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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.

F. A. Murphy et al. (eds.), Virus Taxonomy
© Springer-Verlag/Wien 1995
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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 REePLICASES, 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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Virus 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 an indication
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



DNA

RNA

VIRUS DIAGRAMS

FAMILIES OF VIRUSES INFECTING BACTERIA
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FAMILIES OF VIRUSES INFECTING ALGAE, FUNGIAND PROTOZOA
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FAMILIES AND GENERA OF VIRUSES INFECTING PLANTS
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FAMILIES OF VIRUSES INFECTING INVERTEBRATES
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VIRUS DIAGRAMS

FAMILIES OF VIRUSES INFECTING VERTEBRATES
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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 \%
Arterivirus spherical + ssRNA 1 + linear \Y%
Astroviridae icosahedral - ssRNA 1 + linear \Y%
Baculoviridae bacilliform + dsDNA 1 circular I
Badnavirus bacilliform - dsDNA 1 circular P
Barnaviridae bacilliform - ssRNA 1 + linear F
Birnaviridae icosahedral - dsRNA 2 linear V,1
Bromoviridae icosahedral - ssRNA 3 + linear P
Bunyaviridae spherical + ssRNA 3 - linear V,IP
Caliciviridae icosahedral - ssRNA 1 + linear A%
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 \%
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 \Y
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 \%
Papovaviridae icosahedral - dsDNA 1 circular A%
Paramyxoviridae helical + ssRNA 1- linear A
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 1 linear 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,1I
Reoviridae icosahedral - dsRNA 10 - 12 linear V,IP
Retroviridae spherical + ssRNA dimer 1 + linear \'
Rhabdoviridae bacilliform + ssRNA 1 - linear V,LP
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: FAMILIES AND FLOATING GENERA LiSTED BY HosT

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 1linear 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 \%
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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 \Y%
Arterivirus spherical + ssRNA 1 + linear \Y
Astroviridae icosahedral - ssRNA 1 + linear \Y%
Caliciviridae icosahedral - ssRNA 1 + linear \Y%
Circoviridae icosahedral - ssDNA X circular \Y%
Coronaviridae pleomorphic + ssRNA 1 + linear \'
Filoviridae bacilliform + ssRNA 1 - linear \Y%
Hepadnaviridae icosahedral - ssDNA 1 circular A
Herpesviridae icosahedral + dsDNA  1linear \
Orthomyxoviridae spherical + ssRNA 8 - linear \%
Papovaviridae icosahedral - dsDNA  1circular \%
Paramyxoviridae helical + ssRNA 1 - linear \'
Retroviridae spherical + ssRNA dimer 1+linear \Y
Birnaviridae icosahedral - dsRNA 2 linear V, 1
Flaviviridae spherical + ssRNA 1 + linear V,I
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,ILP
Reoviridae icosahedral - dsRNA 10 - 12 linear V,I,P
Rhabdoviridae bacilliform + ssRNA 1 - linear V,I, P

~
~
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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 \'
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,IP
Parvoviridae icosahedral - ssDNA 1 - linear V,1
Hepadnaviridae icosahedral - ssDNA 1 circular \%
Inoviridae rod - ssDNA 1 circular B,M
Geminiviridae isometric - ssDNA 1,2 circular P
Circoviridae icosahedral - ssDNA X circular \Y
Arterivirus spherical + ssRNA 1 + linear A
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 - ssRINA 1 + linear P
Necrovirus icosahedral - ssRNA 1 + linear P
Picornaviridae icosahedral - ssRNA 1 + linear V,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 \%
Paramyxoviridae helical + ssRNA 1- linear \'%
Rhabdoviridae bacilliform + ssRNA 1 - linear V,LP
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
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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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31

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 ssDNA 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 REVERSE 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 >8.5kb 51
RNA <8.5kb 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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60.
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67.

68.

69.

70.

71.
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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
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79.
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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 %

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 10° 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/cm3;
‘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/cm?

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
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111.
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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 103

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 w-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 10%; 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 "M-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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Order .

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 virus1  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 II 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




THE ORDER OF PRESENTATION OF THE VIRUSES

43

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 SA11 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




THE ORDER OF PRESENTATION OF THE VIRUSES

45

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
Pneumovirus 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




46 THE ORDER OF PRESENTATION OF THE VIRUSES

Order

Family Subfamily Genus

Type Species

Host

Page

Leviviridae 324
Levivirus enterobacteria phage MS2 Bacteria 325
Allolevivirus enterobacteria phage QB 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
phalopathies (Prions)
. Host Page
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

504
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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 Muyoviridae

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
from icosahedra 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. Heatand 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 Acip

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, 4, L5, $29, PZA). Nucleotide sequence data are available from
GenBank.

PROTEINS

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.



50 TaiLep PHAGES

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.

BioLoGICcAL PROPERTIES

HosTt 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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FAMILY 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.

TAXONOMIC STRUCTURE OF THE FAMILY

Family Myoviridae
Genus “T4 -like phages”

GENUS “T4-LIKE PHAGES”
Type Species  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.
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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 105, 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 direction and 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.

BioLoGICAL 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 (Te)
enterobacteria phage C16 (C16)
enterobacteria phage DdVI (DAVI)
enterobacteria phage PST (PST)
enterobacteria phage SMB (SMB)
enterobacteria phage SMP2 (SMP2)
enterobacteria phage ol (1)
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 CEf (CESB)
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 (092)
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 (13)
Pasteurella phage AU (AU)
Pseudomonas phage PB-1 (PB-1)
Pseudomonas phage PP8 (PP8)
Pseudomonas phage PS17 (PS17)
Pseudomonas phage ¢KZ (0KZ)
Pseudomonas phage ¢W-14 (OW-14)
Pseudomonas phage ¢1 (61)
Pseudomonas phage 125 (12S)
Rhizobium phage CM, (C™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 II (I1)
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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

GENUS

Type Species

Family Siphoviridae
Genus “\-like phages”

“)\-LIKE PHAGES”

coliphage A M)

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 X 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 AcID

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°).

LiriDs 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.
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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:



SPECIES IN THE GENUS

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

lambdoid phage HK97

lambdoid phage HK022

lambdoid phage PA-2

lambdoid phage ®D328

lambdoid phage 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
Actinomycetes phage Bir
Actinomycetes phage M,
Actinomycetes phage MSP8
Actinomycetes phage P-a-1
Actinomycetes phage R,
Actinomycetes phage R,
Actinomycetes phage SV2
Actinomycetes phage VP5
Actinomycetes phage ¢C
Actinomycetes phage ¢31C
Actinomycetes phage 6UW21
Actinomycetes phage ¢115-A
Actinomycetes phage ¢150A
Actinomycetes phage 119
Agrobacterium phage PS8
Agrobacterium phage PT11
Agrobacterium phage y
Alcaligenes phage 8764
Alcaligenes phage A5/A6
Bacillus phage o

Bacillus phage BLE

Bacillus phage IPy-1
Bacillus phage morl
Bacillus phage MP15
Bacillus phage PBP1
Bacillus phage SPP1
Bacillus phage SPB

Bacillus phage type F
Bacillus phage ¢105
Bacillus phage 1A

Bacillus phage II
Clostridium phage F1
Clostridium phage HM7
coryneforms phage 3
coryneforms phage ¢A8010
coryneforms phage A
coryneforms phage Arp
coryneforms phage BL3
coryneforms phage CONX
coryneforms phage MT
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M)

(HK97)
(HK022)
(PA-2)
(®D328)
(280)

(8764)
(A5/A6)
(o)
(BLE)
(IPy-1)
(morl)
(MP15)
(PBP1)
(SPP1)
(SPB)
(type F)
(0105)
(1A)

(IT)

(F1)
(HM?)
(B)
(0A8010)
(A)
(Arp)
(BL3)
(CONX)
(MT)
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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 (VilI)
enterobacteria phage x ()
enterobacteria phage ZG/3A (ZG/3A)
Lactobacillus phage 1b6 (1b6)
Lactobacillus phage 223 (223)
Lactobacillus phage ¢FSW (¢FSW)
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 (POB87)
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 (M6)
Pseudomonas phage PS4 (PS4)
Pseudomonas phage SD1 (SD1)
Rhizobium phage NM1 (NM1)
Rhizobium phage NT2 (NT2)
Rhizobium phage ¢2037/1 (¢2037/1)
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 03a

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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Famiry PoODOVIRIDAE

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

TAXONOMIC STRUCTURE OF THE FAMILY

Family Podoviridae
Genus “T7-like Phages”

GENUS “T7-LIKE PHAGES”
Type Species  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).

B1oLOGICAL 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 (o)
enterobacteria phage oll (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 (629)
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 (228)
enterobacteria phage 7-11 (7-11)
enterobacteria phage 7480b (7480b)
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 (02042)
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 1))

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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FaMILy TECTIVIRIDAE

TAXONOMIC 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.

e,

AT,

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 10%; S, is 357 - 416; buoyant density in CsCl is about 1.29 g/cm’.

7 20w

Virions are usually stable at pH 5 - 8. Bacillus phage sNS11 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 P1isa 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
of its 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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B1ioLoGicAL PROPERTIES

Enterobacteria phage PRD1 multiplies in Gram-negative bacteria harboring P, N, or W
incompatibility plasmids (enterobacteria, Acinetobacter, Pseudomonas, Vibrio). The phages
APS50 and eNS11 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 TAXxA

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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FaMiry CORTICOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Corticoviridae
Genus Corticovirus

GENUS CORTICOVIRUS
Type Species  Alteromonas phage PM2 (PM2)
VIRION PROPERTIES
MOoORPHOLOGY

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.

Lipids

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 105, S, is 230, buoyant density in CsClis 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 5.8 x 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 II makes up 65% of the total protein. Proteins
IIT and IV behave as lipoproteins. Transcriptase activity is associated with the virion.
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Protein Mr x 10° Location and function
I 43.6 Spikes, adsorption
II 277 Outer shell, major coat protein
I 13.0 Inner shell
IV 6.6 Transcriptase activity ?
LiriDs

Particles are composed of 13% lipid by weight (5 species). Lipids form a bilayer between the
outer and the inner shell. About 90% are phospholipids, mainly phosphatidylglycerol and
phosphati-dylethanolmelamine. The lipid composition of phages differs from that of the
host.

CARBOHYDRATES
None reported.
GENOME ORGANIZATION AND REPLICATION

Virions are virulent and adsorb to the bacterial cell wall. Genome structure and modes of
transcription and translation are largely unknown. DNA replication proceeds
unidirectionally and counterclockwise. Replicative intermediates include rings, nicked
circular molecules, and double-branched rings. Phages are assembled at the plasma
membrane without formation of inclusion bodies. The inner shell assembles first in the
presence of protein IV, and is filled with DNA. Virions are completed by addition of lipids,
the outer shell, and spikes, and are liberated by lysis.

ANTIGENIC PROPERTIES
None reported.
BioLogicAL PROPERTIES
Host range is limited to a marine bacterium of the genus Alteromonas.
LiST OF SPECIES IN THE GENUS
SPECIES IN THE GENUS
The viruses, and their assigned abbreviations ( ) are:
Alteromonas phage PM2 (PM2)
TENTATIVE SPECIES IN THE GENUS
None reported.
LisT oF UNASSIGNED VIRUSES IN THE FAMILY
Vibrio phage 06N-58P
SIMILARITY WITH OTHER TAxA

Corticoviruses have similarities to tectiviruses (capsid size, presence of lipids, sensitivity to
ether, chloroform, and detergents). They differ from corticoviruses by the absence of an
inner vesicle and a nucleic acid ejection device.

DERIVATION OF NAMES

cortico: from Latin cortex, corticis, “bark, crust”
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FAMILY PLASMAVIRIDAE

T AXONOMIC STRUCTURE OF THE FAMILY

Family Plasmaviridae
Genus Plasmavirus

GENUS  PLASMAVIRUS
Type Species  Acholeplasma phage L2

VIRION PROPERTIES

(L2)

MORPHOLOGY

Virions are quasi-spherical, slightly pleomorphic, enveloped, and about 80 nm (range
50-125 nm) in diameter. Size varies due to virion heterogeneity; at least three distinct virion
forms are produced during infection. Thin sections show virions with densely stained
centers, seemingly containing condensed DNA, and particles with lucent centers. The
absence of a regular capsid structure suggests the Acholeplasma phage L2 virion is an
asymmetric nucleoprotein condensation bounded by a lipid-protein membrane.

Figure 1: Negative contrast electron micrograph of Acholeplasma phage L2 virions. The pleomorphic virion
appears as a core (perhaps a nucleoprotein condensation) within abaggy membrane. The bar represents 100 nm.
(From Poddar SK, Cadden SP, Das J, Maniloff ] (1985) with permission).

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virions are extremely heat sensitive, relatively cold stable, and inactivated by nonionic
detergents (Brij-58, Triton X-100, and Nonidet P-40), ether, and chloroform. Viral infectivity
is resistant to DNase I and phospholipase A, but sensitive to pronase and trypsin treatment.
UV-irradiated virions can be reactivated in host cells by excision and SOS DNA repair
systems. Virions are relatively resistant to photodynamic inactivation.

NucLeic Acip

Virions contain one molecule of infectious, circular, negative superhelical, dsDNA. The
Acholeplasma phage L2 genome is 11,965 bp in size, with a G+C value of 32%. All ORFs are
encoded in one strand. Several genes are translated from overlapping reading frames.
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PROTEINS

Virions contain at least four major proteins, with Mr about 64, 61, 58, and 19 x 10%. Several
minor protein bands are also observed in virion preparations. DNA sequence analysis
indicates 15 ORFs (encoding proteins of sizes from 7 to 81 kDa).

LiriDs

Virions and host cell membranes have similar fatty acid compositions. Variation of host cell
membrane fatty acid composition leads to virions with corresponding fatty acid composi-
tion variations. Data indicate viral membrane lipids are in a bilayer structure.

CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

Acholeplasma phage L2 infection involves a noncytocidal productive infectious cycle
followed by a lysogenic cycle in each infected cell. At least 11 overlapping mRNAs are
transcribed from the DNA coding strand, from at least 8 promoters.

Noncytocidal infection involves progeny virus release by budding from the host cell
membrane, with the host surviving as a lysogen. Lysogeny involves integration of the
Acholeplasma phage L2 genome into a unique site in the host cell chromosome. Lysogens
are resistant to superinfection by homologous virus but not by heterologous virus (appar-
ently due to a repressor), and are inducible by UV-irradiation and mitomycin C.

Figure 2: Map of genome organization, showing ORFs as determined from analysis of the 11,965 bp sequence.
Thebase on the 3'-side of the single BstE Il cleavage site is taken as the first base on the DNA sequence. The map
also shows locations of the Acholeplasma phage L2 integration site (attP) and the two Acholeplasma phage L2
DNA replication origin sites (oril and ori2). (From Maniloff ], Kampo GJ, and Dascher CC. (1994)).
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BioLoGicAL PROPERTIES

Host RANGE

Acholeplasma phage L2 infects Acholeplasma laidlawii strains: other possible plasmaviruses
have been reported to infect A. modicum and A. oculi strains.

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ ], host { } and assigned abbrevia-
tions () are:

SPECIES IN THE GENUS

Acholeplasma phage L2 {A. laidlawii} [L13696] (L2)

TENTATIVE SPECIES IN THE GENUS

Acholeplasma phage v1 {A. laidlawii} (v1)
Acholeplasma phage v2 {A. laidlawii) (v2)
Acholeplasma phage v4 {A. laidlawii) (v4)
Acholeplasma phage v5 {A. laidlawii) (v5)
Acholeplasma phage v7 {A. laidlawii} (v7)
Acholeplasma phage M1 {A. modicum} M1)
Acholeplasma phage O1 {A. oculi} (01

LisT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

plasma: from Greek plasma, ‘shaped product’
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FAMILY LIPOTHRIXVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Lipothrixviridae
Genus Lipothrixvirus

GENUS LIPOTHRIXVIRUS

Type Species Thermoproteus virus 1 (TTV-1)
VIRION PROPERTIES

MORPHOLOGY

Virions are rigid rods, 410 nm long and 38 nm in diameter, with protrusions arising
asymmetrically from both ends. The envelope does not show structure in electron micro-
graphs. It contains a helical core.

|_lipid membrane plus
VP3

dsDNA covered by
— VP1 and VP2

linear dsDNA

% diglycerol
ZE" tetraether lipld
Z= phosphate == glycosyl

=— vr3

oligomeric VP4
(putative)

Figure 1: (left) Diagram of virion. Upper part shows coat and DNA covered by DNA-binding proteins; lower
part shows superhelical DNA without covering protein molecules and a schematic representation of the
composition of the coat. The center piece of the particle is not shown. (right) Negative contrast electron
micrograph of intact virus particle on the left and partially deteriorated particle exhibiting coat and core on the
right. The bar represents 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is 3.3 x 10°. Virion buoyant density in CsClis 1.25 g/ cm?®. Virions are stable at
100° Cand a fraction remain viable after autoclaving at 120° C. The particles maintain
their structure in 6M urea and 7M guanidine hydrochloride. Detergents, e.g. Triton X100
and octylglycoside, dissociate virions into viral cores, containing the DNA plus DNA-
binding proteins, and viral envelopes, containing isopranyl ether lipid and coat protein.

