-dependent Deltavirus
RNA linear 7
Genome monopartite (order Mononegavirales) 80
Genome multipartite 87
Virion filamentous and/or pleomorphic; RNA 18-19 kb Filoviridae / Filovirus
Virion pleomorphic, usually spherical; RNA 15-16 kb (Paramyxoviridae) 81
Virion bullet-shaped or bacilliform, not pleomorphic; RNA 11 to 15 kb (Rhabdoviridae) 84
RNA contains 10 transcriptional elements Paramyxoviridae / Pneumovirinae / Pneumovirus
RNA contains < 10 transcriptional elements (Paramyxoviridae / Paramyxovirinae) 82
Virion lacks a neuraminidase Paramyxoviridae / Paramyxovirinae / Morbillivirus
Virion contains a neuraminidase 83
RNA encodes a C protein Paramyxoviridae / Paramyxovirinae / Paramyxovirus
RNA does not encode a C protein Paramyxoviridae / Paramyxovirinae / Rubulavirus
Host an animal 85
Host a plant 86
RNA about 11 kb; virion assembles by

budding from the plasma membrane Rhabdoviridae / Vesiculovirus
RNA about 12 kb; virion assembles by

budding from intracytoplasmic membranes Rhabdoviridae / Lyssavirus
RNA > 13 kb Rhabdoviridae / Ephemerovirus
Virions accumulate in the cytoplasm Rhabdoviridae / Cytorhabdovirus
Virions accumulate in the perinuclear space Rhabdoviridae / Nucleorhabdovirus
Genome in > 5 segments (Orthomyxoviridae) 88
Genome in < 5 segments 90
Genome in 8 segments Orthomyxoviridae / Influenzavirus A, B
Genome in 7 segments 89
Nucleoprotein Mr 64 x 103 infects only vertebrates Orthomyxoviridae / Influenzavirus C

Nucleoprotein Mr 54 x 103 infects ticks and vertebrates
Orthomyxoviridae / “Thogoto-like viruses”

Virion about 8 nm filaments, host a plant Tenuivirus
Virion not filamentous 91
Genome bipartite; virion contains host ribosomes Arenaviridae / Arenavirus
Genome tripartite; virion does not contain host ribosomes (Bunyaviridae) 92
All RNA segments negative sense 93
S RNA ambisense 95
S RNA <1 kb; S RNA encodes NSS protein + N protein Bunyaviridae / Bunyavirus

S RNA > 1 kb; S RNA encodes only N protein 94
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94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
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L RNA > 10 kb; G2 protein Mr < 50 x 10°
L RNA <10 kb; G2 protein Mr > 50 x 10°

Host an animal
Host a plant

THE PosITIVE SENSE SSRN A VIRUSES

Host a prokaryote
Host a eukaryote

RNA < 4 kb; genome encodes a protein for cell lysis
RNA > 4 kb; genome does not encode a cell lysis protein

No specific virions identified; RNA can be encapsidated

Bunyaviridae / Nairovirus
Bunyaviridae / Hantavirus

Bunyaviridae / Phlebovirus
Bunyaviridae / Tospovirus

(Leviviridae) 97
98

Leviviridae / Levivirus
Leviviridae / Allolevivirus

in heterologous coat protein; host a plant Umbravirus
Virus-specific capsids formed in infected cells 99
Virion not enveloped 100
Virion enveloped 127
Coat protein(s) are expressed by proteolysis of a large (Mr > 100 x 10°) polyprotein 101
Coat protein(s) expressed by translation of a small genome segment or a sub-genomic RNA 112

Host an animal; structural proteins formed from the sequence at
or within about 300 residues of the N-terminus of the polyprotein
Host a plant; structural proteins preceded upstream in the polyprotein

by > 400 residues of non-structural protein

Polyprotein contains a ‘leader’ protein
Polyprotein does not contain a ‘leader’ protein

Virion buoyant density in CsCl < 1.35 g/cm?;
‘leader’ protein is not a protease
Virion buoyant density in CsCl > 1.35 g/cm?,

‘leader’ protein is a protease

(Picornaviridae) 102
106

103
104

Picornaviridae / Cardiovirus

Picornaviridae / Aphthovirus

Virion not stable at acid pH; virion buoyant density in CsCl > 1.35 g/cm?

Virion stable at acid pH; virion buoyant density in CsCl < 1.35 g/cm3

Protein 1A (VP4) small (< 2 kDa) or absent
Protein 1A > 3 kDa

Virion filamentous
Virion isometric

Genome monopartite; vector an aphid
Genome monopartite; vector a mite
Genome genome bipartite; vector a fungus

Genome monopartite
Genome bipartite

Virus transmitted by aphids
Virus phloem-limited, not mechanically transmissible

Picornaviridae / Rhinovirus
105

Picornaviridae / Hepatovirus

Picornaviridae / Enterovirus

(Potyviridae) 107
108

Potyviridae / Potyvirus
Potyviridae / Rymovirus
Potyviridae / Bymovirus

(Sequiviridae) 109
(Comoviridae) 110

Sequiviridae / Sequivirus
Sequiviridae /| Waikavirus



110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.
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Larger RNA species > 7 kb; virion usually contains 1 coat protein
with Mr of about 57 x 10% virus usually transmitted by nematodes

Larger RNA species < 7 kb; virion contains 2 coat proteins

Vector a beetle
Vector an aphid

Host a vertebrate
Host an invertebrate
Host a plant or a fungus

Virion 30 nm or more in diameter and with cup-shaped depressions;

virion contains one structural protein
Virion 30 nm or less in diameter, often appearing star-shaped;
virion contains 2 or 3 structural proteins

Structural protein Mr < 40 x 10°
Structural protein Mr > 60 x 10°

Genome monopartite
Genome bipartite

Virus circulates in the bodies of the vectors
No vector known or transmission non-circulative

Vector a leathopper
Vector an aphid

Virion contains 1 RNA; virus not transmissible mechanically
Virion contains 2 RNA; virus readily transmissible mechanically

Virion isometric or bacilliform
Virion has helical symmetry

Host a fungus; virion bacilliform
Host not a fungus

RNA about 6 kb; coat protein Mr about 20 x 10% vector a beetle
RNA < 5.5 kb; coat protein Mr > 20 x 10

Genome bipartite; virion contains both genome segments
Genome monopartite

Genome multipartite; genome contained in > one virion

Coat protein Mr > 35 x 10
Coat protein Mr < 35 x 10°

RNA 4 kb; coat protein Mr < 40 x 10
RNA > 4 kb; coat protein Mr > 40 x 10°

RNA <4 kb; vector a fungus
RNA > 4 kb; vector an insect

RNA has a VPg at the 5'-end; coat protein Mr 30 x 10
RNA is 5'-capped; coat protein Mr 25 x 10

Genome expressed as a polyprotein, no sub-genomic RNA
are formed in infected cells
Sub-genomic RNA are formed in infected cells