Virions contain about 3% (w/w) DNA, about 75% protein and about 22% isopranyl ether
lipids.
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NucLEICc AcID

Virions contain one molecule of linear dsDNA; Mr 10 x 10° (15.9 kbp). About 85% (except the
left most Clal fragment) of the total sequence has been determined. The ends of the DNA
molecule are masked in an unknown manner.

PROTEINS

Virions contain at least four proteins of the following sizes: TP112.9 kDa; TP2 16.3 kDa; TP3
18.1kDa; and TP4 24.5 kDa. TP1 and TP2 are DNA-associated, TP3 is the envelope protein,
and the location of TP4 in the virus particle is unknown. Only TP1 is a basic protein. TP3 is
highly hydrophobic, TP4 hydrophilic. Additional minor proteins may be present. A fifth
protein, TPX, carrying a C-terminal (thr, pro)_repeat, is present in infected cells in high
amount, but absent in virus particle.

LiriDS

The virion envelope contains the same lipids as the host’s membrane, essentially di-
phytanyl tetraether-lipids. The envelope has a bilayer structure. The phosphate residues of
the phospholipids are oriented towards the inside, the glycosyl residues towards the
outside of the particles.

CARBOHYDRATES

Virions contain carbohydrate in their glycolipid.

GENOME ORGANIZATION AND REPLICATION

The genome contains several transcription units. So far, the function of only few genes is
known, among them those encoding the four structural proteins (TP1 to TP4). There are two
ORFs between which specific recombination occurs with high frequency, encoding (TP)_
and (PT)_. Their map positions are shown in the Clal restriction map of the viral genome
(Fig. 2). Adsorption and infection appears to proceed via interaction of the tips of pili of the
host with the terminal protrusions of the virus. Fragments of the viral genome have
sometimes been found integrated in host genomes. Complete non-integrated virus DNA
exists in the cell in linear form. The virions are released by lysis. Infection may be latent.

bp 1 T - - - bp 13307
%2 1 9|8 3 5 7 6 4 Clal
B T ) —' TPX (PT)n TP4
e |
1 kb

Figure 2: Clal restriction map of TTV-1 DNA showing ORFs including the structural proteins of the virus and
two regions, TPX and (PT),, containing (thr, pro), repeats, between which recombination occurs frequently.

BioLoGICAL PROPERTIES

HosTt RANGE

The host range is limited to the archaeon Thermoproteus tenax. Other rod-shaped DNA-
containing viruses of similar morphology but different dimensions have been found
associated with Thermoproteus cultures or have been observed by electron microscopy in
waters from Icelandic solfataras but virus has not been cultivated from these sources. TTV-
2 and TTV-3 resemble TTV-1 in yielding a DNA containing core structure and a lipid-
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containing coat upon treatment with detergent. The coat of TTV-4 contains only one protein
and no lipid.

GEOGRAPHIC DISTRIBUTION

So far, these viruses have been found only in samples taken from solfataras at the Krafla in
Iceland.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

Thermoproteus virus 1 [X14855] (TTV-1)
Thermoproteus virus 2 (TTV-2)
Thermoproteus virus 3 (TTV-3)
Thermoproteus virus 4 (TTV-4)

TENTATIVE SPECIES IN THE GENUS

None reported.

LisT OF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

lipo: from Greek, lipos, ‘fat’
thrix: from Greek, thrix, ‘hair’
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Famiry FUSELLOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Fuselloviridae
Genus Fusellovirus

GENUS FuseLLOVIRUS
Type Species  Sulfolobus virus 1 (SSV-1)
VIRION PROPERTIES

MORPHOLOGY

Virions are lemon-shaped, slightly flexible in appearance with short tail fibers attached to
one pole. Virions are 60 x 100 nm in size; a small fraction of the SSV-1 population (up to 1 %)
is larger with a particle length of about 300 nm. The virion envelope consists of host lipids
and of two virus-encoded proteins; a third protein is DNA-associated (Fig. 1).

Figure 1: Negative contrast electron micrograph of SSV-1 virions, bar represents 200 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion buoyant density in CsClis 1.24 g/cm?®. The particles are stable at up to 85° C and are
insensitive to urea and ether. Low pH (below 5) reduces viability due to degradation of the
DNA,; virions are sensitive to high pH (above 11) and trichloromethane.

NucLeic Acip

Virions contain circular, positively supercoiled dsDNA, of 15,465 bp in size. Virion DNA is
associated with polyamines and a virus-coded basic protein. The nucleic acid sequence has
been completely determined and the data are available from EMBL/GenBank.
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PROTEINS

Two basic proteins (VP1 and VP3) are constituents of the virion envelope. They consist of 73
and 92 amino acid residues as deduced from the nucleic acid sequence. A very basic protein
(VP2, 74 amino acids) is attached to the viral DNA. The genes encoding these three
structural proteins are closely linked on the SSV-1 genome, in the order VP1, 3, 2.

The second largest ORF of SSV-1 (ORF d335, 335 amino acids) shows sequence homology to
the integrase family of site-specific recombinases. This protein has been expressed in E. coli
and recombines DNA fragments sequence-specifically in vitro.

LipiDs
10 % of the SSV-1 coat consists of host lipids.
CARBOHYDRATES
None reported.
GENOME ORGANIZATION AND REPLICATION

The SSV-1 genome is present in the cells as cccDNA and also site-specifically integrated into
a tRNA gene of the host chromosome. The integrated copy is flanked by a 44 bp direct
repeat (attachment core) that occurs once in the circular SSV-1 DNA. Upon integration, ORF
d335 is disrupted.

15465
EcoRl

4000

8000
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Figure 2: Genome organization of SSV-1. Numbers refer to base pairs relative to the start of the largest EcoRI
fragment. AttP indicates the cleaving site for integration into the host genome. Bold arrows represent transcripts

T1toT9and T, ; thin arrows are protein genes VP1 to VP3 and ORFs, both without cysteine codons; dotted lines
indicate ORFs that contain cysteine codons.
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Eleven transcripts, initiated from 7 promoters, cover the SSV-1 genome. UV-irradiation is a
stimulus for virus production and the particles are released without evident lysis of the host
cells. A small transcript (T, ) is strongly induced upon induction. Particles are probably
assembled at the cell membrane, since no virus particles have been observed in host cells.

BioLoGIicAL PROPERTIES

HoOST RANGE

Host range is limited to two extremely thermophilic archaeon, Sulfolobus shibatae and
Sulfolobus isolates P1 and P2. Few phage particles are produced in cultures of lysogens. UV-
irradiation strongly induces phage production without evident lysis of the host.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

Sulfolobus virus 1 [XO7234] (SSV-1)

TENTATIVE SPECIES IN THE GENUS

None reported.

UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

fusello: from Latin fusello, ‘little spindle’
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FaMmiry POXVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Poxviridae

Subfamily Chordopoxvirinae
Genus Orthopoxvirus
Genus Parapoxvirus
Genus Avipoxvirus
Genus Capripoxvirus
Genus Leporipoxvirus
Genus Suipoxvirus
Genus Molluscipoxvirus
Genus Yatapoxvirus
Subfamily Entomopoxvirinae
Genus Entomopoxvirus A
Genus Entomopoxvirus B
Genus Entomopoxvirus C

VIRION PROPERTIES

MORPHOLOGY

Lateral body Lateral body

Envelope

Surface
tubule

Surface Surface Envelope
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Figure 1: (upper left) Schematic of brick-shaped orthopoxvirus; the left side of the diagram shows the surface
structure of a non-enveloped orthopoxvirus particle; on the right side is shown a cross-section of an enveloped
form of the orthopoxvirus particle; (upper right) schematic of ovoid-shaped parapoxvirus; the left side of the
diagram shows the surface of a non-enveloped parapoxvirus particle with a single long filament seemingly
wound around the particle; on the right side is shown a section through the enveloped form of the virus; (lower
left) thin section of non-enveloped vaccinia virus (lower right) negative contrast electron micrograph of, non-
enveloped orf virus (the bar represents 100 nm). (Modified from Fenner and Nakano (1988) with permission).



80 POXVIRIDAE

Virions are somewhat pleomorphic, generally either brick-shaped (220-450 nm long x 140-
260 nm wide x 140-260 nm thick) with a lipoprotein surface membrane displaying tubular
or globular units (10-40 nm), or ovoid (250-300 nm long x 160-190 nm diameter) with a
surface membrane possessing a regular spiral filament (10-20 nm in diameter).

Negative contrast images show the surface membrane encloses a biconcave or cylindrical
core that contains the genome DNA and proteins organized in a nucleoprotein complex.
One or two lateral bodies appear to be present in concavities between the core membrane
and the surface membrane. Some virions are enclosed in an envelope derived from the cell
and containing virus-specified proteins. Others (e.g., entomopoxviruses) may be occluded.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Particle weight is about 5 x 10 g. S, is about 5000. Buoyant density of virions is subject
to osmotic influences: in dilute buffers it is about 1.16 g/cm?, in sucrose about 1.25 g/cm?, in
CsCl and potassium tartrate about 1.30 g/cm?®. Virions tend to aggregate in high salt
solution. Infectivity of some members is resistant to trypsin. Some members are insensitive
to ether. Generally, virions are sensitive to common detergents, formaldehyde, oxidizing
agents, and temperatures greater than 40° C. The virion surface membrane is removed by
nonionic detergents and sulfhydryl reagents. Virions are relatively stable in dry conditions
at room temperature; they can be lyophilized with little loss of infectivity.

NucLeic Acip

Nucleic acids constitute about 3% of the particle weight. The genome is a single, linear
molecule of covalently-closed, dsDNA, 130-375 kbp in length.

PRrROTEINS

Proteins constitute about 90% of the particle weight. Genomes encode 150-300 proteins
depending on the species; about 100 proteins are present in virions. Virus particles contain
many enzymes involved in RNA transcription or modification of proteins or nucleic acids.
Enveloped virions have viral encoded polypeptides in the lipid bilayer which surrounds the
particle. Entomopoxviruses may be occluded by a virus-coded, major structural protein.

LiriDs

Lipids constitute about 4% of the particle weight. Enveloped virions contain lipids,
including glycolipids, that may be modified cellular lipids, and/or lipids synthesized de
novo during the early phase of virus replication.

CARBOHYDRATES

Carbohydrates constitute about 3% of the particle weight. Certain viral proteins, e.g.,
hemagglutinin in the envelope of orthopoxviruses, have N- and C-linked glycans.

GENOME ORGANIZATION AND REPLICATION

The poxvirus genome comprises a linear molecule of dsDNA with covalently closed
termini; terminal hairpins constitute two isomeric “flip-flop” DNA forms consisting of
inverted complementary sequences. Variably sized, tandem repeat sequence arrays may or
may not be present near the ends (Fig. 2). After virion adsorption, entry into the host cell is
by fusion between the plasma membrane and the viral surface membrane or, when present,
the envelope, after which cores are released into the cytoplasm and uncoated further.
Endocytosis, involving fusion between the plasma and vacuolar membranes, may also
occur.
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Figure 2: Schematic representation of the DNA of vaccinia virus (WR strain): (upper) Linear double-stranded
molecule with terminal hairpins and inverted repeats (not to scale). The denatured DNA forms a single-stranded
circular molecule. In (center) are shown the Hindlll cleavage sites of the vaccinia virus (WR strain) genome, the
asterisk indicates the fragment that contains the thymidine kinase gene. (lower) Each 10-kbp terminal portion
includes two groups of tandem repeats of short sequences rich in AT. (From Fenner, Wittek, and Dumbell 1989
with permission).

Polyadenylated primary mRNA transcripts, representing about 15% of the genome, are
synthesized from both DNA strands by enzymes within the core, including a multisubunit
RNA polymerase; transcripts are extruded from the core for translation by host ribosomes.
During synthesis of early proteins, host macromolecular synthesis is shut-off. Virus
reproduction ensues in the host cell cytoplasm, producing basophilic (B-type) inclusions
termed “viroplasms” (or “virus factories”). The genome contains closely spaced ORFs
preceded by promoters that temporally regulate transcription of three classes of genes: early
genes, expressed before and during genome uncoating (these encode many non-structural
proteins, including enzymes involved in replicating the genome and modifying DNA,
RNA, and proteins); intermediate genes, expressed during the period of DNA replication
(these appear to regulate late gene transcription); and late genes that are expressed during
the post-replicative phase (these mainly encode virion proteins). The mRNAs are capped,
polyadenylated at the 3' termini, and not spliced. Many late mRNAs and some early
mRNAs have 5'-polyadenylated sequences. Early protein synthesis is generally decreased
during the switch-over to late gene expression, but some genes are expressed first from an
early promoter and then from a late promoter. Certain proteins are modified post-
translationally (e.g., by proteolytic cleavage, phosphorylation, glycosylation, ribosylation,
sulfation, acylation, myristylation, by binding metal ions, by disulfide cross-linking, etc.). A
summary of the infectious cycle is given in Fig. 3

The DNA genome appears to be replicated mainly by viral enzymes. Although incom-
pletely understood, it may involve a self-priming, unidirectional, strand displacement
mechanism in which concatemerized replicative intermediates are resolved into unit length
DNAs that are subsequently covalently closed. Genetic recombination within genera has
been shown, and may occur between daughter molecules during replication. Non-genetic
genome reactivation generating infectious virus has been shown within and between
genera of the Chordopoxvirinae.

Virus morphogenesis proceeds via coalescence of DNA within crescent-shaped, lipoprotein
bilayers (nascent surface membranes) that are coated with spicules. Eventually, the lipo-
protein encloses the genome to form an immature particle. Virus DNA and several proteins
are organized as a nucleoprotein complex within the core. Particle maturation involves
continued protein synthesis and the formation of intracellular naked virions (INVs) which
contain an encompassing surface membrane, lateral bodies, and the nucleoprotein core
complex. For vaccinia, the core has a 9 nm thick membrane with a regular subunit structure.
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Within the vaccinia virion, negative stain indicates that the core assumes a biconcave shape
(Fig. 1 upper left) apparently due to the large lateral bodies. The lipoprotein surface
membrane surrounding the vaccinia core and lateral bodies is about 12 nm thick and
contains irregularly shaped surface tubules composed of small globular subunits.

DNA  Core 2.12hours Intermediate mRNn

DNA repli

Figure 3: The infectious cycle of vaccinia virus (from Moss, Science 252:1662, 1991; Copyright AAAS, 1991, with
permission).

Mature INVs are released by cellular disruption. A few may be enveloped on exocytosis
following acquisition of modified Golgi membranes or following extrusion through mi-
crovilli. Enveloped virions thereby acquire host cell lipids and additional virus-specific
proteins, including the virus hemagglutinin protein. The envelope is closely applied to the
surface membrane. Although the internal structure of vaccinia is revealed in thin sections,
the detailed internal structure of parapoxvirus particles is less evident. In negatively
stained preparations of parapoxviruses, superimposition of dorsal and ventral views of the
surface filament sometimes produces a distinctive criss-cross surface appearance. Both
INVs and enveloped virions are infectious and contain different exterior antigens.

ANTIGENIC PROPERTIES

Within each genus of the subfamily Chordopoxvirinae there is considerable serologic cross-
protection and cross-reactivity. Neutralizing antibodies are genus-specific. Nucleoprotein
antigen, obtained by treatment of virus suspensions with 0.04 M NaOH and 56° C treatment
of virus suspensions, is highly cross-reactive among members. Orthopoxviruses have
hemagglutinin antigens, although this is rare in other genera.

BioLoGICAL PROPERTIES

Transmission of various member viruses of the subfamily Chordopoxvirinae occurs by (1)
aerosol, (2) direct contact, (3) arthropods (via mechanical carriage), or (4) indirect contact via
fomites; transmission of member viruses of the subfamily Entomopoxvirinae occurs between
arthropods by mechanical means. Host range may be broad in laboratory animals and in
tissue culture; however, in nature it is generally narrow . Many poxviruses of vertebrates
produce dermal maculopapular, vesicular rashes after systemic or localized infections.
Poxviruses infecting humans are zoonotic except for Molluscum contagiosum virus and the
orthopoxvirus variola (smallpox, now eradicated). Members may or may not be occluded
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within proteinaceous inclusions (Chordopoxvirinae: acidophilic (A-type) inclusion bodies, or
Entomopoxvirinae: occlusions or spheroids). Occlusions may protect such poxviruses in
environments of low transmission opportunity.

Neutralizing antibodies and cell-mediated immunity play a major role in clearance of
vertebrate poxvirus infections. Reinfection rates are generally low and usually less severe.
Molluscum contagiosum infections may recur, especially by autoinoculation of other areas of
the skin with virus derived from the original lesions (e.g., by scratching).

SUBFAMILY CHORDOPOXVIRINAE

TAXONOMIC STRUCTURE OF THE SUBFAMILY

Subfamily Chordopoxvirinae
Genus Orthopoxvirus
Genus Parapoxvirus
Genus Avipoxvirus
Genus Capripoxvirus
Genus Leporipoxvirus
Genus Suipoxvirus
Genus Molluscipoxvirus
Genus Yatapoxvirus

Di1STINGUISHING FEATURES

GENUS

Type Species

Includes brick-shaped or ovoid poxviruses of vertebrates with a low G+C content (30-40%),
except for the parapoxviruses (64%). Extensive serologic cross-reaction and cross-protec-
tion is observed within genera, this is less obvious among the avipoxviruses. Some viruses
produce pocks on the chorioallantoic membranes of embryonated chicken eggs.