Comoviridae / Nepovirus
111

Comoviridae /| Comovirus
Comoviridae / Fabavirus

113
114
116
Caliciviridae / Calicivirus

Astroviridae / Astrovirus

Nodaviridae / Nodavirus
(Tetraviridae) 115

Tetraviridae / “Nudaurelia capensis B-like viruses”
Tetraviridae / “Nudaurelia capensis o-like viruses”

117
119

Marafivirus
118

Luteovirus
Enamovirus

120
138

Barnaviridae / Barnavirus
121

Tymovirus
122

Dianthovirus
123
134

(Tombusviridae) 124
125

Tombusviridae / Carmovirus
Tombusviridae / Tombusvirus

Necrovirus
126

Sobemovirus
Machlomovirus

(Flaviviridae) 128
130
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128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

RNA > 12 kb; RNA encodes 3 envelope proteins and
1 nucleocapsid protein

RNA < 12 kb; RNA encodes 2 envelope proteins and 1 core protein

RNA > 10 kb; host a vertebrate and often also an invertebrate

RNA < 10 kb; man is the only host

Infected cells contain 1 species of sub-genomic RNA
Infected cells contain > 1 species of sub-genomic RNA

Virion 70 nm in diameter; infects vertebrates and insects
Virion 60 nm in diameter; host a vertebrate

RNA < 20 kb; virion spherical
RNA > 20 kb; virion pleomorphic

Virion spherical or pleomorphic with
club-shaped surface projections

Virion biconcave disk-, kidney- or rod-shaped
with a peplomer-bearing envelope

Genome bipartite; largest RNA > 5 kb
Genome tripartite; largest RNA < 4kb

Virions isometric, sedimenting as 1 component
Virions not isometric, sedimenting as > 1 component

Coat protein Mr about 20 x 10%; virus not aphid-transmitted
Coat protein Mr > 24 x 103 virus aphid-transmitted

Some virions bacilliform; virus aphid-transmitted
Virions slightly pleomorphic; virus not aphid-transmitted

Flaviviridae / Pestivirus
129

Flaviviridae / Flavivirus

Flaviviridae / “Hepatitis C-like viruses”

(Togaviridae) 131
132

Togaviridae / Alphavirus
Togaviridae / Rubivirus

Arterivirus

(Coronaviridae) 133
Coronaviridae / Coronavirus
Coronaviridae / Torovirus

Idaeovirus
(Bromoviridae) 135

136
137

Bromoviridae / Bromovirus
Bromoviridae /| Cucumovirus

Bromoviridae / Alfamovirus
Bromoviridae / Ilarvirus

Virion rod-shaped 139
Virion filamentous 142
Genome monopartite Tobamovirus
Genome multipartite 140
Virion > 20 nm in diameter; vector a nematode Tobravirus
Virion < 20 nm in diameter 141
Some virions > 250 nm in length; largest RNA > 5 kb; vector a fungus Furovirus
Virions < 200 nm long; largest RNA < 5 kb Hordeivirus
Virion > 700 nm in length Closterovirus
Virion < 700 nm in length 143
Virion < 600 nm; coat protein Mr < 25 x 10° Potexvirus
Virion > 600 nm; coat protein Mr > 25 x 10° 144
Virion with prominent banding; genome lacks a triple gene block 145
Virion without obvious banding; genome contains a triple gene block Carlavirus
Replicase and coat protein encoded in the same open reading frame Capillovirus

Non-structural proteins and the coat protein encoded in different open reading frames
Trichovirus
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THE ORDER OF PRESENTATION OF THE VIRUSES

The order of presentation of virus families and genera does not reflect any hierarchical or
phylogenetic classification, but only a convenient order of presentation. Since a taxonomic
structure above the level of family or genus has not been developed, (with the exception of
the order Mononegavirales) any sequence of listing must be arbitrary. The order of presenta-
tion of virus families and genera follows four criteria: (i) the nature of the viral genome, (ii)
the strandedness of the viral genome, (iii) the fact that some viruses are reverse transcribed,
and (iv) the polarity of the virus genome. As there are no known ssDNA, nor dsRNA
reverse transcribed viruses, and there are negative sense viruses only for ssRNA viruses,
these four criteria give rise to seven clusters comprising the 51 families and 24 genera of
viruses. Inaddition, subviral agents, namely the satellites, viroids and agents of spongiform
encephalopathies (prions) are included, in most cases without official taxonomic status.
Finally, a list of unassigned viruses is provided.
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Order

Family Subfamily Genus

Type Species

Host

Page

Myoviridae "T4-like phages"] coliphage T4 Bacteria 51
Siphoviridae "A-like phages" coliphage A Bacteria 55
Podoviridae "T7-like phages" coliphage T7 Bacteria 60
Tectiviridae Tectivirus enterobacteria phage PRD1 Bacteria 64
Corticoviridae Corticovirus Alteromonas phage PM2 Bacteria 67
Plasmaviridae Plasmavirus Acholeplasma phage L2 Mycoplasma 70
Lipothrixviridae  Lipothrixvirus Thermoproteus virus 1 Bacteria 73
Fuselloviridae Fusellovirus Sulfolobus virus 1 Bacteria 76
Poxviridae 79
Chordopoxvirinae 83
Orthopoxvirus vaccinia virus Vertebrates 83

Parapoxvirus orf virus Vertebrates 84

Avipoxvirus fowlpox virus Vertebrates 85

Capripoxvirus sheeppox virus Vertebrates 85

Leporipoxvirus myxoma virus Vertebrates 86

Suipoxvirus swinepox virus Vertebrates 86

Molluscipoxvirus Molluscum contagiosum virus Vertebrates 87

Yatapoxvirus Yaba monkey tumor virus Vertebrates 87

Entomopoxvirinae 88
Entomopoxvirus A Melolontha melolontha entomopoxvirus Invertebrates 88

Entomopoxvirus B Amsacta moorei entomopoxvirus Invertebrates 89

Entomopoxvirus C Chironomus luridus entomopoxvirus Invertebrates 89

"African swine fever-like viruses" African swine fever virus Vertebrates? 92

1 Quotes are used to denote taxa without ICTV international approved names.
2 Vertebrate arthropod-borne viruses are listed according to their vertebrate hosts.
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Family Subfamily Genus Type Species Host Page
Iridoviridae 95
Iridovirus Chilo iridescent virus Invertebrates 96
Chloriridovirus mosquito iridescent virus Invertebrates 97
Ranavirus frog virus 3 Vertebrates 97
Lymphocystivirus flounder virus Vertebrates 97
"Goldfish virus 1-like viruses” goldfish virus 1 Vertebrates 98
Phycodnaviridae  Phycodnavirus Paramecium bursaria Chlorella virus 1~ Algae 100
Baculoviridae 104