ORTHOPOXVIRUS

vaccinia virus (VACV)

DisTINGUISHING FEATURES

Virions are brick-shaped, about 200 nm x 200 nm x 250 nm. Infectivity is ether-resistant.
Extensive serologic cross-reactivity exists between the viruses. Virus-infected cells synthe-
size a hemagglutinin (HA) glycoprotein that contributes to the modification of cell mem-
branes and enables hemadsorption and hemagglutination of certain avian erythrocytes and
alteration of the envelope of extracellular enveloped viruses. Neutralization sites on
enveloped viruses are distinct from those on INVs. The host range is broad in laboratory
animals and in tissue culture; in nature it may be relatively narrow. DNA is 170-250 kbp,
G+C content is about 36%. The DNAs cross-hybridize extensively between members of the
genus and sometimes with DNA of members of other genera. By comparison to the
American species, DNA restriction maps suggest independent evolution of the Eurasian-
African species.

LisT OF SPECIES IN THE GENUS

The viruses, their alternative names ( ), host { }, genomic sequence accession numbers [ ], and
assigned abbreviations () are:

SPECIES IN THE GENUS

buffalopox virus (BPXV)
(vaccinia subspecies)
{buffalo, cattle, human}

camelpox virus (CMLV)
{camel}
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GENUS

Type Species

COWPOX Virus [M19531] (CPXV)
{rodents, felines, bovines, human}

ectromelia virus [M83102] (ECTV)
{mousepox, reservoir unknown}

monkeypox virus [K02025] (MPXV)
{rodents, primates, human}

rabbitpox virus [M60387] (RPXV)

(vaccinia subspecies)
{colonized rabbit, no natural reservoir}

raccoonpox virus [M94169] (RCNV)
{North America raccoon}

taterapox virus (GBLV)
{African gerbil}

vaccinia virus [M35027] (VACV)
{no natural reservoir}

variola virus [K02031] (VARV)
{human; eradicated from nature}

volepox virus (VPXV)

{California pinon mouse and voles}

TENTATIVE SPECIES IN THE GENUS

skunkpox virus (SKPV)
{North American striped skunk}

Uasin Gishu disease virus (UGDV)
{Central African horses)

PARAPOXVIRUS

orf virus (ORFV)

DISTINGUISHING FEATURES

Virions are ovoid, 220-300 nm x 140-170 nm in size, with a surface filament that may appear
as a regular cross-hatched, spiral coil involving a continuous thread. Infectivity is ether-
sensitive. DNA is 130-150 kbp in size, G+C is about 64%. Most species show extensive DNA
cross-hybridization and serological cross-reactivity. Cross-hybridizations and DNA maps
suggest extensive sequence divergence among members. Generally the member viruses
come from ungulates and livestock. They exhibit a narrow cell culture host range.

LisT oF SPECIES IN THE GENUS

The viruses, their alternative names (), host { }, genomic sequence accession numbers [ ] and
assigned abbreviations () are:

SPECIES IN THE GENUS

bovine papular stomatitis virus (BPSV)
{bovines, human}
orf virus [M30023] (ORFV)

(contagious pustular dermatitis virus)

(contagious ecthyma virus)

{sheep, goats, musk oxen, human, deer}
parapoxvirus of red deer in New Zealand (PVNZ)
pseudocowpox virus (PCPV)

(Milker’s nodule virus)

(paravaccinia virus)

{bovines, human}
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Type Species
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TENTATIVE SPECIES IN THE GENUS

Auzduk disease virus

(camel contagious ecthyma virus)
chamois contagious ecthyma virus
sealpox virus

AVIPOXVIRUS

fowlpox virus (FWPV)

DiSTINGUISHING FEATURES

Virions are brick-shaped, about 330 nm x 280 nm x 200 nm. Infectivity is usually ether-
resistant. Genus includes viruses of birds that usually produce proliferative skin lesions
(cutaneous form) and/or upper digestive tract lesions (diptheritic form). Cross-protection
is variable. Viruses are primarily transmitted mechanically by arthropods or by direct
contact. DNA is about 300 kbp. Viruses exhibit extensive serologic cross-reaction. Viruses
produce A-type inclusion bodies with considerable amounts of lipid. Viruses grow produc-
tively in avian cell cultures, but abortively in mammals and mammalian cell lines that have
been examined.

LisT oF SPECIES IN THE GENUS

GENUS

Type Species

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

SPECIES IN THE GENUS

canarypox virus (CNPV)
fowlpox virus [X17202, D00295] (FWPV)
juncopox virus (JNPV)
mynahpox virus (MYPV)
pigeonpox virus [M88588] (PGPV)
psittacinepox virus (PSPV)
quailpox virus (QUPV)
Sparrowpox virus (SRPV)
starlingpox virus (SLPV)
turkeypox virus (TKPV
TENTATIVE SPECIES IN THE GENUS

peacockpox virus (PKPV)
penguinpox virus (PEPV)
CAPRIPOXVIRUS

sheeppox virus (SPPV)

Di1STINGUISHING FEATURES

Virions are brick-shaped, about 300 nm x 270 nm x 200 nm. Infectivity is sensitive to trypsin
and ether. Genus includes viruses of sheep, goats and cattle. Viruses can be mechanically
transmitted by arthropods and by direct contact, fomites. DNA is about 145 kbp. There is
extensive DNA cross-hybridization between species. In addition, extensive serologic cross-
reaction and cross-protection is observed among members.
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LisT OF SPECIES IN THE GENUS

GENUS

Type Species

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

SPECIES IN THE GENUS

goatpox virus (GTPV)
lumpy skin disease virus (LSDV)
sheeppox virus [M28823, M30039, D00423] (SPPV)

TENTATIVE SPECIES IN THE GENUS

None reported.

LEPORIPOXVIRUS

myxoma virus MYXV)

DISTINGUISHING FEATURES

Virions are brick-shaped, about 300 nm x 250 nm x 200 nm. Infectivity is ether-sensitive.
Genus includes viruses of lagomorphs and squirrels with extended cell culture host range.
Usually viruses are mechanically transmitted by arthropods; they are also transmitted by
direct contact and fomites. Myxoma and fibroma viruses cause localized benign tumors in
their natural hosts. Myxoma viruses cause severe generalized disease in European rabbits.
DNA is about 160 kbp, G+C about 40%. Extensive DNA cross-hybridization is observed
between member viruses. Serologic cross-reaction and cross-protection has been demon-
strated between different species.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

The viruses, their alternative names (), host { }, genomic sequence accession numbers [ ] and
assigned abbreviations () are:

SPECIES IN THE GENUS

hare fibroma virus (FIBV)
{European hare}

myxoma virus [M93049] (MYXV)

rabbit fibroma virus [M14899] (SEV)
(Shope fibroma virus)

squirrel fibroma virus (SQEFV)

TENTATIVE SPECIES IN THE GENUS

None reported.
SUuIPOXVIRUS

swinepox virus (SWPV)

DI1STINGUISHING FEATURES

Virions are brick-shaped, about 300 nm x 250 nm x 200 nm. DNA is about 175 kbp in size
with inverted terminal repeats of about 5 kbp. Virus forms foci in pig kidney cell culture
(one-step growth is about 3 days at 37° C) and plaques in swine testes cell cultures. Virus
causes asymptomatic generalized skin disease in swine that appears to be localized to
epithelial cells and draining lymph nodes. Virus neutralizing antibodies are not usually
detected. Mechanical transmission by arthropods (probably lice) is suspected. Viruses
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have a worldwide distribution. Rabbits can be infected experimentally, however serial
transmission in rabbits is unsuccessful.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

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

swinepox virus [M59931, M64000] (SWPV)
TENTATIVE SPECIES IN THE GENUS

None reported.

MoLLuscipoxvirus

Molluscum contagiosum virus (MOCV)

DISTINGUISHING FEATURES

Virions are brick-shaped, about 320 nm x 250 nm x 200 nm. Their buoyant density in CsCl
is about 1.288 g/cm?®. DNA is about 188 kbp in size, G + C content is about 60%. DNAs cross-
hybridize extensively. Restriction maps suggest two major sequence divergences among
the isolates examined. Molluscum contagiosum virus grows poorly or not at all in primary
human and other cell cultures. It is transmitted mechanically by direct contact between
children, or between young adults. It is often sexually transmitted. Sometimes the virus
causes opportunistic infections of persons with eczyma or AIDS. Virus produces localized
lesions containing enlarged cells with cytoplasmic inclusions. Infections can recur and
lesions may be disfiguring when combined with bacterial infections.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

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

SPECIES IN THE GENUS

Molluscum contagiosum virus [M63487] (MOCV)
TENTATIVE SPECIES IN THE GENUS

Unnamed viruses of horses, donkeys, chimpanzees

YATAPOXVIRUS

Yaba monkey tumor virus (YMTV)

DISTINGUISHING FEATURES

Virions are brick-shaped, about 300 nm x 250 nm x 200 nm. DNA is about 146 kbp in size,
G+Cis about 33%. Yaba monkey tumor virus in primates causes histiocytomas, tumor-like
masses of mononuclear cells. Viruses have been isolated from captive monkeys, baboons,
and experimentally infected rabbits. Laboratory infections of man have been reported.
Although DNAs cross-hybridize extensively, DNA restriction maps suggest major se-
quence divergences between Tanapox and Yaba monkey tumor viruses. Tanapox virus
produces localized lesions in primates that likely result from the mechanical transmission
by insects generally during the rainy season in African rain forests. Lesions commonly
contain virions with a double-layer envelope surrounding the viral surface membrane.
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LisT OF SPECIES IN THE GENUS

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

tanapox virus (TANV)
Yaba monkey tumor virus (YMTV)

TENTATIVE SPECIES IN THE GENUS

None reported.

SUBFAMILY ENTOMOPOXVIRINAE

TAXONOMIC STRUCTURE OF THE SUBFAMILY

Subfamily Entomopoxvirinae

Genus Entomopoxvirus A
Genus Entomopoxvirus B
Genus Entomopoxvirus C

DISTINGUISHING FEATURES

GENUS
Type Species

The viruses infect insects. The viruses include different morphologic forms, e.g., brick-
shaped, or ovoid. They are about 70-250 nm x 350 nm in size and chemically similar to other
family members. Virions contain at least 4 enzymes equivalent to those found in vaccinia
virus. Virions of several morphological types have globular surface units that give a
mulberry-like appearance; some have one lateral body, others have two. The DNA G+C
content is about 20%. No serologic relationships have been demonstrated between
entomopoxviruses and chordopoxviruses. Entomopoxviruses replicate in the cytoplasm of
insect cells (hemocytes and adipose tissue cells). Mature virions are usually occluded in
spheroids comprised of a major crystalline occlusion body protein (termed “spheroidin”).
The subdivision into genera is based on virion morphology, host range, and the genome
sizes of a few isolates. The genetic basis for these different traits is unknown.

ENTOMOPOXVIRUS A

Melolontha melolontha entomopoxvirus (MMEYV)

DISTINGUISHING FEATURES

The genus includes poxviruses of Coleoptera. Virions are ovoid, about 450 nm x 250 nm in
size, with one lateral body and a unilateral concave core. Surface globular units are 22 nm
in diameter. DNA is about 260-370 kbp in size.

LisT OF SPECIES IN THE GENUS

The viruses, and their assigned abbreviations ( ) are:

SPECIES IN THE GENUS

Anomala cuprea entomopoxvirus (ACEV)
Aphodius tasmaniae entomopoxvirus (ATEV)
Demodema boranensis entomopoxvirus (DBEV)
Dermolepida albohirtum entomopoxvirus (DAEV)
Figulus subleavis entomopoxvirus (FSEV)
Geotrupes sylvaticus entomopoxvirus (GSEV)

Melolontha melolontha entomopoxvirus (MMEV)
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Type Species
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TENTATIVE SPECIES IN THE GENUS

None reported.

ENTOMOPOXVIRUS B

Amsacta moorei entomopoxvirus (AMEV)

DISTINGUISHING FEATURES

The genus includes poxviruses of Lepidoptera and Orthoptera. Virions are ovoid, about 350
nm x 250 nm in size, with a sleeve-shaped lateral body and cylindrical core. Surface
globular units are 40 nm in diameter. DNA is about 225 kbp in size with covalently closed
termini and inverted terminal repetitions. The G+C content is about 18.5%. Viruses
produce a 115 kDa occlusion body composed of spheroidin protein.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

The viruses, their origins ‘L’ = lepidopteran, ‘O’ = orthopteran and assigned abbreviations
() are:

SPECIES IN THE GENUS

Amsacta moorei entomopoxvirus ‘L’ (AMEV)
Acrobasis zelleri entomopoxvirus ‘L’ (AZEV)
Arphia conspersa entomopoxvirus ‘O’ (ACOEV)
Choristoneura biennis entomopoxvirus ‘L’ (CBEV)
Choristoneura conflicta entomopoxvirus ‘L’ (CCEV)
Choristoneura diversuma entomopoxvirus ‘L’ (CDEV)
Chorizagrotis auxiliars entomopoxvirus ‘L’ (CXEV)
Locusta migratoria entomopoxvirus ‘O’ (LMEV)
Melanoplus sanguinipes entomopoxvirus ‘O’ (MSEV)
Oedaleus senegalensis entomopoxvirus ‘O’ (OSEV)
Operophtera brumata entomopoxvirus ‘L’ (OBEV)
Schistocerca gregaria entomopoxvirus ‘O’ (SGEV)

TENTATIVE SPECIES IN THE GENUS

None reported.

Entomoroxvirus C

Chironomus luridus entomopoxvirus (CLEV)

DiSTINGUISHING FEATURES

The genus includes poxviruses of Diptera. Virions are brick-shaped, about 320 nm x 230 nm

x 110 nm in size, with two lateral bodies and a biconcave core. DNA is about 250-380 kbp in
size.

LisT OF SPECIES IN THE GENUS

The viruses isolated from Diptera, and their assigned abbreviations ( ) are:

SPECIES IN THE GENUS

Aedes aegypti entomopoxvirus (AAEV)
Camptochironomus tentans entomopoxvirus (CTEV)
Chironomus attenuatus entomopoxvirus (CAEV)
Chironomus luridus entomopoxvirus (CLEV)

Chironomus plumosus entomopoxvirus (CPEV)
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Goeldichironomus holoprasimus entomopoxvirus (GHEV)
TENTATIVE SPECIES IN THE GENUS

None reported.

List oF UNASSIGNED VIRUSES IN THE FAMILY

The viruses, their host { } and assigned abbreviations () are:

California harbor sealpox virus (SPV)
{may also infect dog, cat}

cotia virus (CPV)
{sentinel mice, Brazil}

dolphinpox virus (DOV)
{bottle-nose dolphin}

embu virus (ERV)
{mosquitoes, human blood}

grey kangaroopox virus (KXV)

marmosetpox virus (MPV)

Molluscum-likepox virus (MOV)
{horse, donkey, chimpanzee}

Nile crocodilepox virus (CRV)

Quokkapox virus (QPV)
{marsupial, Australia}

red kangaroopox virus (KPV)

Salangapox virus (SGV)
{Aethomys medicatus, Cent. Afr. Rep}

spectacled caimanpox virus (RPV)

volepox virus (VPV)
{vole, Turkmenia}

mule deerpox virus (DPV)
{Odocoileus hemionus, Wyoming}

yokapox virus (YKV)

{Aedes simpsoni , Centr. Afr. Rep.}
SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

avi: from Latin avis, “bird”

capri: from Latin caper, “goat”

entomo: from Greek entomon, “insect”

lepori: from Latin lepus, “hare”

molluscum: from Latin molluscum, “clam”, “snail” related to appearance of lesion
orf: Scottish word based on Icelandic hrufa, “scab”, “boil”

ortho: from Greek orthos, “straight”

para: from Greek para, “by side of”

pox: from old English poc, pocc, “pustule”

sui: from Latin sus, “swine”
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GENUS “ AFRICAN SWINE FEVER-LIKE VIRUSES”
Type species  African swine fever virus (ASFV)
VIRION PROPERTIES

MORPHOLOGY

Virions consist of a nucleoprotein core structure, 70-100 nm in diameter, surrounded by an
icosahedral capsid, 172 to 191 nm in diameter, and a lipid-containing envelope. The capsid
exhibits icosahedral symmetry (T=189-217) corresponding to 1,892-2,172 capsomers (each
capsomer is 13 nm in diameter and appears as a hexagonal prism with a central hole;
intercapsomeric distance is 7.4-8.1 nm). Extracellular virions (enveloped) have an overall
diameter of 175 to 215 nm (Fig. 1).

Figure 1: (left) Schematic representation of ASFV virion. (right) Negative contrast electron micrograph of ASFV.
The bar represents 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion buoyant density is 1.095 g/cm? in Percoll, 1.19-1.24 g/cm®in CsCl; S, is about 3,500.
Virions are sensitive to ether, chloroform and deoxycholate and are inactivated at 60° C
within 30 min., but survive for years at 20° C or 4° C. Infectivity is stable over a wide pH
range. Some infectious virus may survive treatment at pH 4 or pH 13. Infectivity is
destroyed by some disinfectants (1% formaldehyde in 6 days, 2% NaOH in 1 day); para-
phenylphenolic disinfectants are very effective. Virus is sensitive to irradiation.