Nucleopolyhedrovirus Autographa californica nucleopolyhedrovirus
Invertebrates 107
Granulovirus Plodia interpunctella granulovirus Invertebrates 111
Herpesviridae 114
Alphaherpesvirinae 119
Simplexvirus human herpesvirus 1 Vertebrates 119
Varicellovirus human herpesvirus 3 Vertebrates 120
Betaherpesvirinae 121
Cytomegalovirus human herpesvirus 5 Vertebrates 121
Muromegalovirus mouse cytomegalovirus 1 Vertebrates 122
Roseolovirus human herpesvirus 6 Vertebrates 122
Gammaherpesvirinae 123
Lymphocryptovirus human herpesvirus 4 Vertebrates 123
Rhadinovirus ateline herpesvirus 2 Vertebrates 123
Adenoviridae 128
Mastadenovirus human adenovirus 2 Vertebrates 131
Aviadenovirus fowl adenovirus 1 Vertebrates 132
Rhizidiovirus Rhizidiomyces virus Fungi 134
Papovaviridae 136
Polyomavirus murine polyomavirus Vertebrates 140
Papillomavirus cottontail rabbit papillomavirus (Shope) Vertebrates 141
Polydnaviridae 143
Ichnovirus Campoletis sonorensis virus Invertebrates 144
Bracovirus Cotesia melanoscela virus Invertebrates 145
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Order

Family Subfamily Genus

Type Species

Host

Page

Inoviridae 148
Inovirus coliphage fd Bacteria 150

Plectrovirus Acholeplasma phage L51 Mycoplasma 151

Microviridae 153
Microvirus coliphage $X174 Bacteria 155

Spiromicrovirus Spiroplasma phage 4 Spiroplasma 156

Bdellomicrovirus Bdellovibrio phage MAC1 Bacteria 156
Chlamydiamicrovirus Chlamydia phage 1 Bacteria 157

Geminiviridae 158
"Subgroup I Geminivirus" maize streak virus Plants 159

"Subgroup Il Geminivirus " beet curly top virus Plants 160

"Subgroup III Geminivirus " bean golden mosaic virus Plants 161

Circoviridae Circovirus chicken anemia virus Vertebrates 166
Parvoviridae 169
Parvovirinae 173
Parvovirus mice minute virus Vertebrates 174

Erythrovirus B19 virus Vertebrates 174

Dependovirus adeno-associated virus 2 Vertebrates 175

Densovirinae 176
Densovirus Junonia coenia densovirus Invertebrates 176

Iteravirus Bombyx mori densovirus Invertebrates 176

Contravirus Aedes aegypti densovirus Invertebrates 177
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Order

Family Subfamily Genus

Type Species

Host

Page

Hepadnaviridae 179
Orthohepadnavirus hepatitis B virus Vertebrates 183
Avihepadnavirus duck hepatitis B virus Vertebrates 184
Badnavirus Commelina yellow mottle virus Plants 185
Caulimovirus cauliflower mosaic virus Plants 189
Retroviridae 193
"Mammalian type B retroviruses” mouse mammary tumor virus Vertebrates 196
"Mammalian type C retroviruses” murine leukemia virus Vertebrates 197
"Avian type C retroviruses” avian leukosis virus Vertebrates 198
"Type D retroviruses" Mason-Pfizer monkey virus Vertebrates 199
"BLV-HTLV retroviruses" bovine leukemia virus Vertebrates 200
Lentivirus human immunodeficiency virus 1 Vertebrates 201
Spumavirus human spumavirus Vertebrates 203
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Order
Family Subfamily Genus Type Species Host Page

Cystoviridae Cystovirus Pseudomonas phage $6 Bacteria 205
Reoviridae 208
Orthoreovirus reovirus 3 Vertebrates 210
Orbivirus bluetongue virus 1 Vertebrates 214
Rotavirus simian rotavirus SA1l Vertebrates 219
Coltivirus Colorado tick fever virus Vertebrates 223
Aquareovirus golden shiner virus Vertebrates 225
Cypovirus Bombyx mori cypovirus 1 Invertebrates 227
Fijivirus Fiji disease virus Plants 232
Phytoreovirus wound tumor virus Plants 234
Oryzavirus rice ragged stunt virus Plants 237
Birnaviridae 240
Agquabirnavirus infectious pancreatic necrosis virus Vertebrates 242
Avibirnavirus infectious bursal disease virus Vertebrates 242
Entomobirnavirus Drosophila X virus Invertebrates 243
Totiviridae 245
Totivirus Saccharomyces cerevisiae virus L-A Fungi 245
Giardiavirus Giardia lamblia virus Protozoa 248
Leishmaniavirus Leishmania RNA virus 1-1 Protozoa 249
Partitiviridae 253
Partitivirus Gaeumannomyces graminis virus 019/6-A  Fungi 254
Chrysovirus Penicillium chrysogenum virus Fungi 255
Alphacryptovirus white clover cryptic virus 1 Plants 257
Betacryptovirus white clover cryptic virus 2 Plants 258

Hypoviridae Hypovirus Cryphonectria hypovirus 1-EP713 Fungi 261
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Order

Family Subfamily Genus

Type Species

Host

Page

Mononegavirales 265
Paramyxoviridae 268
Paramyxovirinae 271
Paramyxovirus human parainfluenza virus 1 Vertebrates 271

Morbillivirus measles virus Vertebrates 271

Rubulavirus mumps virus Vertebrates 272

Pneumovirinae 273
Prneumovirus human respiratory syncytial virus Vertebrates 273

Rhabdoviridae 275
Vesiculovirus vesicular stomatitis Indiana virus Vertebrates 274

Lyssavirus rabies virus Vertebrates 281

Ephemerovirus bovine ephemeral fever virus Vertebrates 282

Cytorhabdovirus lettuce necrotic yellows virus Plants 283

Nucleorhabdovirus potato yellow dwarf virus Plants 284

Filoviridae 289
Filovirus Marburg virus Vertebrates 289

Orthomyxoviridae 293
Influenzavirus A, B influenza A virus Vertebrates 296

Influenzavirus C influenza C virus Vertebrates 297

"Thogoto-like viruses” Thogoto virus Vertebrates 298

Bunyaviridae 300
Bunyavirus Bunyamwera virus Vertebrates 304

Hantavirus Hantaan virus Vertebrates 308

Nairovirus Nairobi sheep disease virus Vertebrates 309

Phlebovirus sandfly fever Sicilian virus Vertebrates 311

Tospovirus tomato spotted wilt virus Plants 313

Tenuivirus rice stripe virus Plants 316

Arenaviridae Arenavirus lymphocytic choriomeningitis virus Vertebrates 319
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Order

Family Subfamily Genus

Type Species

Host

Page

Leviviridae 324
Levivirus enterobacteria phage MS2 Bacteria 325
Allolevivirus enterobacteria phage Qp Bacteria 326
Picornaviridae 329
Enterovirus poliovirus 1 Vertebrates 332
Rhinovirus human rhinovirus 1A Vertebrates 333
Hepatovirus hepatitis A virus Vertebrates 333
Cardiovirus encephalomyocarditis virus Vertebrates 334
Aphtovirus foot-and-mouth disease virus O Vertebrates 334
Sequiviridae 337
Sequivirus parsnip yellow fleck virus Plants 338
Waikavirus rice tungro spherical virus Plants 339
Comoviridae 341
Comovirus cowpea mosaic virus Plants 343
Fabavirus broad bean wilt virus 1 Plants 344
Nepovirus tobacco ringspot virus Plants 345
Potyviridae 348
Potyvirus potato virus Y Plants 350
Rymovirus ryegrass mosaic virus Plants 355
Bymovirus barley yellow mosaic virus Plants 356
Caliciviridae Calicivirus vesicular exanthema of swine virus Vertebrates 359
Astroviridae Astrovirus human astrovirus 1 Vertebrates 364
Nodaviridae Nodavirus Nodamura virus Invertebrates 368
Tetraviridae 372
"Nudaurelia capensis B-like viruses"
Nudaurelia capensis B virus Invertebrates 374
"Nudaurelia capensis w-like viruses”
Nudaurelia capensis ® virus Invertebrates 374
Sobemovirus Southern bean mosaic virus Plants 376
Luteovirus barley yellow dwarf virus Plants 379
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Order .

Family Subfamily Genus Type Species Host Page
Enamovirus pea enation mosaic virus Plants 384

Umbravirus carrot mottle virus Plants 388

Tombusviridae 392
Tombusvirus tomato bushy stunt virus Plants 394

Carmovirus carnation mottle virus Plants 395

Necrovirus tobacco necrosis virus Plants 398

Dianthovirus carnation ringspot virus Plants 401

Machlomovirus maize chlorotic mottle virus Plants 404

Coronaviridae 407
Coronavirus avian infectious bronchitis virus Vertebrates 409

Torovirus Berne virus Vertebrates 410

Arterivirus equine arteritis virus Vertebrates 412

Flaviviridae 415
Flavivirus yellow fever virus Vertebrates 416

Pestivirus bovine diarrhea virus Vertebrates 421

"Hepatitis C-like viruses" hepatitis C virus Vertebrates 424

Togaviridae 428
Alphavirus Sindbis virus Vertebrates 431

Rubivirus rubella virus Vertebrates 432

Tobamovirus tobacco mosaic virus Plants 434

Tobravirus tobacco rattle virus Plants 438

Hordeivirus barley stripe mosaic virus Plants 441

Furovirus soil-borne wheat mosaic virus Plants 445

Bromoviridae 450
Alfamovirus alfalfa mosaic virus Plants 453

Harvirus tobacco streak virus Plants 453

Bromovirus brome mosaic virus Plants 454

Cucumovirus cucumber mosaic virus Plants 455
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Order
Family Subfamily Genus Type Species Host Page
Idaeovirus rasberry bushy dwarf virus Plants 458
Closterovirus beet yellows virus Plants 461
Capillovirus apple stem grooving virus Plants 465
Trichovirus apple chlorotic leaf spot virus Plants 468
Tymovirus turnip yellow mosaic virus Plants 471
Carlavirus carnation latent virus Plants 475
Potexvirus potato virus X Plants 479
Barnaviridae Barnavirus mushroom bacilliform virus Fungi 483
Marafivirus maize rayado fino virus Plants 485

Satellites tobacco necrosis virus satellite Plants 487
Vertebrates
Invertebrates
Fungi
Deltavirus hepatitis delta virus Vertebrates 493
Viroids potato spindle tuber viroid Plants 495

Prions scrapie agent Vertebrates 498
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TAILED PHAGES

Tailed phages are an extremely large and differentiated group of viruses. About 4,000
descriptions have been published. Three families are distinguished by tail structure; most
data on replication have been derived from a few well-studied viruses.

TAXONOMIC STRUCTURE

Tailed Phages

Family Myoviridae

Family Siphoviridae
Family Podoviridae

VIRION PROPERTIES

MORPHOLOGY

Virions consist of a head (capsid), a tail, and fixation organelles. They have no envelope.
Heads are isometric or elongated and are icosahedra or derivatives thereof (proposed
triangulation numbers T=1, T=7, T=9, T=12, T=13, T=16). Capsomers are seldom visible and
heads usually appear smooth and thin-walled (2-3 nm). Estimated capsomer numbers vary
between 17 and 812. Isometric heads are 45-170 nm in diameter. Elongated heads derive
fromicosahedra by addition of rows of capsomers and are bipyramidal antiprisms up to 230
nm long. The DNA forms a tightly packed coil inside the phage head. Tails are long and
contractile, long and noncontractile, or short. They are helical or consist of stacked disks of
subunits, varying between 3 and 570 nm in length, and are usually equipped with base
plates, spikes, or terminal fibers. Some phages have collars, head or collar appendages,
transverse tail disks, or other attachments.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr ranges from 29 to 470 x 105; S, is 226-1230. Both values may be higher, as the
largest phages have not been studied in this respect. Buoyant density in CsCl is about 1.49
g/cm’. Most tailed phages are stable at pH 5-9; a few resist pH 2 or pH 11. Heat sensitivity
is variable and resembles that to the host. Many phages are inactivated by heating at 56-60°
Cfor 30 min. Tailed phages are rather resistant to UV irradiation. Heat and UV inactivation
generally follow first-order kinetics. Many tailed phages are ether- and chloroform-
sensitive. Inactivation by nonionic detergents is variable and partly concentration-depen-
dent.

NucLEIC AcID

Virions contain one molecule of linear dsSDNA. Genome sizes range from 19 to about 700
kbp, corresponding to Mr values of 11-490 x 10°. Relative DNA content is about 45%. G+C
content ranges between 27 and 72% and usually resembles that of host DNA. The DNA of
many viruses has particular features such as circular permutation, terminal repeats, cohe-
sive ends, proteins covalently linked to 5'-termini, fragments of host DNA attached to the
ends of the phage genome, single-stranded interruptions, unusual bases which partially or
completely replace normal nucleotides (e.g. 5-hydroxy-methylcytosine), or are glycosylated
or associated with internal proteins or basic polyamines. The DNA of only six viruses has
been fully sequenced (T7, P2, A, L5, 629, PZA). Nucleotide sequence data are available from
GenBank.

PrROTEINS

The number of structural proteins varies between 7 and 42. The Mr range is 4-200 x 10°.
Lysozyme is located at the tail tip; the spikes of some capsule-specific phages have

endoglycosidase activity. A few exceptional phages contain transcriptases, dihydrofolate
reductase, or thymidylate synthetase.
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LiriDs

Most virions contain no lipid. Up to 15% lipid has been found in a few phages of
mycobacteria; its presence in others is doubtful.

CARBOHYDRATES

Glycoproteins, glycolipids, hexosamine, and a polysaccharide have been found in indi-
vidual phages.

GENOME ORGANIZATION AND REPLICATION

Detailed functional genetic maps are available for 10 phages only. They show evidence for
considerable gene rearrangement during evolution and few common features. Genes with
related functions tend to cluster together. The number of genes varies between 17 and >100.
Genomes seem to consist of interchangeable gene blocks or “modules”.