NucLeic Acip

The genome consists of a single molecule of linear, covalently close-ended, dsDNA, 170-190
kbp in size (varying among isolates). The end sequences are inverted, complementary,
tandem repeats. Genes are encoded on both DNA strands and are generally closely spaced.
At several intergenic locations there are short tandem repeat arrays. The genome may
encode 150-200 proteins.

PRrROTEINS

Virions contain more than 54 proteins, including several virion-associated enzymes re-
quired for transcription and post-transcriptional modification of mRNA, including RNA
polymerase, poly (A) polymerase and mRNA capping enzymes. Synthesis of more than 100
virus-induced proteins has been detected in infected cells.
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LiriDs
Enveloped virions contain lipids, including glycolipids.
CARBOHYDRATES

No carbohydrates have been demonstrated in virions other than in the form of glycolipids.
GENOME ORGANIZATION AND REPLICATION

The virus enters cells by receptor mediated endocytosis. Virus cores contain enzymes
required for early mRNA synthesis and processing which begins in the cytoplasm imme-
diately following virus entry. Transcripts are 3'-polyadenylated and 5'-capped. The virus
genome encodes many enzymes involved in mRNA transcription and DNA replication.
DNA replication reaches a peak about 8 hours post-infection; head-to-head concatameric
forms of DNA, which may be replicative intermediates, are found in cells at this time. DNA
replication may proceed by a self-priming mechanism. Late genes are expressed after the
onset of DNA replication; synthesis of some early genes continues throughout infection.
Some virus proteins are post-translationally modified (proteolytic cleavage, phosphorylation,
glycosylation, myristylation, etc.). The cell nucleus is required for productive infection.
Virus morphogenesis takes place in a perinuclear area rich in fibrillar and membranous
organelles; this area is often surrounded by an enlarged Golgi apparatus and many ribosomes.
Virus is released by cell destruction or by budding through plasma membrane.

ANTIGENIC PROPERTIES

Infected swine mount a protective immune response against non-fatal virus strains and
produce antibodies. Antibodies can cause a reduction in virus infectivity but do not
neutralize virus. Antigenic variation mainly involves the structural proteins p150, p14 and
p12, as shown by monoclonal antibody analyses. Standard immunological tests fail to
differentiate between virus isolates. However, isolates can be divided and grouped into
distinct genotypes by restriction enzyme analyses. Hemadsorption of swine erythrocytes is
obtained using swine bone marrow cells or leukocytes. Antibody can inhibit hemadsorption
and inhibition can be used to differentiate isolates.

BioLoGICAL PROPERTIES

The only animal species naturally infected are domestic and wild swine (Sus scrofa domesticus
and S. s. ferus), warthogs, bushpigs and giant forest hogs. Soft ticks of the genus Ornithodoros
are also infected by the virus (O. moubata that infests warthog burrows and domestic pig
pens in parts of Africa south of the Sahara; O. erraticus in pig pens in parts of Portugal and
south-west Spain). Virus can be transmitted in ticks trans-stadially, trans-ovarially and
sexually. Warthogs and domestic swine may be infected by the bites of infected ticks.
Warthogs show no signs of disease. Domestic and European wild pigs may exhibit disease.
Neither vertical nor direct horizontal transmission between warthogs is believed to occur.
However, transmission between domestic swine can occur by direct contact, or from
infected pork, or fomites, or mechanically by biting flies. Both warthogs and O. moubata act
as reservoirs for the virus. Disease is endemic in domestic swine in many African countries
and in Europe in Portugal, Sardinia and south-west Spain. Sporadic outbreaks have
occurred in and been eradicated from Belgium, Brazil, Cuba, the Dominican Republic, Haiti,
Holland, Italy and Malta. Virus isolates differ in virulence and may produce a variety of
signs ranging from inapparent, to acute, to chronic. Virulent isolates may cause 100%
mortality in 7-10 days. Less virulent isolates may produce a mild disease from which a
proportion of infected swine recover and become carriers. Viruses replicate in cells of the
mononuclear phagocytic system and reticulo-endothelial cells in lymphoid tissues and
organs of domestic swine. The main histological lesions in acute disease are seen in the
antigen processing cells of the lymphoreticular system. Widespread lymphoid necrosis and

damage to endothelial cells in arterioles and capillaries account for the lesions seen in acute
disease.
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LisT oF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

African swine fever virus [X71982] (ASFV)

TENTATIVE SPECIES IN THE GENUS

None reported.

LisT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

Earlier, African swine fever virus was listed as a member virus of the family Iridoviridae, but
as more information was obtained, it was removed from this family. Now, the virus has
been placed as the only member of an, as yet unnamed, separate genus. Additionally, the
virus exhibits some similarities in genome structure and strategy of replication to the
poxviruses, but it has a quite different virion structure and many other properties that
distinguish it from the member viruses of the family Poxviridae.

DERIVATION OF NAMES

No defined taxonomic name.
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FAMILY IRIDOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Iridoviridae

Genus Iridovirus

Genus Chloriridovirus

Genus Ranavirus

Genus Lymphocystivirus

Genus “goldfish virus 1-like viruses”

VIRION PROPERTIES

MORPHOLOGY

Virions have icosahedral symmetry and are 130-170 nm in diameter. Tipula iridescent virus
has 812 surface subunits. Animal iridoviruses have envelopes derived by budding through
the plasma membrane. Alliridoviruses contain an internal lipid membrane-like structure.
Some iridoviruses have numerous fibers trailing from the icosahedron.

Figure 1: (left) Electron micrograph of a thin section of FV-3-infected cell; a crystalline array of virus particles
is shown, the bar represents 1 pm. (right) Negative contrast electron micrograph of FV-3 virions, the bar
represents 100 nm.

NucLEeic Acip

Virions contain a single molecule of linear dsDNA, 170 to 200 kbp in size. Mosquito
iridescent virus has been reported to have a genome of 440 kbp, the largest genome of any
virus. The viruses contain circularly permuted and terminally redundant DNA. Genomic
DNA of vertebrate iridoviruses is highly methylated (frog virus 3 DNA is methylated at all
cytosines in the dinucleotide CpG by a virus-encoded DNA methyl-transferase). Insect
iridovirus DNA presumably is not methylated since it is readily cleaved by cytosine
sensitive restriction endonucleases.

PROTEINS

Virions contain approximately 9 to 36 polypeptides. Purified virions contain an assortment
of enzyme activities such as protein kinase, nucleotide phosphohydrolase, ribonuclease
which cleaves both single- and double-stranded RNA, deoxyribonuclease activities having
pH optima of 5 and 7.5, and protein phosphatase.
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LiriDs

Purified virions contain approximately 3 to 14% lipids. The composition of lipids has led to
the suggestion that viral membranes are not derived from host membranes.

CARBOHYDRATES

No carbohydrates are present in purified virions.

GENOME ORGANIZATION AND REPLICATION

The replication strategy of iridoviruses, as exemplified by frog virus 3 is strikingly different
from other DNA viruses. The genome of an infecting virion reaches the nucleus where it is
transcribed. Cellular RNA polymerase II, modified by a virion structural protein(s) is
utilized for viral transcription at an early stage. The parental genome serves as the template
for the first stage of DNA replication. DNA synthesized during this stage is often less than
genome size. Viral DNA in the nucleus may be utilized as template for further transcription
or be transported to the cytoplasm where it participates in the second stage of DNA
replication. During the second stage, the newly synthesized DNA is in the form of a large
concatamer. The concatamer is processed to produce mature viral DNA. Presumably,
concatamer processing is intimately associated with DNA packaging into the virion. The
consequence of this process is the generation of a circularly permuted and terminally
redundant genome.

ANTIGENIC PROPERTIES

Antigenic relationships among the iridoviruses have not, as yet, been systematically inves-
tigated. There appears to be no serologic or nucleic acid sequence relationship between
vertebrate and invertebrate iridoviruses.

BioLoGicAL PROPERTIES

GENUS

Type Species

Iridoviruses have only been isolated from poikilothermic animals that have an aquatic
stage in their life cycle. Most insect iridoviruses impart a blue or turquoise coloration to
infected larvae. However, vertebrate iridoviruses do not cause any coloration. Mosquitoes
iridoviruses can be transmitted transovarially, in contrast to the other viruses which are
transmitted horizontally.

IRIDOVIRUS

Chilo iridescent virus (CIV)

DISTINGUISHING FEATURES

Virions are about 120 nm in diameter. The complex icosahedral shell contains lipid, but
infectivity is not sensitive to ether. Infected larvae and concentrated purified virus produce
ablue to purple iridescence. Chilo iridescent virus has circularly permuted and terminally
redundant DNA.

LisT OF SPECIES IN THE GENUS

The viruses, and their assigned abbreviations ( ) are:

SPECIES IN THE GENUS

Chilo iridescent virus (C1IV)
insect iridescent virus 1 (IIv-1)
insect iridescent virus 2 (IIv-2)
insect iridescent virus 6 (IIv-6)
insect iridescent virus 9 (IIvV-9)
insect iridescent virus 10 (IIV-10)

insect iridescent viruses 16 to 32 (ITV-16 to 32)
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Type Species

TENTATIVE SPECIES IN THE GENUS

None reported.

CHLORIRIDOVIRUS

mosquito iridescent virus

DisTINGUISHING FEATURES
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(MIV)

Virion diameter is about 180 nm. Infected larvae and virus pellets of most members iridesce

with a yellow-green color.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

The viruses, and their assigned abbreviations () are:

SPECIES IN THE GENUS

insect iridescent viruses 3 to 5
insect iridescent virus 7
insect iridescent virus 8
insect iridescent viruses 11 to 15
mosquito iridescent virus
(iridescent virus type 3, regular strain)

TENTATIVE SPECIES IN THE GENUS
Chironomus plumosus iridescent virus

RANAVIRUS

frog virus 3

DiISTINGUISHING FEATURES

(IIV-3 to 5)
(IIV-7)
(IIV-8)

(IIV-11 to 15)
(MIV)

(FV-3)

FV3 grows in piscine, avian, and mammalian cells and at 12° C to 32° C. Structural proteins
cause rapid inhibition of host macromolecular synthesis. DNA contains a high proportion
of 5-methyl cytosine and is circularly permuted and terminally redundant. DNA synthesis
occurs in 2 stages: (1) synthesis of unit-length molecules in the nucleus and (2) synthesis of

concatemers in the cytoplasm. mRNA lacks poly (A).

LisT OF SPECIES IN THE GENUS

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

frog virus 1

frog virus 2

frog virus 3

frog viruses 5 to 24

frog virus L2

frog virus L4

frog virus L5

newt viruses T6 to T20

tadpole edema virus LT 1-4 (from Rana catesbriana)
Xenopus virus T21

TENTATIVE SPECIES IN THE GENUS

None reported.

(FV-1)
(FV-2)

(FV-3)

(FV-5 to 24)
(FV-L2)
(FV-L4)
(FV-L5)
(NV-T6 to T20)
(TEVLT-1 to 4)
(XV-T21)
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GENUS LYMPHOCYSTIVIRUS
Type Species  flounder virus (LCDV-1)

DISTINGUISHING FEATURES

Viruses grow in centrarchid fish, where they form giant cells in connective tissue at 25° C.
Genomic DNA is circularly permuted, terminally redundant, and is highly methylated at
cytosine residues.

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

SPECIES IN THE GENUS

flounder virus (LCDV-1)
lymphocystis disease virus (dab isolate) (LCDV-2)

TENTATIVE SPECIES IN THE GENUS

Octopus vulgaris disease virus

GENUS “(GOLDFISH VIRUS 1-LIKE VIRUSES”
Type Species  goldfish virus 1 (GFV-1)
DIiISTINGUISHING FEATURES

Viruses have a more restricted host range in vitro than amphibian viruses. Infection
produces cytoplasmic vacuolization and cell rounding in the goldfish cell line, CAR, at 25°
C. DNA is highly methylated at cytosine residues, not only at CpG sequences but most
likely, also at CpT.

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

SPECIES IN THE GENUS

goldfish virus 1 (GFV-1)
goldfish virus 2 (GFV-2)

TENTATIVE SPECIES IN THE GENUS
None reported.
LisT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

irido: from Greek iris, iridos, goddess whose sign was the rainbow, hence iridescent: ‘shining
like a rainbow,” from appearance of infected larval insects and centrifuged pellets of virions
chloro: from Greek chloros, ‘green’

rana: from Latin rana, ‘frog’

cyssti: from Greek kystis, ‘bladder or sac’

lympho: from Latin lympha, ‘water’
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FAamiry

PHYCODNAVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

GENUS

Type Species

Family Phycodnaviridae
Genus Phycodnavirus

PHYCODNAVIRUS

Paramecium bursaria Chlorella virus 1 (PBCV-1)

VIRION PROPERTIES

MORPHOLOGY

Virions are polyhedral with a multilaminate shell surrounding an electron dense core.
Virions do not have an external membrane and are 130-190 nm in diameter. Some electron
micrographs indicate the virions have flexible hair like appendages with swollen structures
at the end; these appendages extend from at least some of the vertices. One virion vertex
may contain a 20-25 nm spike structure.

Figure 1: (left) Frozen hydrated PBCV-1 virions; (right) negative contrast electron micrograph of stained PBCV-
1. Note that (i) long fibers are associated with the particles (small arrow), (ii) a distinctive 20- to 25- nm spike
structure (large arrow) extends from one vertex of the particle. The bar represents 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is about 1 x 10%; S, is more than 2,000; some virions are disrupted in CsCL
Virions are insensitive to non-ionic detergents but are inactivated by organic solvents.
Infectivity is lost after exposure to 5 mM dithiothreitol or dithioerythritol but not
mercaptoethanol.

NucLeic Acip

Virions contain linear, nonpermuted dsDNA more than 300 kbp in size. The DNA has cross-
linked hairpin ends. G + C content is 40-52%. The DNA termini, contain identical inverted
1-2.2 kbp repeats. The remainder of the genome appears to represent unique DNA
sequences.
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The DNA contains methylated bases, both 5-methyl-cytosine (5mC) and N°-methyladenine
(6mA). Proportions of methylated bases vary with the virus and range from no 6mA and
0.1% 5mC to 37% 6mA and 47% 5mC.

PROTEINS

Purified virions contain more than 50 proteins ranging in size from 10 to more than 200 kDa;
at least three of the proteins are glycoproteins, including the major capsid protein, Vp54,
which comprises 40% of the total virion protein. Four proteins, including Vp54, are located
on the virus surface.

LiriDs

Five to 10% of the virion is composed of lipid. The lipid component is located inside the
glycoprotein shell and is required for virus infectivity.

CARBOHYDRATES

At least three of virus proteins are glycosylated including the major capsid protein Vp54.
The glycan portion of Vp54 is on the external surface of the virion. Unlike any other known
viruses, PBCV-1 appears to code for the enzymes involved in its glycosylation.

GENOME ORGANIZATION AND REPLICATION

The intracellular site of virion DNA replication and transcription is unknown. DNA
packaging occurs in localized regions in the cytoplasm; however, recent evidence indicates
that the nucleus may play an important role in virus replication.

A DNA restriction map of the prototype virus, PBCV-1, is available. Genes are rapidly
being mapped on the PBCV-1 genome including DNA polymerase, DNA topoisomerase, a
ser/thr protein kinase, both subunits of ribonucleotide reductase, the major capsid protein
Vp54, a glycoprotein Vp260, a DNA methyltransferase M.CviAlIl, a DNA site-specific
endonuclease CviAll, a translation elongation factor-3, and a DNA methyltransferase
pseudogene. The viruses code for DNA methyltransferases and DNA site-specific (restric-
tion) endonucleases of unknown biological function.

ANTIGENIC PROPERTIES

Antigenic variants of PBCV-1 virus can be isolated which are completely resistant to
polyclonal antibody prepared against prototype PBCV-1. These variants occur at a fre-
quency of about 1 x 10%-1 x 10”. Using polyclonal antibodies prepared against the mutants,
four distinct PBCV-1 antigenic variants have been identified. The antibodies react primarily
with the glycan portion of the major capsid protein.

Additional variants of these viruses can easily be isolated from natural sources.
B10LOGICAL PROPERTIES
HosT RANGE

Nature: The viruses, which are ubiquitous in fresh water throughout the world, are
extremely host specific and only attach rapidly and irreversibly to cell walls of certain
unicellular, eukaryotic, exsymbiotic chlorella-like green algae. Virus attachment is fo-
llowed by dissolution of the host wall at the point of attachment and entry of the viral DNA
and associated proteins into the cell, leaving an empty capsid on the host surface. Beginning
about 2-4 hr. after infection, progeny virions are assembled in the cytoplasm of the host.
Infectious virions can be detected inside the cell about 30 to 40 min. prior to virus release;
virus release occurs by cell wall lysis.
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Laboratory: The hosts, Chlorella strains NC64A and Pbi, can easily be grown in the
laboratory and the viruses can be plaque assayed. Thus large quantities of these viruses can
easily be produced in the laboratory.

TRANSMISSION

The viruses are transmitted horizontally.

T AXONOMIC STRUCTURE OF THE GENUS

Three groups of viruses are delineated based on host specificity.