Virions adsorb tail first to specific receptors located on the cell wall, capsule, flagella, or pili
of bacteria. In some phages, the cell wall is digested by phage lysozyme. Phage DNA enters
the cytoplasm by as yet unknown mechanisms. Phages are virulent or temperate and
present several strategies of replication:

1. In virulent phages, infection normally results in production of progeny phages and
destruction of the host; however, persistent infections exist. The infecting DNA remains
linear.

2. In temperate phages, the infecting DNA is replicated and the infecting DNA becomes
latent within the host (prophage state) or, alternatively, is replicated and prophages are
produced. Prophage DNA must be activated (derepressed) before replication. Hosts are
lysogenized in several ways.

The infecting DNA:

a. Circularizes and integrates into the host genome at a specific site, at several sites, or at
random.

b. Circularizes and persists in the cytoplasm as a plasmid.

c. Remains linear and integrates into host DNA at random.

Gene expression is largely time-ordered and sequential. “Early” genes are involved into
DNA replication and integration. “Late” genes mainly specify structural proteins. In most
species, transcription depends fully on host polymerases. DNA replication generally starts
at fixed sites, is semiconservative and bidirectional or unidirectional. It usually results in
the formation of multimeric DNA molecules or concatemers. Translational control is poorly
understood and no generalizations are possible with the present state of knowledge.
Particle assembly is complex and includes separate pathways for each phage part (head,
tail, fibers). Head assembly starts with a prohead stage at the periphery of the nucleoplasm.
Phage DNA is cut to size and enters preformed capsids. Some phages form intracellular
arrays. Progeny phages are liberated by lysis of the host cell. Many phages produce
aberrant structures (polyheads, polytails, giant, multitailed, or misshapen particles).

ANTIGENIC PROPERTIES

Viruses are antigenically complex and efficient immunogens, inducing the formation of
neutralizing and complement-fixing antigens. The existence of group antigens is likely.

BioLoGicAL PROPERTIES

Host RANGE

Tailed phages have been found in over 100 genera of eubacteria and archaebacteria. They
are usually host genus-specific. Enterobacterial phages are specific for the family
Enterobacteriaceae. Some species have a world-wide distribution.
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MYOVIRIDAE

DISTINGUISHING FEATURES

Tails are contractile, more or less rigid, long and relatively thick (80-455 x 16-20 nm). They
are complex, consisting of a central core surrounded by a contractile sheath, which is
separated from the head by a neck. During contraction, sheath subunits slide over each
other and the sheath becomes shorter and thicker. This brings the tail core in contact with
the bacterial plasma membrane and is an essential stage of infection. With respect to other
tailed phages, myoviruses tend to have larger heads and higher particle weights and DNA
contents, and seem to be more sensitive to freezing and thawing and to osmotic shock.

T AXONOMIC STRUCTURE OF THE FAMILY

GENUS

Type Species

Family Myoviridae
Genus “T4 -like phages”

“T4-1L1KE PHAGES”

coliphage T4 (T4)

VIRION PROPERTIES

MORPHOLOGY

Phage heads are elongated, pentagonal bipyramidal antiprisms, measure about 111 x 78 nm,
and consist of 152 capsomers (T=13). Tails measure 113 x 16 nm and have a collar, a base
plate, 6 short spikes and 6 long fibers.

Figure 1: (left) Coliphage T4 in surface view (tail extended) and section (tail contracted). (From Ackermann H-
W, DuBow MS (1987), with permission). (right) Negative contrast electron micrograph of coliphage T4, stained
with uranyl acetate. Bars represent 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is 210 x 10%, S, is about 1030; buoyant density in CsCl is 1.51 g/cm?. Infectivity
is ether and chloroform resistant.
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NucLEic AcID

Genomes have an Mr of about 175 x 10, corresponding to 48% of particle weight, contain 5-
hydroxymethylcytosine (HMC) instead of thymine, have a G+C content of 35%, and are
glycosylated, circularly permuted, and terminally redundant.

PROTEINS

Particles contain at least 42 polypeptides (Mr 8-155 x 10%), including 1,600-2,000 copies of the
major capsid protein (Mr 43 x 10%; 3 proteins are located inside the head. Various enzymes
are present, e.g. dehydrofolate reductase and lysozyme. ATP is present in the tail.

LiriDs

None reported.

CARBOHYDRATES

Glucose is covalently linked to HMC in phage DNA. Gentobiose may be present.

GENOME ORGANIZATION AND REPLICATION

The genome is circular and includes 150-160 genes. Morphopoietic genes generally cluster
together, but the whole genome appears disorganized, suggesting extensive translocation
of genes during evolution. Phage adsorb to the cell wall and initiate a virulent infection.
The host chromosome breaks down and viral DNA replicates as a concatemer, giving rise to
forked replicative intermediates. Heads, tails, and tail fibers are assembled by 3 different
pathways. Aberrant head structures (polyheads, isometric heads) are frequent.
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Figure 2: Simplified genetic map of coliphage T4 showing clustering of genes with related functions, location of
essential genes (solid bars), and directionand origin of transcripts (arrows). (From Freifelder D (1983). Molecular
Biology. Science Books International, Boston, and Van Nostrand Reynolds, New York, p 614, with permission).
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ANTIGENIC PROPERTIES

A group antigen and antigens defining 8 subgroups have been identified by complement
fixation.

B10LOGICAL PROPERTIES
Phages are specific for enterobacteria.

LisT OF SPECIES IN THE GENUS
The viruses and their assigned abbreviations ( ) are:
SPECIES IN THE GENUS

The genus includes a large number of isolates of uncertain taxonomic status; these are either
strains of the coliphage T4 species or represent independent species:

Aeromonas phage 44RR2.8t (44RR2.8t)
Aeromonas phage 65 (65)
Aeromonas phage Aehl (Aehl)
coliphage T2 (T2)
coliphage T4 (T4)
coliphage T6 (T6)
enterobacteria phage C16 (C16)
enterobacteria phage DdVI (DAVI)
enterobacteria phage PST (PST)
enterobacteria phage SMB (SMB)
enterobacteria phage SMP2 (SMP2)
enterobacteria phage ol (o1)
enterobacteria phage 3 (3)
enterobacteria phage 3T+ (3T+)
enterobacteria phage 9/0 (9/0)
enterobacteria phage 11F (11F)
enterobacteria phage 50 (50)
enterobacteria phage 66F (66F)
enterobacteria phage 5845 (5845)
enterobacteria phage 8893 (8893)
(and many other enterobacteria phages not well characterized).

Vibrio phage nt-1 (nt-1)

TENTATIVE SPECIES IN THE GENUS

None reported.

LisT oF UNASSIGNED SPECIES IN THE FAMILY

Actinomycetes phage SK1 (SK1)
Actinomycetes phage 108/016 (108/016)
Aeromonas phage Aeh2 (Aeh2)
Aeromonas phage 29 (29)
Aeromonas phage 37 (37)
Aeromonas phage 43 (43)
Aeromonas phage 51 (51)
Aeromonas phage 59.1 (59.1)
Agrobacterium phage PIIBNV6 (PIIBNV6)
Alcaligenes phage A6 (A6)
Bacillus phage G (G)
Bacillus phage MP13 (MP13)

Bacillus phage PBS1 (PBS1)
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Bacillus phage SP3 (SP3)
Bacillus phage SP8 (SP8)
Bacillus phage SP10 (SP10)
Bacillus phage SP15 (SP15)
Bacillus phage SP50 (SP50)
Bacillus phage SPy-2 (SPy-2)
Bacillus phage SST (SST)
Clostridium phage HM3 (HM3)
Clostridium phage CES (CEB)
coryneforms phage A19 (A19)
cyanobacteria phage AS-1 (AS-1)
cyanobacteria phage N1 (N1)
cyanobacteria phage S-6(L) (S-6(L))
enterobacteria phage Beccles (Beccles)
enterobacteria phage FC3-9 (FC3-9)
enterobacteria phage K19 (K19)
enterobacteria phage Mu (Mu)
enterobacteria phage 01 (01)
enterobacteria phage P1 (P1)
enterobacteria phage P2 (P2)
enterobacteria phage Vil (Vil)
enterobacteria phage ¢92 (992)
enterobacteria phage 121 (121)
enterobacteria phage 16-19 (16-19)
enterobacteria phage 9266 (9266)
Lactobacillus phage fri (fri)
Lactobacillus phage hv (hv)
Lactobacillus phage hw (hw)
Lactobacillus phage 222a (222a)
Listeria phage 4211 (4211)
mollicutes phage Brl (Brl)
Mycobacterium phage I3 (I3)
Pasteurella phage AU (AU)
Pseudomonas phage PB-1 (PB-1)
Pseudomonas phage PP8 (PP8)
Pseudomonas phage PS17 (PS17)
Pseudomonas phage 6KZ (0KZ)
Pseudomonas phage ¢W-14 (6W-14)
Pseudomonas phage 61 (61)
Pseudomonas phage 125 (129)
Rhizobium phage CM, (™M)
Rhizobium phage CT4 (CT4)
Rhizobium phage m (m)
Rhizobium phage WT1 (WT1)
Rhizobium phage ¢gal-1-R (¢gal-1-R)
Staphylococcus phage Twort (Twort)
Xanthomonas phage XP5 (XP5)
Vibrio phage kappa (kappa)
Vibrio phage 06N-22P (06N-22P)
Vibrio phage VP1 (VP1)
Vibrio phage X29 (X29)

Vibrio phage I (II)
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FaMmiLy SIPHOVIRIDAE

DiSTINGUISHING FEATURES

Virions have long, noncontractile, thin tails (65?-570 x 7-10 nm) which are often flexible.
Tails are helical or built of stacked disks of subunits.

TAXONOMIC STRUCTURE OF THE FAMILY

Family Siphoviridae
Genus “A-like phages”

GENUS “\-LIKE PHAGES”
Type Species  coliphage A )
VIRION PROPERTIES

MORPHOLOGY

Phage heads are isometric, measure about 60 nm in diameter, and consist of 72 capsomers
(T=7). Tails are flexible, measure 150 x 8 nm, and have short terminal and subterminal
fibers.

Figure 1: (left) Coliphage A in surface view and section. (right) Negative contrast electron micrograph of
coliphage A stained with uranyl acetate. Bars represent 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is about 60 x 10 S, is about 390; buoyant density in CsCl is 1.50 g/cm’.
Infectivity is ether-resistant.

NucLeic Acip

Genomes are about 48.5 kbp in size, corresponding to 54% of particle weight, have G+C
contents of 52% and cohesive ends, and are nonpermuted.
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PROTEINS

Virions contain 9 structural proteins (Mr 17-130 x 10%), including 420 copies each of major
capsid proteins D and E (Mr 38 and 53 x 10°).

Lirips AND CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

The genome is linear and includes about 50 genes. Related functions cluster together.
Phages adsorb to the cell wall and initiate a temperate infection. The infecting DNA
circularizes and integrates into the host genome, generally at a preferred site, or is involved
directly, without integration, in replication and transcription. Bidirectional DNA replica-
tion as a ® structure is followed by unidirectional replication via a rolling-circle mechanism.
There is no breakdown of host DNA. Heads and tails assemble by 2 separate pathways.
Proheads are frequent in lysates.

Lysis Maturation

&
Late Head '
control SR A w synthesis

Q
DNA
synthesis l
P
0]
Repression
cro
cl
Early
controi N
Tail
R chi synthesis
epression
red
Recomblnatlon\
Excision :rk
integration b2

Figure 2: Simplified genetic map of coliphage A. Solid lines indicate non-essential regions. (From Freifelder D
(1983) Molecular Biology. Science Books International, Boston, and Van Nostrand Reynolds, New York, p 639,
with permission).

BioLoGICAL PROPERTIES

Phages are specific for enterobacteria.

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ ] and assigned abbreviations ()
are:
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SPECIES IN THE GENUS

coliphage A [V00636] (A)
The genus includes several isolates, called:

lambdoid phage HK97 (HK97)
lambdoid phage HK022 (HK022)
lambdoid phage PA-2 (PA-2)
lambdoid phage ®D328 (®D328)
lambdoid phage 280 (280)

PA-2 and ¢80 may represent independent species.
TENTATIVE SPECIES IN THE GENUS

None reported.

LisT oF UNASSIGNED SPECIES IN THE FAMILY

Actinomycetes phage Al-Dat (Al-Dat)
Actinomycetes phage Bir (Bir)
Actinomycetes phage M, M)
Actinomycetes phage MSP8 (MSP8)
Actinomycetes phage P-a-1 (P-a-1)
Actinomycetes phage R, (R)
Actinomycetes phage R, R)
Actinomycetes phage SV2 (SV2)
Actinomycetes phage VP5 (VP5)
Actinomycetes phage ¢C Q)
Actinomycetes phage ¢31C (¢31C)
Actinomycetes phage 6UW21 (6UW21)
Actinomycetes phage ¢115-A (9115-A)
Actinomycetes phage ¢150A (¢150A)
Actinomycetes phage 119 (119)
Agrobacterium phage PS8 (PS8)
Agrobacterium phage PT11 (PT11)
Agrobacterium phage y (v)
Alcaligenes phage 8764 (8764)
Alcaligenes phage A5/A6 (A5/A6)
Bacillus phage o (o)
Bacillus phage BLE (BLE)
Bacillus phage IPy-1 (IPy-1)
Bacillus phage morl (mor1)
Bacillus phage MP15 (MP15)
Bacillus phage PBP1 (PBP1)
Bacillus phage SPP1 (SPP1)
Bacillus phage SPB (SPB)
Bacillus phage type F (type F)
Bacillus phage $105 (9105)
Bacillus phage 1A (1A)
Bacillus phage II (IT)
Clostridium phage F1 (F1)
Clostridium phage HM7 (HM?)
coryneforms phage B)
coryneforms phage ¢A8010 (¢A8010)
coryneforms phage A (A)
coryneforms phage Arp (Arp)
coryneforms phage BL3 (BL3)
coryneforms phage CONX (CONX)

coryneforms phage MT MT)