Group 1. Paramecium bursaria Chlorella NC64A viruses (NC64A viruses)

Group 2. Paramecium bursaria Chlorella Pbi viruses (Pbi viruses)

Group 3. Hydra viridis Chlorella viruses (HVC viruses)

Chlorella strains NC64A, ATCC 30562, and N1A (originally symbionts of the protozoan P.
bursaria), collected in the United States, are the only known host for NC64A viruses.
Chlorella strain Pbi (originally a symbiont of a European strain of P. bursaria) collected in
Germany, is the only known host for Pbi viruses. Pbi viruses do not infect Chlorella strains
NC64A, ATCC 30562, and N1A. Chlorella strain Florida (originally a symbiont of Hydra
viridis) is the only known host for HVCV. NC64A viruses are placed in 16 subgroups based
on plaque size, serological reactivity, resistance of the genome to restriction endonucleases,
and nature and content of methylated bases.

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

1-Paramecium bursaria Chlorella NC64A virus group:
Paramecium bursaria Chlorella virus 1 (PBCV-1)

Paramecium bursaria Chlorella virus AL1A
Paramecium bursaria Chlorella virus AL2A
Paramecium bursaria Chlorella virus AL2C
Paramecium bursaria Chlorella virus BJ2C
Paramecium bursaria Chlorella virus CA1A
Paramecium bursaria Chlorella virus CA1D
Paramecium bursaria Chlorella virus CA2A
Paramecium bursaria Chlorella virus CA4A
Paramecium bursaria Chlorella virus CA4B
Paramecium bursaria Chlorella virus IL2A
Paramecium bursaria Chlorella virus IL2B
Paramecium bursaria Chlorella virus IL3A
Paramecium bursaria Chlorella virus IL3D
Paramecium bursaria Chlorella virus IL5-2s1
Paramecium bursaria Chlorella virus MA1D
Paramecium bursaria Chlorella virus MA1E
Paramecium bursaria Chlorella virus NC1A
Paramecium bursaria Chlorella virus NC1B
Paramecium bursaria Chlorella virus NC1C
Paramecium bursaria Chlorella virus NC1D
Paramecium bursaria Chlorella virus NE-8D
Paramecium bursaria Chlorella virus NESA
Paramecium bursaria Chlorella virus NY2A
Paramecium bursaria Chlorella virus NY2B
Paramecium bursaria Chlorella virus NY2C
Paramecium bursaria Chlorella virus NY2F
Paramecium bursaria Chlorella virus NYb1

(PBCV-AL1A)
(PBCV-AL2A)
(PBCV-AL2C)
(PBCV-BJ2C)
(PBCV-CA1A)
(PBCV-CA1D)
(PBCV-CA2A)
(PBCV-CA4A)
(PBCV-CAA4B)
(PBCV-IL2A)
(PBCV-IL2B)
(PBCV-IL3A)
(PBCV-IL3D)
(PBCV-IL5-2s1)
(PBCV-MA1D)
(PBCV-MAL1E)
(PBCV-NC1A)
(PBCV-NC1B)
(PBCV-NCIC)
(PBCV-NC1D)
(PBCV-NESD)
(PBCV-NESA)
(PBCV-NY2A)
(PBCV-NY2B)
(PBCV-NY2C)
(PBCV-NY2F)
(PBCV-NYb1)
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Paramecium bursaria Chlorella virus NYs (PBCV-NYs)
Paramecium bursaria Chlorella virus SC1A (PBCV-SC1A)
Paramecium bursaria Chlorella virus SC1B (PBCV-SC1B)
Paramecium bursaria Chlorella virus SH6A (PBCV-SH6A)
Paramecium bursaria Chlorella virus XY6E (PBCV-XY6E)
Paramecium bursaria Chlorella virus XZ3A (PBCV-XZ3A)
Paramecium bursaria Chlorella virus XZ4A (PBCV-XZ4A)
Paramecium bursaria Chlorella virus XZ5C (PBCV-XZ5C)
Paramecium bursaria Chlorella virus XZ4C (PBCV-XZ4C)
2-Paramecium bursaria Chlorella Pbi virus group:
Paramecium bursaria Chlorella virus A1l (PBCV-A1)
Paramecium bursaria Chlorella virus Bl (PBCV-B1)
Paramecium bursaria Chlorella virus G1 (PBCV-G1)
Paramecium bursaria Chlorella virus M1 (PBCV-M1)
Paramecium bursaria Chlorella virus R1 (PBCV-R1)
3-Hydra viridis Chlorella virus group:
Hydra viridis Chlorella virus 1 (HVCV-1)
Hydra viridis Chlorella virus 2 (HVCV-2)
Hydra viridis Chlorella virus 3 (HVCV-3)

TENTATIVE SPECIES IN THE GENUS

None reported.

LisT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

Many large polyhedral virus-like particles have been observed in electron micrographs of
eukaryotic algae. However, for the most part these particles have not been characterized.
Particles isolated from three of these algae are reported to contain large dsDNA genomes of
unknown structure.

DERrIVATION OF NAMES

phyco: from Greek phycos, meaning algae
dna: sigla for deoxyribonucleic acid
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FaMILy BACULOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Baculoviridae
Genus Nucleopolyhedrovirus
Genus Granulovirus

VIRION PROPERTIES

MORPHOLOGY

One or two virion phenotypes may be involved in baculovirus infections. The virion
phenotype that initiates infections in the gut epithelium is occluded in a crystalline protein

BY specific Components Commeon Virion Components ODYV and polyhedron

Cap

Peplomers————> ¥ Polyhedron

\ Virus DNA envelope
Envelope glycoprotein Virion
Capsid protein envelope
w (assembled in
Virion envelope nucleus)
(derived from DNA binding
plasma membrane) protein Polyhedrin

Base

Budded Virus Occlusion Derived Virus
(BV) (ODV)

Figure 1: (upper) Diagram of the location of baculovirus structural components. The two baculovirus
phenotypes are shown with shared and phenotype-specific components indicated. (center left) Transmission
electron micrograph of ACMNPV budding from an infected TN-368 cell. (lower left) Negative contrast electron
micrograph of AcMNPV BV with arrows indicating peplomers. (center right) Transmission electron micrograph
of ACMNPV occlusion containing bundles of enveloped virions. (lower right) Negative contrast electron
micrograph of ACMNPV ODV and empty capsids (arrows). Bars represent 100 nm.
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matrix which may be polyhedral in shape. This occlusion may range in size from 0.15 to 15
um and contain many virions (genus Nucleopolyhedrovirus), or may be ovicylindrical (about
0.3 x 0.5 um) and contain only one, or rarely two or more virions (genus Granulovirus).
Virions within occlusions consist of one or more rod-shaped nucleocapsids with distinct
structural polarity enclosed within an envelope thought to be generated by de novo synthesis
and assembled in the nucleus (genus Nucleopolyhedrovirus) or in the nuclear-cytoplasmic
milieu after rupture of the nuclear membrane (genus Granulovirus). The nucleocapsids
average 30-35 nm in diameter and 250-300 nm in length. The envelope of the occlusion
derived virus (ODV) has no peplomers. If infection is not restricted to the gut epithelium, a
second phenotype may infect other tissues. This second phenotype is characterized by
virions that bud primarily as single nucleocapsids from the plasma membrane of infected
cells. Envelopes of the budded virus (BV) are characteristically loose-fitting and contain
terminal peplomers 14-15 nm in length with a single glycoprotein as the major component.

PHYsIcOCHEMICAL AND PHYSICAL PROPERTIES

ODV buoyant density in CsCl is 1.18-1.25 g /cm?, and that of the nucleocapsid is 1.47 g/cm?.
BV buoyant density in sucrose is 1.17-1.18 g/cm?®. Virions of both phenotypes are sensitive
to organic solvents and detergents. BV is marginally sensitive to heat and pH 8-12, is
inactivated by pH 3.0, and is stable in Mg** (10" M to 10° M).

Nucterc Acip
Nucleocapsids contain a single molecule of circular supercoiled dsDNA, 90-160 kb in size.
PROTEINS

Virions contain approximately 12 to 30 different polypeptides. The major protein of the
occlusion is a single polypeptide, viral encoded, Mr 25-33 x 10°. This protein is called
polyhedrin for polyhedroviruses and granulin for granuloviruses. Virions of both pheno-
types contain a major capsid protein and a basic DNA binding protein, but only BV contains
a major envelope protein (the peplomer protein) with fusogenic properties.

Lirips

Lipids are present in the envelopes of ODV and BV.

CARBOHYDRATES

Carbohydrates are present as glycoproteins and glycolipids.
GENOME ORGANIZATION AND REPLICATION

Circular genomic DNA is infectious suggesting that no virion-associated proteins are
essential for infection. Transcription of baculovirus genes is temporally regulated, and two
main classes of genes are recognized, early and late. Some late genes are described as very
late. The gene classes are not clustered on the baculovirus genome, and both strands of the
genome are involved in coding functions. Early genes are transcribed by host RNA
polymerase II, while late and very late genes are transcribed by an alpha-amanitin resistant
RNA polymerase activity. Transcriptional activity throughout replication frequently re-
sults in nested transcripts, both with variable 5' and co-terminal 3' ends, and with co-
terminal 5" and variable 3' ends. RNA splicing occurs, but is rare. BV production begins
during the late phase, and occlusion production during the very late phase. Replication
initiates in the midgut (insects) or digestive gland epithelium (shrimp) of its arthropod
hosts following ingestion of viral occlusions. The occlusions are solubilized in the gut
lumen releasing the enveloped virions which are thought to enter the target epithelium via
fusion with the cell surface membrane. In lepidopteran insects, fusion occurs at in an
alkaline environment, up to pH 12. Replication takes place in the nucleus. In granulovirus-
infected cells, the nuclear membrane appears to lose its integrity during the replication
process. With some baculoviruses, replication is restricted to the gut epithelium and
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progeny virions become enveloped and occluded within these cells, and may be shed into
the gut lumen with sloughed epithelium, or released upon death of the host. Other
baculoviruses produce a second phenotype which buds from the basolateral membrane of
infected gut cells. This budded virus is thought to transmit the infection to internal organs
and tissues. In secondarily infected tissues, BV is produced first and occluded virus second,
with infected fat body being the primary location of occluded virus production. Occluded
virus matures within nuclei of infected cells for nucleopolyhedroviruses (nuclear-cytoplas-
mic milieu for granuloviruses) and is released upon death, and usually liquification, of the

host.
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Figure 2: The circular dsDNA genome of the baculovirus Autographa californica multicapsid nuclear polyhedrosis
virus (ACMNPV) is represented as a circle. EcoRI fragments are indicated and map units (0-100) are labeled on
the inside of the circle. Relative locations and orientations of some ORFs are indicated as solid arrows around
the circle. Abbreviations used are the following: basic DNA bp (p6.9), basic DNA binding protein (6.9 kd); bv efp
(gp64), budded virus envelope fusion protein (64 kd); capsid (p39), major capsid protein (39 kd); cath, cathepsin;
¢¢30, HindIII-C /EcoRI-G 30 kd protein; da16, HindIII-D/EcoRI-A 16 kd protein; da26, HindIII-D /EcoRI-A 26 kd
protein; da41, HindIII-D/EcoRI-A 41 kd protein; DNA pol, DNA polymerase; egt, ecdysterioid UDP-
glucosylttransferase; ets, HindIII-E-EcoRI-T-small; fpl (25 kd), few polyhedra locus protein (25 kd); gp37,
glycoprotein 37 kd (slp, spheroidin-like protein); HR, homologous repeat; p35, suppressor of apoptosis; ie0,
immediate early gene 0; iel, immediate early gene 1; ie-n (ie2),immediate early gene 2; lef-1, 1ate expression factor
1; lef-2, late expression factor 2; me53, major early 53 kd; orf1629, 1629 nt ORF; orf603, 603 nt ORF; pcna (etl),
proliferating cell nuclear antigen (HindIII-E-EcoRI-T-large); pe38, Pstl-EciR1 38 kd; pep (pp34), polyhedral
envelope protein (phosphoprotein 34 kd); pk, protein kinase; polyhedrin, major occlusion protein; pp31 (39),
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phosphoprotein 31 kd (originally named 39 kd protein); ptp, protein tyrosine/serine phosphatase; sod, superox-
ide dismutase; ubi, ubiquitin.

ANTIGENIC PROPERTIES

Antigenic determinants that cross-react exist on virion proteins and on the major subunit of
polyhedrin and granulin polypeptides. Neutralizing antibodies react with the major
surface glycoprotein of BV.

BioLoGICAL PROPERTIES

GENUS

Type Species

Baculoviruses have been isolated only from arthropods; primarily from insects of the order
Lepidoptera, but also Hymenoptera, Diptera, Coleoptera, Neuroptera, Thysanura and Trichoptera
as well as from the crustacean order Decapoda (shrimp). Horizontal transmission occurs by
contamination of food, egg surface, etc.; vertical transmission via the egg has been reported;
experimental transmission can be accomplished by injection of intact hosts or by infection or
transfection of cell cultures. Typically the infectious process in insects takes a week, and as
an end result, the diseased insect liquifies, releasing occluded virus into the environment.

NUCLEOPOLYHEDROVIRUS

Autographa californica nucleopolyhedrovirus (AcMNPV)

Di1STINGUISHING FEATURES

Two virion phenotypes may be characteristic of a virus species, but one is occluded within
a polyhedral proteinic matrix composed primarily of a single protein. Each occlusion
measures (.15 to 15 um in size, matures within nuclei of infected cells and characteristically
contains many enveloped virions. The occluded phenotypes of species are packaged as one
(S) or multiple (M) nucleocapsids within a single viral envelope. Factors that regulate
nucleocapsid packaging are unknown and for some species packaging arrangements may
be variable. S/M designations in common usage have been retained for species where
variability has not been reported and for distinct viruses that would otherwise have
identical designations under the current nomenclature. Nucleocapsids are rod-shaped (30-
60 nm x 250-300 nm) and contain a single molecule of circular supercoiled dsDNA 90-160 kb
in size. Nucleocapsids are thought to be transported through the nuclear pore into the

nucleus to initiate replication. Species may infect any of seven orders of insects and an order
of Crustacea.

LisT OF SPECIES IN THE GENUS

The viruses and their assigned abbreviations ( ) are:

SPECIES IN THE GENUS

Anticarisia gemmatalis MNPV (AgMNPV)
Autographa californica MNPV (AcMNPV)
Bombyx mori NPV (BmNPV)
Choristoneura fumiferana MNPV (CIMNPV)
Galleria mellonella MNPV (GmMNPV)
Helicoverpa zea SNPV (HzSNPV)
Lymantria dispar MNPV (LAMNPV)
Mamestra brassicae MNPV (MbMNPV)
Orgyia pseudosugata MNPV (OpMNPV)
Orgyia pseudosugata SNPV (OpSNPV)
Rachiplusia ou MNPV (RoMNPYV)
Spodoptera exigua MNPV (SeMNPV)
Spodoptera frugiperda MNPV (SEMNPV

)
Trichoplusia ni MNPV (TnMNPV)
Trichoplusia ni Single SNPV (TnSNPV)
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TENTATIVE SPECIES IN THE GENUS

Abraxas grossulariata NPV
Achaea janata NPV

Acidalia carticcaria NPV
Acleris variana NPV
Actebia fennica NPV
Adisura atkinsoni NPV
Aedes aegypti NPV

Aedes atropalpus NPV
Aedes nigromaculis NPV
Aedes sollicitans NPV
Aedes tormentor NPV
Aedia leucomelas NPV
Agraulis vanillae NPV
Agrotis ipsilon NPV
Alabama argillacea NPV
Alphaea phasma NPV
Amathes c-nigrum NPV
Amphidasis cognataria NPV
Amsacta lactinea NPV
Amyelois transitella NPV
Anagasta kuehniella NPV
Anaitis plagiata NPV
Anomis flava NPV
Anomogyna elimata NPV
Anthela varia NPV
Antheraea paphia NPV
Antheraea polyphemus NPV
Anthonomus glandis PV
Apamea anceps NPV
Apocheima pilosaria NPV
Aproaerema modicella NPV
Archips cerasivoranus NPV
Artica villica NPV

Arge pectoralis NPV
Argyrogramma basigera NPV
Autographa biloha NPV
Autographa gamma NPV
Autographa precationis NPV
Bellura gortynoides NPV
Biston betularia NPV

Biston hispidaria NPV
Biston robustum NPV
Boarmia bistortata NPV
Bucculatrix thurbeliella NPV
Buzura suppressaria NPV
Cadra cautella NPV
Calliphora vomitoria NPV
Canephora asiatica NPV
Carposina niponensis NPV
Catocala conjuncta NPV
Catocala nymphagoga NPV
Cephalcia abietis NPV
Ceramica pisi NPV

Cerura hermelina NPV
Chirono mustentans NPV
Choristoneura diversana NPV
Choristoneura occidentalis NPV
Choristoneura rosaceana NPV
Chrysodeixis eriosoma NPV
Cingilia caternaria NPV
Coleophora laricella NPV
Colias eurytheme NPV
Colias philodice NPV
Corcyrace phalonica NPV
Cossus cossus NPV
Cryptothelea junodi NPV
Culcuta panterinaria NPV
Culex salinarius NPV