58  SIPHOVIRIDAE

cyanobacteria phage S-2L (S-2L)
cyanobacteria phage S-4L (S-4L)
enterobacteria phage 4 (B4)
enterobacteria phage H-19J (H-19))
enterobacteria phage Jersey (Jersey)
enterobacteria phage T5 (T5)
enterobacteria phage Vill (Vill)
enterobacteria phage ¥, ()
enterobacteria phage ZG/3A (ZG/3A)
Lactobacillus phage 1b6 (1b6)
Lactobacillus phage 223 (223)
Lactobacillus phage ¢FSW (6FSW)
Lactobacillus phage PL-1 (PL-1)
Lactobacillus phage y5 (y5)
Lactococcus phage 936 (936)
Lactococcus phage 949 (949)
Lactococcus phage 1358 (1358)
Lactococcus phage 1483 (1483)
Lactococcus phage BK5-T (BK5-T)
Lactococcus phage c2 (c2)
Lactococcus phage PO87 (PO87)
Lactococcus phage P107 (P107)
Lactococcus phage P335 (P335)
Leuconostoc phage pro2 (pro2)
Listeria phage 2389 (2389)
Listeria phage 2671 (2671)
Listeria phage 2685 (2685)
Listeria phage H387 (H387)
Micrococcus phage N1 (N1)
Micrococcus phage N5 (N5)
Mycobacterium phage lacticola (lacticola)
Mycobacterium phage Leo (Leo)
Mycobacterium phage R1-Myb (R1-Myb)
Pasteurella phage 32 (32)
Pasteurella phage C-2 (C-2)
Pseudomonas phage D3 (D3)
Pseudomonas phage Kf1 (Kf1)
Pseudomonas phage M6 (Meé)
Pseudomonas phage PS4 (PsS4)
Pseudomonas phage SD1 (SD1)
Rhizobium phage NM1 (NM1)
Rhizobium phage NT2 (NT2)
Rhizobium phage ¢2037/1 (92037/1)
Rhizobium phage 5 (5)
Rhizobium phage 7-7-7 (7-7-7)
Rhizobium phage 16-2-12 (16-2-12)
Rhizobium phage 317 (317)
Staphylococcus phage 3A (3A)
Staphylococcus phage 77 (77)
Staphylococcus phage 107 (107)
Staphylococcus phage 187 (187)
Staphylococcus phage 2848A (2848A)
Staphylococcus phage B11-M15 (B11-M15)
Streptococcus phage 24 (24)
Streptococcus phage A25 (A25)

Streptococcus phage PE1 (PE1)



Streptococcus phage VD13
Streptococcus phage ©8
Vibrio phage a:3a

Vibrio phage IV

Vibrio phage OXN-52P
Vibrio phage VP3

Vibrio phage VP5

Vibrio phage VP11
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(VD13)
(8)

(o3a)

v)
(OXN-52P)
(VP3)
(VP5)
(VP11)
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FAMILY

PODOVIRIDAE

DISTINGUISHING FEATURES

Virions have short, noncontractile tails about 20 x 8 nm in dimension.

TAXONOMIC STRUCTURE OF THE FAMILY

GENUS

Type Species

Family Podoviridae
Genus “T7-like Phages”

“T7-LIKE PHAGES”

coliphage T7 (T7)

VIRION PROPERTIES

MORPHOLOGY

Phage heads are isometric, measure about 60 nm in diameter, and consist of 72 capsomers
(T=7). Tails measure 17 x 8 nm and have 6 short fibers.

Figure 1: (left) Coliphage T7 in surface view and section. (Modified from Eiserling FA (1979) Bacteriophage
structure. In: Fraenkel-Conrat H, Wagner RR (eds) Comprehensive Virology Vol 13. Plenum Press, New York,
p. 553, with permission). (right) Negative contrast electron micrograph of coliphage T7; stained with
phosphotungstate. Bars represent 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is about 48 x 10% S, is about 510; buoyant density in CsCl is 1.50 g/cm?.
Infectivity is ether and chloroform resistant.

NucLeic Acip

Genomes are about 40 kbp in size, corresponding to 50% of particle weight, have G+C
contents of 50%, and are nonpermuted and terminally redundant.

PROTEINS

Particles contain about 12 proteins (Mr 13-150 x 10%), including about 40 copies of major
capsid proteins (Mr 38 x 10°); 3 proteins are located inside the head.
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LiriDs
None reported.
CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

The genetic map is linear and codes for about 50 genes. Related functions cluster together.
Phages adsorb to the cell wall and initiate a virulent infection with breakdown of the host
chromosome. The viral DNA forms concatemers during replication. Tails assemble on
preformed heads. Irregular polyheads are frequently observed.
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Figure 2: Simplified genetic map of coliphage T7. (Redrawn after Freifelder D (1983) Molecular Biology. Science
Books International).

BioLocGicAL PROPERTIES

Phages are specific for enterobacteria.

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ | and assigned abbreviations ()
are:

SPECIES IN THE GENUS

The genus includes a number of isolates which may or may not represent independent

species:

coliphage T7 [V01146] (T7)
enterobacteria phage H (H)
enterobacteria phage PTB (PTB)
enterobacteria phage R (R)
enterobacteria phage T3 (T3)
enterobacteria phage W31 (W31)
enterobacteria phage Y (Y)
enterobacteria phage ol (ol)
enterobacteria phage oIl (olI)
Pseudomonas phage gh-1 (gh-1)
Rhizobium phage 2 (2)
Vibrio phage III (IIT)

TENTATIVE SPECIES IN THE GENUS

None reported.
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List oF UNASSIGNED SPECIES IN THE FAMILY

Bacillus phage GA-1 (GA-1)
Bacillus phage ¢29 (929)
Brucella phage Tb (Tb)
Clostridium phage HM2 (HM2)
coryneforms phage AN255-1 (AN255-1)
coryneforms phage 7/26 (7/26)
cyanobacteria phage AC-1 (AC-1)
cyanobacteria phage A-4(L) (A-4(L))
cyanobacteria phage SM-1 (SM-1)
cyanobacteria phage LPP-1 (LPP-1)
enterobacteria phage Esc-7-11 (Esc-7-11)
enterobacteria phage N4 (N4)
enterobacteria phage P22 (P22)
enterobacteria phage sd (sd)
enterobacteria phage Q8 (Q8)
enterobacteria phage 7-11 (7-11)
enterobacteria phage 7480b (7480Db)
Lactococcus phage KSY1 (KSY1)
Lactococcus phage PO34 (PO34)
mollicutes phage C3 (C3)
mollicutes phage L3 (L3)
Mycobacterium phage ¢17 (917)
Pasteurella phage 22 (22)
Pseudomonas phage F116 (F116)
Rhizobium phage ¢$2042 (92042)
Staphylococcus phage 44AHJD (44AHJD)
Streptococcus phage CP-1 (CP-1)
Streptococcus phage Cvir (Cvir)
Streptococcus phage H39 (H39)
Streptococcus phage 2BV (2BV)
Streptococcus phage 182 (182)
Xanthomonas phage RR66 (RR66)
Vibrio phage OXN-100P (OXN-100P)
Vibrio phage 4996 (4996)
Vibrio phage I @

SIMILARITY WITH OTHER TAXA

See Tectiviridae.