(AbgrNPV)
(AcjaNPV)
(AccaNPV)
(AcvaNPV)
(AcfeNPV)
(AdatNPV)
(AeaeNPV)
(AeatNPV)
(AeniNPV)
(AesoNPV)
(AetoNPV)
(AeleNPV)
(AgvaNPV)
(AgipNPV)
(AlarNPV)
(AlIphNPV)
(Amc-nNPV)
(AmcoNPV)
(AmlaNPV)
(AmtrNPV)
(AnkuNPV)
(AnpINPV)
(AnfINPV)
(AnelNPV)
(AnvaNPV)
(AnpaNPV)
(AnpoNPV)
(AngINPV)
(ApanNPV)
(AppiNPV)
(ApmoNPV)
(ArceNPV)
(ArviNPV)
(ArpeNPV)
(ArbaNPV)
(AubiNPV)
(AugaNPV)
(AuprNPV)
(BegoNPV)
(BibeNPV)
(BihsNPV)
(BiroNPV)
(BobiNPV)
(ButhNPV)
(BusuNPV)
(CacaNPV)
(CavoNPV)
(CaasNPV)
(CaniNPV)
(CacoNPV)
(CanmNPV)
(CeabNPV)
(CepsNPV)
(CeheNPV)
(ChteNPV)
(ChdiNPV)
(ChooNPV)
(ChroNPV)
(CherNPV)
(CicaNPV)
(ColaNPV)
(CoeuNPV)
(CophNPV)
(CophNPV)
(CocoNPV)
(CrjuNPV)
(CupaNPV)
(CusaNPV)

Acantholyda erythrocephala NPV
Achroia grisella NPV
Acleris gloverana NPV
Acronicta aceris NPV

Actias selene NPV
Adoxophyes orana NPV
Aedes annandalei NPV
Aedes epactius NPV

Aedes scutellaris NPV
Aedes taeniorhynchus NPV
Aedes triseriatus NPV
Aglais urticae NPV

Agrotis exclamationis NPV
Agrotis segetum NPV

Aletia oxygala NPV
Alsophila pometaria NPV
Amphelophaga rubiginosa NPV
Amsacta albistriga NPV
Amsacta moorei NPV
Anadevidia peponis NPV
Anagrapha falcifera NPV
Anisota senatoria NPV
Anomis sabulifera NPV
Anopheles crucians NPV
Anthelia hyperborea NPV
Antheraea pernyi NPV
Antheraea yamamai NPV
Anthrenus museorum NPV
Apocheima cinerarius NPV
Aporia crataegi NPV
Araschnia levana NPV
Arctia caja NPV

Ardices glatignyi NPV
Argynnis paphia NPV
Astero campaceltis NPV
Autographa bimaculata NPV
Autographa nigrisigna NPV
Batocera lineolata NPV
Bhima undulosa NPV
Biston hirtaria NPV

Biston marginata NPV
Biston strataria NPV
Boarmia obliqua NPV
Bupalus piniarius NPV
Buzura thibtaria NPV

Cadra figulilella NPV
Calophasia lunula NPV
Caripeta divisata NPV
Catabena esula NPV
Catocala nymphaea NPV
Catopsilia pomona NPV
Ceramica picta NPV
Cerapteryx graminis NPV
Chilo suppressalis NPV
Choristoneura conflictana NPV
Choristoneura murinana NPV
Choristoneura pinus NPV
Chrysodeixis chalcites NPV
Chrysopa perla NPV
Cnidocampa flavescens NPV
Colias electo NPV

Colias lesbia NPV

Coloradia pandora NPV
Cosmotriche podatoria NPV
Cryptoblabes lariciana NPV
Cryptothelea variegata NPV
Culex pipiens NPV
Cyclophragma undans NPV

(AcerNPV)
(AcgrNPV)
(AcgINPV)
(AcaoNPV)
(AcseNPV)
(AdorNPV)
(AeanNPV)
(AeepNPV)
(AescNPV)
(AetaNPV)
(AetrNPV)
(AgurNPV)
(AgexNPV)
(AgseNPV)
(AloxNPV)
(AlpoNPV)
(AmruNPV)
(AmalNPV)
(AmmoNPV)
(AnpeNPV)
(AnfaNPV)
(AnseNPV)
(AnsaNPV)
(AncrNPV)
(AnhyNPV)
(AnpeNPV)
(AnyaNPV)
(AnmuNPV)
(ApciNPV)
(ApcrNPV)
(ArleNPV)
(ArcaNPV)
(ArgINPV)
(ArpaNPV)
(AscaNPV)
(AubmNPV)
(AuniNPV)
(BaliNPV)
(BhunNPV)
(BihiNPV)
(BimaNPV)
(BistNPV)
(BoobNPV)
(BupiNPV)
(ButiNPV)
(CafiNPV)
(CaluNPV)
(CadiNPV)
(CaesNPV)
(CanyNPV)
(CapoNPV)
(CepiNPV)
(CegrNPV)
(ChsuNPV)
(ChcoNPV)
(ChmuNPV)
(ChpiNPV)
(ChchNPV)
(ChpeNPV)
(CnfINPV)
(CoelNPV)
(ColeNPV)
(CopaNPV)
(CopoNPV)
(CrlaNPV)
(CrvaNPV)
(CupiNPV)
(CyunNPV)



Cyclophragma yamadai NPV
Dasychira abietis NPV
Dasychira axutha NPV
Dasychira confusa NPV
Dasychira locuples NPV
Dasychira plagiata NPV
Dasychira pudibunda NPV
Deileptenia ribeata NPV
Dendrolimus pini NPV
Dendrolimus spectabilis NPV
Diachrysia orichalcea NPV
Diacrisia purpurata NPV
Diaphora mendica NPV
Diatraea saccharalis NPV
Dictyoploca japonica NPV
Dilta hibernica NPV
Diparopsis watersi NPV
Diprion leuwanensis NPV
Diprion pallida NPV
Diprion pini NPV

Diprion similis NPV
Doratifera casta NPV
Dryobota protea NPV

Earias insulana NPV
Ectropis crepuscularia NPV
Ennomos quercaria NPV
Ennomos subsignarius NPV
Epargyreus clarus NPV
Epiphyas postvittana NPV
Erannis defoliaria NPV
Erannis vancouverensis NPV
Erinnyis ello NPV
Estigmene acrea NPV
Eupithecia longipalpata NPV
Euproctis chrysorrhoea NPV
Euproctis flavinata NPV
Euproctis pseudoconspersa NPV
Euproctis subflava NPV
Euxoa auxiliaris NPV

Euxoa ochrogaster NPV
Feralia jacosa NPV

Hadena sordida NPV
Halisidota caryae NPV
Helicoverpa assulta NPV
Helicoverpa paradoxa NPV
Helicoverpa phloxiphaga NPV
Helicoverpa rubrescens NPV
Helicoverpa virescens NPV
Hemichroa crocea NPV
Hemileuca maia NPV
Hemileuca tricolor NPV
Hippotion eson NPV
Hoplodrina ambigua NPV
Hydriomena irata NPV
Hyles euphorbiae NPV
Hyles lineata NPV

Hyloicus pinastri NPV
Hyphantria cunea NPV
Hypocrita jacobeae NPV
Ilragoides fasciata NPV
Ivela ochropoda NPV
Junonia coenia NPV
Lambdina fiscellaria NPV
Lasiocampa quercus NPV
Lebeda nobilis NPV
Leucoma candida NPV
Lophopteryx camelina NPV
Luehdorfia japonica NPV
Lymantria dissoluta NPV
Lymantria incerta NPV
Lymantria monacha NPV

(CyyaNPV)
(DaabNPV)
(DaaxINPV)
(DacoNPV)

(DespNPV)
(DiorNPV)
(DipuNPV)
(DimeNPV)
(DisaNPV)
(DijaNPV)
(DihiNPV)
(DiwaNPV)
(DileNPV)
(DipaNPV)
(DipiNPV)
(DisiNPV)
(DocaNPV)
(DrprNPV)
(EainNPV)
(EccrNPV)
(EnquNPVv)
(EnsuNPV)
(EpcINPV)
(EppoNPV)
(ErdeNPV)
(ErvaNPV)
(EreINPV)
(EsacNPV)
(EuloNPV)
(EuchNPV)
(EufvNPV)
(EupsNPV)
(EusuNPV)
(EuauNPV)
(EuocNPV)
(FejaNPV)
(HasoNPV)
(HacaNPV)
(HeasNPV)
(HepaNPV)
(HephNPV)
(HeruNPV)
(HeviNPV)
(HecrNPV)
(HemaNPV)
(HetrNPV)
(HiesNPV)
(HoamNPV)
(HyirNPV)
(HyeuNPV)
(HyliNPV)
(HypiNPV)
(HycuNPV)
(HyjaNPV)
(IifaNPV)
(IvocNPV)
(JucoNPV)
(LafiNPV)
(LaquNPV)
(LenNPV)
(LecalNPV)
(LocaNPV)
(LujaNPV)
(LydsNPV)
(LyinNPV)
(LymoNPV)
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Cydia pomonella NPV
Dasychira argentata NPV
Dasychira basiflava NPV
Dasychira glaucinoptera NPV
Dasychira mendosa NPV
Dasychira pseudabietis NPV
Deilephila elpenor NPV
Dendrolimus latipennis NPV
Dendrolimus punctatus NPV
Dermeste lardarius NPV
Diacrisia obliqua NPV
Diacrisia virginica NPV
Diatraea grandiosella NPV
Dichocrocis punctiferalis NPV
Dicycla oo NPV

Dioryctria pseudotsugella NPV
Diprion hercyniae NPV
Diprion nipponica NPV
Diprion pindrowi NPV
Diprion polytoma NPV
Dirphia gragatus NPV
Dryobota furva NPV
Dryobotodes monochroma NPV
Ecpantheria icasia NPV
Ectropis obliqua NPV
Ennomos quercinaria NPV
Enypia venata NPV

Ephestia elutella NPV
Erannis ankeraria NPV
Erannis tiliaria NPV
Eratmapodites quinquevittatus NPV
Eriogyna pyretorum NPV
Eupithecia annulata NPV
Euproctis bipunctapex NPV
Euproctis flava NPV
Euproctis karghalica NPV
Euproctis similis NPV
Euthyatira pudens NPV
Euxoa messoria NPV

Euxoa scandens NPV
Gastropacha quercifolia NPV
Halisidota argentata NPV
Helicoverpa armisgera NPV
Helicoverpa obtectus NPV
Helicoverpa peltigera NPV
Helicoverpa punctigera NPV
Helicoverpa subflexa NPV
Hemerobius stigma NPV
Hemileuca eglanterina NPV
Hemileuca oliviae NPV
Hesperumia sulphuraria NPV
Homona magnanima NPV
Hyalophora cecropia NPV
Hydriomena nubilofasciata NPV
Hyles gallii NPV

Hylesia nigricans NPV
Hyperetis amicaria NPV
Hyphorma minax NPV
Inachis io NPV

Ivela auripes NPV
Jankowskia athleta NPV
Lacanobia oleracea NPV
Laothoe populi NPV
Lasiocampa trifolii NPV
Lechriolepis basirufa NPV
Leucoma salicis NPV
Loxostege sticticalis NPV
Lymantria dispar NPV
Lymantria fumida NPV
Lymantria mathura NPV
Lymantria ninayi NPV

(CypoNPV)
(DaarNPV)
(DabaNPV)
(DagINPV)
(DameNPV)
(DapsNPV)
(DeelNPV)
(DelaNPV)
(DepuNPV)
(DelaNPV)
(DiobNPV)
(DiviNPV)
(DigrNPV)
(DipuNPV)
(DiooNPV)
(DipsNPV)
(DiheNPV)
(DiniNPV)
(DipdNPV)
(DipoNPV)
(DigrNPV)
(DrfuNPV)
(DrmoNPV)
(EcicNPV)
(EcobNPV)
(EnquNPV)
(EnveNPV)
(EpelNPV)
(EranNPV)
(ErtiNPV)
(ErquNPV)
(ErpyNPV)
(EuanNPV)
(EubiNPV)
(EufINPV)
(EukaNPV)
(EusiNPV)
(EupuNPV)
(EumeNPV)
(EuscNPV)
(GaquNPV)
(HaarNPV)
(HearNPV)
(HeobNPV)
(HepeNPV)
(HepuNPV)
(HesuNPV)
(HestNPV)
(HeegNPV)
(HeoINPV)
(HesuNPV)
(HomaNPV)
(HyceNPV)
(HynuNPV)
(HygaNPV)
(HyniNPV)
(HyamNPV)
(HymiNPV)
(InioNPV)
(IvauNPV)
(JaatNPV)
(LaolNPV)
(LapoNPV)
(LatrNPV)
(LebaNPV)
(LesaNPV)
(LostNPV)
(LydiNPV)
(LyfuNPV)
(LymaNPV)
(LyniNPV)
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Lymantria obfuscata NPV
Lymantria xylina NPV
Mahasena miniscula NPV
Malacosoma americanum NPV
Malacsoma constrictum NPV
Malacsoma fragile NPV
Malacsoma neustria NPV
Mamestra configurata NPV
Manduca sexta NPV

Melitaea didyma NPV
Mesonura rufonota NPV
Mpyrteta tinagmaria NPV
Nadata gibbosa NPV
Neodiprion abietis NPV
Neodiprion leconti NPV
Neodiprion pratti NPV
Neodiprion swainei NPV
Neodiprion tsugae NPV
Neophasia menapia NPV
Nephelodes emmedonia NPV
Nepytia phantasmaria NPV
Nyctobia limitaria NPV
Nymphalis polychloros NPV
Ocinara varians NPV
Operophtera brumata NPV
Opisthograptis luteolata NPV
Opsiphanes cassina NPV
Orgyia anartoides NPV
Orgyia australis NPV

Orgyia gonostigma NPV
Orgyia postica NPV

Orgyia vetusta NPV

Orthosia incerta NPV
Pachypasa capensis NPV
Paleacrita vernata NPV
Pandemis heparana NPV
Panolis flammea NPV
Panthea portlandia NPV
Parasa lepida NPV

Parnara guttata NPV

Papilio daunis NPV

Papilio podalirius NPV
Papilio xuthus NPV
Peribatoides simpliciaria NPV
Peridroma saucia NPV

Pero mizon NPV

Phalera bucephala NPV
Phauda flammans NPV
Phlogophora meticulosa NPV
Phthonosema tendinosaria NPV
Pieris rapae NPV

Plathypena scabra NPV
Plusia argentifera NPV
Plusia signata NPV
Polygonia c-album NPV
Porthesia scintillans NPV
Pristophora geniculata NPV
Prodenia praefica NPV
Protoboarmia porcelaria NPV
Pseudaletia separata NPV
Psorophora confinnis NPV
Psorophora varipes NPV
Ptycholomoides aeriferana NPV
Pygaera anastomosis NPV
Pyrausta diniasalis NPV
Rhyacionia duplana NPV
Rhynchosciara hollaenderi NPV
Rondiotia menciana NPV
Samia pryeri NPV

Saturnia pyri NPV
Scirpophaga incertulas NPV

(LyobNPV)
(LyxyNPV)
(MamiNPV)
(MaamNPV)
(MacoNPV)
(MafrNPV)
(Mane NPV)
(MacoNPV)
(MaseNPV)
(MediNPV)
(MeruNPV)
(MytiNPV)
(NagiNPV)
(NeabNPV)
(NeleNPV)
(NeprNPV)
(NeswNPV)
(NetsNPV)
(NemeNPV)
(NeemNPV)
(NephNPV)
(NyliNPV)
(NypoNPV)
(OcvaNPV)
(OpbuNPV)
(OpluNPV)
(OpcaNPV)
(OranNPV)
(OrauNPV)
(OrgoNPV)
(OrpoNPV)
(OrveNPV)
(OrinNPV)
(PacaNPV)
(PaveNPV)
(PaheNPV)
(PafINPV)
(PapoNPV)
(PaleNPV)
(PaguNPV)
(PadaNPV)
(PapoNPV)
(PaxuNPV)
(PesiNPV)
(PesaNPV)
(PemiNPV)
(PhbuNPV)
(PhfaNPV)
(PhmeNPV)
(PhteNPV)
(PiraNPV)
(PlscNPV)
(PlarNPV)
(P1siNPV)
(Poc-aNPV)
(PoscNPV)
(PrgeNPV)
(PrprNPV)
(PrpoNPV)
(PsseNPV)
(PscnNPV)
(PsvaNPV)
(PtaeNPV)
(PyanNPV)
(PydiNPV)
(RhduNPV)
(RhhoNPV)
(RomeNPV)
(SaprNPV)
(SapyNPV)
(ScinNPV)

Lymantria violaswinhol NPV
Macrothylacia rubi NPV
Malacosoma alpicola NPV
Malacosoma californicum NPV
Malacsoma disstria NPV
Malacsoma lutescens NPV
Malacsoma pluviale NPV
Mamestra suasa NPV
Melanolophia imitata NPV
Merophyas divulsana NPV
Moma champa NPV
Nacoleia octosema NPV
Nematus olfaciens NPV
Neodiprion excitans NPV
Neodiprion nanultus NPV
Neodiprion sertifer NPV
Neodiprion taedae NPV
Neodiprion virginiana NPV
Neopheosia excurvata NPV
Nepytia freemani NPV
Noctua pronuba NPV
Nymphalis antiopa NPV
Nymphula depunctalis NPV
Operophtera bruceata NPV
Opisina arenosella NPV
Oporinia autumnata NPV
Oraesia emarginata NPV
Orgyia antiqua NPV