DEeRIVATION OF NAMES

myo: from Greek mys, myos, “muscle”, relating to the contractile tail
podo: from Greek pous, “foot”, for short tail
sipho: from Greek siphon, “tube”
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Famiry TECTIVIRIDAE

T AXONOMIC STRUCTURE OF THE FAMILY

Family Tectiviridae
Genus Tectivirus

Genus  TEcTiviRUS
Type Species enterobacteria phage PRD1

VIRION PROPERTIES

(PRD1)

MORPHOLOGY

Virions exhibit icosahedral symmetry, have no envelope, and measure about 63 nm in
diameter. Bacillus phage AP50 virions have 20 nm long spikes at their vertices. The capsid
consists of two parts: a smooth, rigid, 3 nm thin protein outer shell and a flexible, 5 - 6 nm
thick inner lipoprotein vesicle. The DNA is coiled within the vesicle. Virions are normally
tail-less, but produce tail-like tubes of about 60 x 10 nm upon adsorption or after chloroform
treatment.

Figure 1: (upper) Diagram of virion in surface and in section; (lower) negative contrast electron micrograph of
enterobacteria phage PRD1 particles. The bar represents 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is about 70 x 105 S, is 357 - 416; buoyant density in CsCl is about 1.29 g/cm’.

7 V20w

Virions are usually stable at pH 5 - 8. Bacillus phage oNS11 has a pH optimum of 3.5.
Infectivity is sensitive to ether, chloroform, and detergents.
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NucLeic Acip

Virions contain a single molecule of linear dsDNA, 147 - 157 kbp in size (Mr 9.2 - 9.9 x 10°).
The DNA mass corresponds to 14 -15% of particle weight. The complete nucleotide
sequence of enterobacteria phage PDR1 is available.

PROTEINS

Enterobacteria phage PRD1 is composed of at least 17 proteins (Mr 3-65 x 10°). Two proteins
constitute the outer shell and 15, mostly regulatory, are associated with the inner vesicle.
The major capsid protein (Mr 43 x 10%) is present in about 1,100 copies. Protein P1is a DNA
polymerase. Tectiviruses infecting members of the genus Bacillus contain at least 6 proteins
(Mr 12.4 - 63 x 10%). The major capsid protein has a Mr of 43-48 x 10° and is present in about
920 copies. Amino acid sequence data are available.

LiriDS

Virions are composed of about 15% lipids by weight (5-6 species). Lipids constitute 60% of
the inner vesicle. In PRD1 virus, lipids form a bilayer and seem to be in a liquid crystalline
phase. Phospholipid contents (56% phosphatidylethanolamine and 37% phosphati-
dylglycerol) are higher than in the host, but vary according to the host strains. The fatty acid
composition of the inner coat is identical to that of the host.

CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

Enterobacteria phage PRD1 adsorbs to receptors coded by conjugative plasmids and
tectiviruses of bacilli adsorb to the cell wall. Upon contact with the latter, the inner vesicle
transforms itself into a tube and DNA is injected. Phages are virulent and liberated by lysis.
The genome has inverted terminal repeats and a protein molecule covalently linked to each
ofits 5' ends. In enterobacteria phage PRD1, 33 ORFs have been identified. DNA is primed
by the terminal protein. Transcription of early genes is bidirectional and directed toward
the center of the genome. New phage DNA is packaged into preformed capsids.

PRD1 genome 14,925 nt
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Figure 2: Diagram of enterobacteria phage PRD1 genome.
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BioLoGicAL PROPERTIES

Enterobacteria phage PRD1 multiplies in Gram-negative bacteria harboring P, N, or W
incompatibility plasmids (enterobacteria, Acinetobacter, Pseudomonas, Vibrio). The phages
AP50 and 6NS11 are specific for the genus Bacillus.

LisT oF SPECIES IN THE GENUS

The viruses and their assigned abbreviations () are:

SPECIES IN THE GENUS

Bacillus phage AP50 (AP50)
Bacillus phage oNS11 (8NS11)
enterobacteria phage PRD1 (PRD1)

TENTATIVE SPECIES IN THE GENUS

None reported.

LisT oF UNASSIGNED VIRUSES IN THE FAMILY

Vibrio phage 06N-58P (may be a corticovirus)

SIMILARITY WITH OTHER TAXA

Tectiviruses have morphological similarities to tailed phages (capsid size, tail) and
corticoviruses (capsid size, thick inner component). They differ from tailed phages by their
double capsid and the transitory nature of their “tail”, and from corticoviruses by their

ability to produce a “tail” or nucleic acid ejection device.
DERIVATION OF NAMES

tecti: from Latin tectus, ‘covered’
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CORTICOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Type Species

Family Corticoviridae

Genus Corticovirus

CORTICOVIRUS

Alteromonas phage PM2 (PM2)

VIRION PROPERTIES

MORPHOLOGY

Virions exhibit icosahedral symmetry (T=12 or T=13) and are about 60 nm in diameter.
They have no envelope. Capsids are complex and consist of an outer and an inner protein
shell enclosing a lipid bilayer. Brush-like spikes protrude from each apex.

Figure 1: (left) Alteromonas phage PM2 in surface view and section (center), indicating locations of proteins I
to IV and of lipid bilayer. (right) Negative contrast electron micrograph of Alteromonas phage PM2;
phosphotungstate, the bar represents 100 nm. (From Schifer R, Hinnen R, Franklin RM (1974) Eur J Biochem 50:
15-27, with permission).

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mris 49 x 10%, S, is 230, buoyant density in CsCl is 1.28 g/cm?. Virions are stable at
pH 6-8, and are very sensitive to ether, chloroform, and detergents.

NucLEic Acip

Virions contain a single molecule of covalently closed, circular dsDNA about 9 kbp in size
(Mr 5.8x 10°). The DNA contains a large number of superhelical turns. The DNA comprises
12.7% of virion weight and is coiled within the inner shell in association with protein IV.

The G+C content is 43%. Parts of the Alteromonas phage PM2 genome have been se-
quenced.

PROTEINS

Four structural proteins are present. Protein IT makes up 65% of the total protein. Proteins
IIT and IV behave as lipoproteins. Transcriptase activity is associated wit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>