Orgyia badia NPV

Orgyia leucostigma NPV
Orgyia turbata NPV
Orthosia hibisci NPV
Ostrinia nubilalis NPV
Pachypasa otus NPV
Panaxia dominula NPV
Pandemis lamprosana NPV
Pantana phyllostachysae NPV
Parasa consocia NPV

Parasa sinica NPV

Parnara mathias NPV
Papilio demoleus NPV
Papilio polyxenes NPV
Pectinophora gossypiella NPV
Pericallia ricini NPV

Pero behrensarius NPV
Phalera assimilis NPV
Phalera flavescens NPV
Phigalia titea NPV
Phryganidia californica NPV
Phthorimaea operculella NPV
Pikonema dimmockii NPV
Platynota idaesalis NPV
Plusia balluca NPV

Plutella xylostella NPV
Polygonia satyrus NPV
Pristophora erichsonii NPV
Prodenia litosia NPV
Prodenia terricola NPV
Pseudaletia convecta NPV
Pseudoplusia includens NPV
Psorophora ferox NPV
Pterolocera amplicornis NPV
Ptychopoda seriata NPV
Pygaera fulgurita NPV
Rachiplusia nu NPV
Rhynchosciara angelae NPV
Rhynchosciara milleri NPV
Samia cynthia NPV

Samia ricini NPV

Sceliodes cordalis NPV
Scoliopteryx libatrix NPV

(LyviNPV)
(MaruNPV)
(MaalNPV)
(MacaNPV)
(MadiNPV)
(MaluNPV)
(MapINPV)
(MasuNPV)
(MeimNPV)
(MediNPV)
(MochNPV)
(NaocNPV)
(NeoINPV)
(NeexNPV)
(NenaNPV)
(NeseNPV)
(NetaNPV)
(NeviNPV)
(NeexNPV)
(NefrNPV)
(NoprNPV)
(NyanNPV)
(NydeNPV)
(OpbrNPV)
(OparNPV)
(OpauNPV)
(OremNPV)
(OratNPV)
(OrbaNPV)
(OrleNPV)
(OrtuNPV)
(OrhiNPV)
(OsnuNPV)
(PaotNPV)
(PadoNPV)
(PalaNPV)
(PaphNPV)
(PacoNPV)
(PasiNPV)
(PamaNPV)
(PadeNPV)
(PapINPV)
(PegoNPV)
(PeriNPV)
(PebeNPV)
(PhasNPV)
(PhfINPV)
(PhtiNPV)
(PhcaNPV)
(PhopNPV)
(PidiNPV)
(PlidNPV)
(PIbaNPV)
(PIxyNPV)
(PosaNPV)
(PrerNPV)
(PrliNPV)
(PrteNPV)
(PscoNPV)
(PsinNPV)
(PsfeNPV)
(PtaeNPV)
(PtseNPV)
(PyfuNPV)
(RanuNPV)
(RhanNPV)
(RhmiNPV)
(SacyNPV)
(SariNPV)
(SccoNPV)
(ScliNPV)



GENUS

Type Species

Scopelodes contracta NPV (SccoNPV)
Scopula subpunctaria NPV (ScsuNPV)
Selenephera lunigera NPV (SeluNPV)
Semidonta biloba NPV (SebiNPV)
Sesamia inferens NPV (SeinNPV)
Sparganothis pettitana NPV (SppeNPV)
Spilarctia subcarnea NPV (SpsuNPV)
Spilosoma lubricipeda NPV (SpluNPV)
Spodoptera exigua NPV (SpeiNPV)
Spodoptera latifascia NPV (SplaNPV)
Spodoptera litura NPV (SpltNPV)
Spodoptera ornithogalli NPV (SporNPV)
Synaxis pallulata NPV (SypaNPV)
Tetralopha scortealis NPV (TescNPV)
Thaumetopoea pityocampa NPV (ThpiNPV)
Theophila mandarina NPV (ThmaNPV)
Thosea baibarana NPV (ThbaNPV)
Thylidolpteryx ephemeraeformis NPV~ (ThepNPV)
Tinea pellionella NPV (TipeNPV)
Tipula paludosa NPV (TipaNPV)
Tortrix loeflingiana NPV (ToloNPV)
Toxorhynchites brevipalpis NPV (TobrNPV)
Trichiocampus irregularis NPV (TrirNPV)
Ugymyia sericariae NPV (UgseNPV)
Urbanus proteus NPV (UrprNPV)
Vanessa cardui NPV (VacaNPV)
Wiseana cervinata NPV (WiceNPV)
Wiseana umbraculata NPV (WiumNPV)
Xylena curvimacula NPV (XycuNPV)
Yponomeuta evonymella NPV (YpevNPV)
Yponomeuta padella NPV (YppaNPV)
Zeiraphera pseudotsugana NPV (ZepsNPV)

NPV, nucleopolyhedrovirus; M, multiple; S, single.
GRANULOVIRUS

Plodia interpunctella granulovirus

DISTINGUISHING FEATURES
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Scopelodes venosa NPV
Scotogramma trifolii NPV
Selidosema suavis NPV
Sesamia calamistis NPV
Smerinthus ocellata NPV
Sphinx ligustri NPV
Spilonota ocellana NPV
Spodoptera exempta NPV
Spodoptera frugiperda NPV
Spodoptera littoralis NPV
Spodoptera mauritia NPV
Synaxis jubararia NPV
Syngrapha selecta NPV
Tetropium cinnamopterum NPV
Thaumetopoea processionea NPV
Theretra japonica NPV
Thymelicus lineola NPV
Ticera castanea NPV

Tineola hisselliella NPV
Tiracola plagiata NPV
Tortrix viridana NPV
Trabala vishnou NPV
Trichiocampus viminalis NPV
Uranotaenia sapphirina NPV
Vanessa atalanta NPV
Vanessa prorsa NPV
Wiseana signata NPV
Wyeomyia smithii NPV
Yponomeuta cognatella NPV
Yponomeuta malinellus NPV
Zeiraphera diniana NPV

(ScveNPV)
(SctrNPV)
(SesuNPV)
(SecaNPV)
(SmocNPV)
(SpligNPV)
(SpocNPV)
(SpexNPV)
(SpfrNPV)
(SpliNPV)
(SpmaNPV)
(SyjuNPV)
(SyseNPV)
(TeciNPV)
(ThprNPV)
(ThjaNPV)
(ThliNPV)
(TicaNPV)
(TihiNPV)
(TipINPV)
(ToviNPV)
(TrviNPV)
(TrvmNPV)
(UrsaNPV)
(VaatNPV)
(VaprNPV)
(WisiNPV)
(WysmNPV)
(YpcoNPV)
(YpmaNPV)
(ZediNPV)

(PiGV)

Two virion phenotypes may be characteristic of a virus species, but one is occluded within
an ovicylindrical proteinic matrix composed primarily of a single protein. Each occlusion
measures 0.13 x 0.5 um in size and characteristically contains one enveloped nucleocapsid.
One nucleocapsid generally is contained within a single envelope. Occluded virions may
mature among nuclear-cytoplasmic cellular contents after rupture of the nuclear membrane
of infected cells. Nucleocapsids are rod-shaped (30-60 nm x 250-300 nm) and contain a
single molecule of circular supercoiled dsDNA 90-180 kb in size. Viral DNA is thought to be
extruded into the nucleus through the nuclear pore to initiate infection; the capsid remains
in the cytoplasm. Species of this genus have only been isolated from lepidopteran insects.

LisT OF SPECIES IN THE GENUS

The viruses and their assigned abbreviations () are:

SPECIES IN THE GENUS

Trichoplusia ni granulovirus
Pieris brassicae granulovirus
Artogeia rapae granulovirus
Cydia pomonella granulovirus

TENTATIVE SPECIES IN THE GENUS

Amelia pallorana GV (AmpaGV)
Andraca bipunctata GV (AnbiGV)
Apamea sordens GV (ApsoGV)

Amsacta lactinea GV
Apamea anceps GV
Archippus breviplicanus GV

(TnGV)
(PbGV)
(AIGV)
(CpGV)

(AmlaGV)
(ApanGV)
(ArbrGV)
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Archippus packardianus GV
Archips longicellana GV
Artona funeralis GV
Autographa californica GV
Cadra figulilella GV
Cephalcia fascipennis GV
Chilo sacchariphagus GV
Choristoneura conflictana GV
Choristoneura murinana GV
Choristoneura retiniana GV
Clepsis persicana GV
Cnidocampa flavescens GV
Cryptophlebia leucotreta GV
Darna trima GV
Dendrolimus spectabilis GV
Diacrisia virginica GV
Dionychopus amasis GV
Dryobota furva GV

Ectropis obliqua GV
Estigmene acrea GV
Eupsilia satellitia GV

Euxoa messoria GV
Exartema appendiceum GV
Glena bisulca GV

Griselda radicana GV
Hadena sordida GV
Helicoverpa armisgera GV
Helicoverpa zea GV
Hemileuca oliviae GV
Homona magnanima GV
Hyphantria cunea GV
Lacanobia oleracea GV
Lathronympha phaseoli GV
Loxostege sticticalis GV
Malacsoma pluviale GV
Mamestra configurata GV
Manduca sexta GV
Melanchra persicariae GV
Natada nararia GV
Nephelodes emmedonia GV
Papaipema purpurifascia GV
Parasa consocia GV

Parasa sinica GV

Peridroma saucia GV
Phragmatobia fuliginosa GV
Pieris melete GV

Pieris rapae GV

Plathypena scabra GV
Plutella xylostella GV
Prodenia androgea GV
Pseudaletia separata GV
Psilogramma menephron GV
Pygaera anastomosis GV
Rhyacionia buoliana GV
Rhyacionia frustrana GV
Sciaphila duplex GV

Selepa celtis GV

Sesamia cretica GV
Spodoptera exigua GV
Spodoptera littoralis GV
Thaumetopoea pityocampa GV
Wiseana cervinata GV
Zeiraphera diniana GV

GV, granulovirus.

None reported.

(ArpaGV)
(ArloGV)
(ArfuGV)
(AucaGV)
(CafiGV)
(CefaGV)
(ChsaGV)
(ChcoGV)
(ChmuGV)
(ChreGV)
(ClpeGV)
(CnfIGV)
(CrleGV)
(DatrGV)
(DespGV)
(DiviGV)
(DiamGV)
(DrfuGV)
(EcobGV)
(EsacGV)
(EusaGV)
(EumeGV)
(ExapGV)
(GIbiGV)
(GrraGV)
(HasoGV)
(HearGV)
(HezeGV)
(HeolGV)
(HomaGV)
(HycuGV)
(LaolGV)
(LaphGV)
(LostGV)
(MaplGV)
(MacoGV)
(MaseGV)
(MepeGV)
(NanaGV)
(NeemGV)
(PapuGV)
(PacoGV)
(PasiGV)
(PesaGV)
(PhfuGV)
(PimeGV)
(PiraGV)
(PlscGV)
(PIxyGV)
(PranGV)
(PsseGV)
(PsmeGV)
(PyanGV)
(RhbuGV)
(RhfrGV)
(ScduGV)
(SeceGV)
(SecrGV)
(SpexiGV)
(SpliGV)
(ThpiGV)
(WiceGV)
(ZediGV)

LisT oF UNASSIGNED VIRUSES IN THE FAMILY

Archips argyrospila GV
Argyrotaenia velutinana GV
Athetis albina GV

Cadra cautella GV
Carposina niponensis GV
Chilo infuscatellus GV
Chilo suppressalis GV
Choristoneura fumiferana GV
Choristoneura occidentalis GV
Choristoneura viridis GV
Cnaphalocrocis medinalis GV
Coleotechnites milleri GV
Cydia nigricana GV
Dendrolimus sibiricus GV
Diacrisia obliqua GV
Diatraea saccharalis GV
Dioryctria abietella GV
Ecpantheria icasia GV
Epinotia aporema GV
Euplexia lucipara GV

Euxoa auxiliaris GV

Euxoa ochrogaster GV
Feltia subterranea GV
Grapholitha molesta GV
Hadena basilinea GV
Harrisina brillians GV
Helicoverpa punctigera GV
Hemileuca eglanterina GV
Homona coffearia GV
Hydria prunivora GV
Junonia coenia GV
Lambdina fiscellaria GV
Lobesia botrana GV
Macroglossum bombylans GV
Mamestra brassicae GV
Manduca quinquemaculata GV
Megalopyge opercularis GV
Nacoleia diemenalis GV
Nematocampa filamentaria GV
Nymphalis antiopa GV
Parasa bicolor GV

Parasa lepida GV

Pericallia ricini GV
Persectania ewingii GV
Phthorimaea operculella GV
Pieris napi GV

Pieris virginiensis GV
Plusia circumflexa GV
Pontia daplidice GV
Pseudaletia convecta GV
Pseudaletia unipuncta GV
Pygaera anachoreta GV
Rheumaptera hastata GV
Rhyacionia duplana GV
Sabulodes caberata GV
Scotogramma trifolii GV
Semiothisa sexmaculata GV
Sesamia nonagrioides GV
Spodoptera frugiperda GV
Spodoptera litura GV
Thosea sinensis GV
Wiseana umbraculata GV

(ArarGV)
(ArveGV)
(AtalGV)
(CacaGV)
(CaniGV)
(ChinGV)
(ChsuGV)
(ChfuGV)
(ChooGV)
(ChviGV)
(CnmeGV)
(ComiGV)
(CyniGV)
(DesiGV)
(DiobGV)
(DisaGV)
(DiabGV)
(EcicGV)
(EpapGV)
(EuluGV)
(EuauGV)
(EuocGV)
(FesuGV)
(GrmoGV)
(HabaGV)
(HabrGV)
(HepuGV)
(HeegGV)
(HocoGV)
(HyprGV)
(JucoGV)
(LafiGV)
(LoboGV)
(MaboGV)
(MabrGV)
(MaquGV)
(MeopGV)
(NadiGV)
(NefiGV)
(NyanGV)
(PabiGV)
(PaleGV)
(PeriGV)
(PeewGV)
(PhopGV)
(PinaGV)
(PiviGV)
(PlciGV)
(PodaGV)
(PscoGV)
(PsunGV)
(PyaaGV)
(RhhaGV)
(RhduGV)
(SacaGV)
(SctrGV)
(SeseGV)
(SenoGV)
(SpfrGV)
(SpltGV)
(ThsiGV)
(WiumGV)
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SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

baculo: from baculum, ‘stick’, from morphology of virion
polyhedro: from polyhedron, shape of occlusions
granulo: from granule
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FAMILY

HERPESVIRIDAE

T AXONOMIC STRUCTURE OF THE FAMILY

Family Herpesviridae

Subfamily Alphaherpesvirinae
Genus Simplexvirus
Genus Varicellovirus
Subfamily Betaherpesvirinae
Genus Cytomegalovirus
Genus Muromegalovirus
Genus Roseolovirus
Subfamily Gammaherpesvirinae
Genus Lymphocryptovirus
Genus Rhadinovirus

VIRION PROPERTIES

MORPHOLOGY

Virions range from 102 to 200 nm in diameter. They are quasi-spherical and enveloped with
surface projections. Between the envelope and the capsid is the viral tegument. It consists
of several proteins arranged in an amorphous, sometimes asymmetric, layer. The capsid is
100-110 nm in diameter, icosahedral in structure and contains 162 capsomers of which 150
are hexameric and 12 are pentameric. The viral DNA genome is located in the center.
Although the size of the DNA varies in different species, the capsids of herpesviruses are of
comparable size.

Figure 1: (upper left) Schematic representation of a herpesvirus virion [the outer envelope has projecting spikes;
the capsid exhibits icosahedral symmetry; the irregular inner perimeter of the envelope represents the occasional
asymmetrical arrangement of the tegument]; (upper center left) an intact, negative contrast electron micrograph
of HHV-1 virion; the bar represents 100 nm; (upper center right) negative contrast electron micrograph of HHV-
1 capsid, exhibiting icosahedral symmetry; (upper right) HHV-1 core permeated with uranyl acetate [the
presence of thread-like structures, 4-5 nm wide are evident]; (bottom) electron micrographs of thin sections of
HHV-1 virions showing the core cut at different angles [the preparation was stained with uranyl acetate and
counterstained with lead citrate). The core preferentially takes up the stain and appears as a toroid with an outer
diameter of 70 nm and lumen of 18 nm diameter. The micrographs show the toroid seen looking: (lower left)
through the lumen, (lower center) in cross-section, (lower right) from the side (courtesy of Roizman B, 1990).
Cryoelectron microscopy has provided further definition of the virion structure.
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PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

The dry weight of HHV-1, virions, full capsids, empty capsids, and cores are about 13.3 x
107 g, 7.5x 10% g, 5.2x 10" g, and 2.1 x 10" g, respectively. Virions contain 19.4 x 10" g of
protein. The average mass ratio of a virion, or full or empty capsid, or core, to DNA is 8, 1,
4.6,and 1.25 to 1, respectively. The buoyant density of virions in CsCl is about 1.20-1.29 g/
cm?®. Virions are unstable in detergents or other lipid solvents and less stable at low than at
neutral pH values.

NucLeic Acip

The genome is composed of linear, double stranded DNA, ranging from 124 to 235 kbp in
size, depending on the virus species. Individual genomes may be larger than the normal
size of that species (usually by <10 kbp) due to a number of terminal and, or internal,

reiterated sequences. The G+C base composition of herpesvirus DNAs range from 32 to 75
%.

Herpesvirus genomes contain a single nucleotide extension at the 3' ends of the genome.
Terminally associated proteins have not been detected. Some herpesvirus genomes contain
internal repeats of one or both terminal sequences which cause the sequences flanked by the
repeats to invert relative to the remainder of the genome and therefore result in the
formation of 2 or 4 isomeric forms. The different isomeric forms appear to have no
biological consequence.

PROTEINS

The surface of virions contain both glycosylated and non-glycosylated proteins which vary
in number depending on the virus species. HSV-1 contains 11 glycosylated and at least two
non-glycosylated proteins in the virion envelope. A common feature of the envelope
proteins is the presence of an Fc receptor specified by the virus. The precise number of
structural proteins is not known. In the case of HHV-1, about half the proteins encoded by
the virus are thought to be components of the virion.

LiriDs

Lipids are located in the viral envelope. The exact composition is not known. They
probably reflect the lipid composition of nuclear or other cellular membranes.

CARBOHYDRATES

Glycans associated with the viral envelope proteins are generally of the complex type. High
mannose glycans are found on glycoproteins of infectious virions that are retained in cells.

GENOME ORGANIZATION AND REPLICATION

The number of ORFs contained in herpesvirus genomes range from about 70 to more than
200. Among the proteins specified by all herpesviruses are a DNA polymerase, DNA
binding proteins and a protease. HSV possesses a helicase-primase. Additional proteins
with enzymatic activities known to exist in at least some herpesviruses are thymidine
kinase, thymidylate synthase, dUTPase, uracil glycosylase, ribonucleotide reductase,
dihydrofolate reductase, alkaline DNase, and as many as three protein kinases. The list of
viral proteins includes one or more factors which activate transcription; however, no RNA
polymerases have been identified as viral-coded products.

The herpesvirus genomes have been assigned into one of six groups depending on the
arrangement of the terminal and internal reiterated sequences (Fig. 2). However, a particu-
lar genome structure is not restricted to a single subfamily. In the genomes of viruses
comprising group A, e.g., IgHV-1, EHV-2, HHV-6, a large sequence from one terminus is
directly repeated at the other terminus. In the group B genomes, e.g., SaHV-2, the terminal
sequence is directly repeated numerous times at both termini. Also, the number of
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Class Sequence Arrangement Isomers
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Figure 2: Schematic diagram of the sequence arrangements in the classes of genomes of the viruses comprising
the family Herpesviridae (A-F, see text). In the diagrams the narrow boxes represent unique, or quasi-unique
regions; the reiterated domains are shown as rectangles and are designated as Left and Right Terminal Repeats
(LTR and RTR) for Group A, repeats R1 to R4 for internal repeats of Group C, and internal and terminal repeats
(IR and TR) of Group D; the termini of Group E, e.g., HHV-1 consist of two elements: one contains n copies of

o "o

sequence “a” next to alarger sequence designated “b”, the other terminus has one directly repeated “a” sequence
next to a sequence designated as “c”, the terminal ab and ca sequences are inserted in an inverted orientation
(denoted by primes) separating the unique sequences into long (Ul) and short (Us) domains; terminal reiterations
in the genomes of group F have not been described; in group B, the terminal sequences are reiterated numerous
times at both termini and the number of reiterations at each terminus may vary; the components of the genomes
in classes D and E invert; in class D, the short component inverts relative to the long; although rarely the long
component may also invert, most of the DNA forms two populations differing in the orientation of the short
component; in the class E genomes, both the short and long components can invert and viral DNA consists of 4
equimolar isomers (from Roizman B, 1990). The number of isomers for each class is shown at the right.

reiterations at both termini may vary. In the group C genomes, e.g., HHV-4, the number of
direct terminal reiterations is smaller, but there may be other, unrelated, sequences greater
than 100 bp that are directly repeated and which subdivide the unique (or quasi-unique)
sequences of genome into several well delineated stretches. In group D genomes, e.g.,
HHV-3, PRV, sequences at the termini are repeated in an inverted orientation internally. In
these genomes, the domain consisting of the stretch of unique sequences flanked by
inverted repeats (i.e., the short, or S component) can invert relative to the remaining
sequences (i.e., the long, or L component) such that DNA extracted from virions (or infected
cells) consists predominantly of two equimolar populations, differing solely in the relative
orientation of the S component relative to the (fixed) orientation of the L component. In
group E viral genomes, e.g.,, HHV-1, HHV-2 , HHV-5, sequences from both termini are
repeated in an inverted orientation and juxtaposed internally dividing the genomes into
two components (L and S), each of which consists of unique sequences flanked by inverted
repeats. In this instance, both components may invert relative to each other and DNA
extracted from virions (or infected cells) consists of four equimolar populations differing in
the relative orientation of the two components. For the genomes comprising the F group,
e.g., MCMV-1, the sequences at the termini have short repeats.

Herpesvirus genomes also differ in gene organization. Whereas in the genomes of HHV-4
and HHV-5 many mRNAs result from splicing of sequences that code for two or more
exons, only 6 of about 70 different genes of HHV-1 and HHV-2 yield spliced mRNAs. All
herpesviruses attach to one or more type of cellular receptor and enter by a pH-independent
fusion of the envelope with the plasma membrane (Fig. 2, stage 1), releasing tegument
proteins that for HHV-1 cause shut-off of host protein synthesis (Figure, VHS, stage 2). The
HHV-1 o-TIF protein (VP16) is transported to the nucleus. The virus capsid is transported
to the nuclear pore. The viral DNA enters the nucleus and is circularized without de novo
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protein synthesis (stage 3). At this point infections may become latent or productive. The
decision depends on the type of cell infected by the virus, the combination of cell and viral
gene expression (e.g., HHV-4), or cellular gene expression alone (HHV-1). In lytic infec-
tions, transcription of early genes by nuclear enzymes is induced (by o-TIF) (stage 4), and
mRNAs (a-mRNAs) are transported to the cytoplasm and translated (stage 5). The ex-
pressed immediate early (or o) proteins are then transported to the nucleus and are
involved in the synthesis of additional mRNAs (B mRNA, stage 6). At this stage of a lytic
infection the chromatin (Fig. 2, c) is degraded and displaced toward the nuclear membrane,
and the nucleoli (Fig 2, n) become disaggregated (stage 7). The B-proteins are involved in
the replication of the viral DNA by the rolling circle mechanism (stage 8) yielding head-to-
tail concatemers. B-proteins are also involved in the transcription of the late (y) mRNAs that
are translated (stage 9) mostly into the structural proteins that are required for virion
morphogenesis and formation of empty capsids (stage 10) into which unit lengths of viral
DNA are packaged (stage 11). The addition of further structural proteins occurs (stage 12).
Particle envelopment takes place at nuclear membranes where, on the outer surface, virion
surface proteins are located and together with inner tegument proteins particles are as-
sembled (stage 13). The enveloped virions accumulate in the endoplasmic reticulum, the
final processing of glycoproteins occurs in the Golgi and virions eventually reach the
extracellular space by exocytosis (stage 14).

Among other proteins, common to all herpesviruses are an encoded DNA polymerase, a
ssDNA binding protein, proteins which specify a helicase, a primase, and a DNA origin
binding protein. The incorporation of one or more specific glycoproteins into the plasma
membrane causes the cell to become refractory to superinfection by the same virus. Par-
tially enveloped capsids in the cytoplasm have been variously interpreted as an irreversible
de-envelopment as a result of fusion of the envelope with the transport vesicle membrane
and as a naturally occurring process of serial envelopment and de-envelopment which
culminates in the final envelopment of the capsid at the nuclear membrane. Depending on
the virus, infected cells frequently round up and may fuse to form syncytia.

Figure 3: Schematic representation of the replication of herpesviruses with reference to HSV-1in permissive cells
(from Roizman and Sears, 1990).
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ANTIGENIC PROPERTIES

The antibody response that is protective against infection is usually directed against the
virion glycoproteins. The number of virion glycoproteins capable of inducing protective
immunity in the form of complement independent neutralizing antibody ranges up to 3
(HHV-1). T cell specific epitopes have been reported. They vary depending on the virus
and the host species.

BioLoGicAL PROPERTIES

As a general rule the natural host ranges of herpesviruses are restricted. Transmission from
one host species to another can occur, e.g., the simian herpes B virus (CeHV-1) may be
transmitted to humans. In experimental animal systems, transmission between host species
varies considerably. It is greater for member viruses of the subfamily Alphaherpesvirinae
(e.g., HHV-1) than for member families of the subfamilies Betaherpesvirinae (e.g., HHV-5, or
HHV-6), or Gammaherpesvirinae (e.g., HHV-4). Natural transmission is usually by infected
cells from an infected individual (e.g., HHV-1, HHV-2), or by free virus, (in saliva, urogeni-
tal excretions, etc.) (HHV-4, HHV-5, HHV-7), or by aerosol (HHV-3). The geographic
distribution of herpesvirus in nature coincides with that of its natural host.

Herpesviruses are highly adapted to their hosts and except for very young or immunologi-
cally debilitated hosts, infection is seldom lethal. Herpesviruses normally remain latent in
a specific cell type of the host and form a reservoir of virus available either frequently or
constantly in excretions, or intermittently in recurrent lesions. For many members of the
subfamily Alphaherpesvirinae, the site of latency is particular sensory ganglia. The sites of
latency for member viruses of the subfamily Betaherpesvirinae are not known but macroph-
ages and salivary glands have been implicated. B lymphocytes of the oropharynx maintain
members of the Lymphocryptovirus genus in a latent state.

At the cellular level, host range varies from very wide (e.g., most Alphaherpesvirinae) to very
narrow (e.g., lymphocryptoviruses such as HHV-4).

Productive herpesvirus infection results in cell death and this contributes to the pathologi-
cal manifestation of many herpesvirus infections. A characteristic feature of herpesvirus
infection of cells is the margination of the host chromatin. Serious, life-threatening patho-
genic manifestations of herpesviruses in immunocompetent hosts are rare and usually are
the consequence of viral entry and replication in a specific organ (e.g., encephalitis caused
by HHV-1), or invasion of the fetus (e.g., EHV-1, HHV-5). In immunocompromised hosts
infection may become disseminated and result in massive cell destruction, and, in the case
of some members of the Gammaherpesvirinae, in uncontrolled polyclonal proliferation of
lymphocytes.

Tissue tropism is generally related to the portal of entry where initial virus replication
occurs (e.g., oral and genital mucosa for HHV-1 and HHV-2, oropharynx for HHV-4). Cells
in which the virus remains latent (e.g., sensory neurons, or B lymphocytes) are infected via
systemic or neural spread. Virus reactivated from latency is also distributed according to
the above considerations (i.e., tissues innervated by a sensory neuron harboring latent virus,
or B lymphocytes and the oropharynx).
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SUBFAMILY ALPHAHERPESVIRINAE

TAXONOMIC STRUCTURE OF THE SUBFAMILY

Subfamily Alphaherpesvirinae
Genus Simplexvirus
Genus Varicellovirus

DISTINGUISHING FEATURES

GENUS

Type Species

Viruses may exhibit a variable host range, a relatively rapid reproductive cycle, rapid
spread in culture, efficient destruction of infected cells and capacity to establish latent
infections in sensory ganglia. Common genetic attributes that characterize these viruses are
not yet defined. As in other subfamilies, and as a general principle, related viruses are
classified as distinct species if (a) their genomes differ in a readily assayed and distinctive
manner across the entire genome and not merely at a specific site and (b) if the virus can be
shown to have distinct epidemiologic and biologic characteristics. The numbers assigned to
the viruses are not of taxonomic significance. They were assigned on the basis of the
chronology of virus isolation. They do not refer to a common antigenic type (virus
serotype).

SIMPLEXVIRUS

human herpesvirus 1 (HHV-1)

Di1STINGUISHING FEATURES

Viruses assigned to this genus have a common genome structure and exhibit serologic
relatedness.

LisT oF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

bovine herpesvirus 2 (BoHV-2)
(bovine mamillitis virus)
(Allerton virus)
(pseudolumpy skin disease virus)

human herpesvirus 1 [X14112] (HHV-1)
(herpes simplex virus 1)

human herpesvirus 2 (HHV-2)
(herpes simplex virus 2)

herpes virus B (HBV)
(cercopithecine herpesvirus 1)
(herpes simiae virus)

TENTATIVE SPECIES IN THE GENUS

None reported.
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GENus  VARICELLOVIRUS
Type Species human herpesvirus 3

DiISTINGUISHING FEATURES

(HHV-3)

The type virus has a distinctive genome structure and causes a distinctive disease, acutely

varicella, and recrudescently zoster.

LisT OF SPECIES IN THE GENUS

The viruses, their alternative names ( ), genomic sequence accession numbers [ ] and

assigned abbreviations ( ) are:

SPECIES IN THE GENUS

human herpesvirus 3 [X04370]
(varicella-zoster virus 1)

TENTATIVE SPECIES IN THE GENUS

bovine herpesvirus 1

(infectious bovine rhinotracheitis virus)
equid herpesvirus 1 [M86664]

(equine herpesvirus 1)

(equine abortion herpesvirus)
equid herpesvirus 4

(equine herpesvirus 4)

(equine rhinopneumonitis virus)
pseudorabies virus

(suid herpesvirus 1)

(Aujeszky’s disease virus)

List OF UNASSIGNED SPECIES IN THE SUBFAMILY

anatid herpesvirus 1

(duck plague herpesvirus)
ateline herpesvirus 1

(spider monkey herpesvirus)
bovine herpesvirus 5

(bovine encephalitis herpesvirus)
canid herpesvirus 1

(canine herpesvirus)
caprine herpesvirus 1

(goat herpesvirus)
cercopithecine herpesvirus 2

(SAS8 virus)
cercopithecine herpesvirus 6

(Liverpool vervet monkey virus)
cercopithecine herpesvirus 7

(patas monkey herpesvirus pH delta)
cercopithecine herpesvirus 9

(Medical Lake macaque herpesvirus)

(simian varicella herpesvirus)
cervid herpesvirus 1

(red deer herpesvirus)
cervid herpesvirus 2

(reindeer herpesvirus)

(Rangifer tarandus herpesvirus)

(HHV-3)

(BoHV-1)

(EHV-1)

(EHV-4)

(PRV)

(AnHV-1)
(AtHV-1)
(BoHV-5)
(CaHV-1)
(CpHV-1)
(CeHV-2)
(CeHV-6)
(CeHV-7)

(CeHV-9)

(CvHV-1)

(CvHV-2)
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equid herpesvirus 3 (EHV-3)
(equine herpesvirus 3)
(coital exanthema virus)

equid herpesvirus 6 (EHV-6)
(asinine herpesvirus 1)

equid herpesvirus 8 (EHV-8)
(asinine herpesvirus 3)

felid herpesvirus 1 (FeHV-1)

(feline viral rhinotracheitis virus)
(feline herpesvirus 1)

gallid herpesvirus 1 (GaHV-1)
(infectious laryngotracheitis virus)

macropodid herpesvirus 1 (MaHV-1)
(parma wallaby herpesvirus)

macropodid herpesvirus 2 (MaHV-2)
(docropsis wallaby herpesvirus)

saimiriine herpesvirus 1 (SaHV-1)
(marmoset herpesvirus)
(herpesvirus M)
(herpesvirus platyrrhinae type)
(herpesvirus T)
(herpesvirus tamarinus)

SUBFAMILY BETAHERPESVIRINAE

TAXONOMIC STRUCTURE OF THE SUBFAMILY

Subfamily Betaherpesvirinae
Genus Cytomegalovirus
Genus Muromegalovirus
Genus Roseolovirus

Characteristics of the members of this subfamily are a restricted host range, a long reproduc-
tive cycle and slow spread of infection from cell to cell in culture. Infected cells frequently
become enlarged (cytomegalia) and carrier cultures are readily established. Viruses can be

maintained in latent form in lymphoreticular cells and possibly in secretory glands, kidneys
and other tissues.

GENUS CYTOMEGALOVIRUS
Type Species  human herpesvirus 5 (HHV-5)
Di1STINGUISHING FEATURES

There is a single virus assigned to this genus with a genome structure that is different to
those of other genera.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

human herpesvirus 5 [X17403] (HHV-5)
(human cytomegalovirus)
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TENTATIVE SPECIES IN THE GENUS

None reported.

GENUS = MUROMEGALOVIRUS
Type Species mouse cytomegalovirus 1 (MCMV-1)

DIiISTINGUISHING FEATURES

There is a single virus assigned to this genus with a genome structure that is different to
those of other genera.

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

SPECIES IN THE GENUS

mouse cytomegalovirus 1 (MCMV-1)
(murid herpesvirus)

TENTATIVE SPECIES IN THE GENUS

None reported.

GENUsS ~ RoseoLoviIRrus
Type Species human herpesvirus 6 (HHV-6)

DiSTINGUISHING FEATURES

The viruses assigned to this genus have a distinctive genome structure. They have been
isolated from lymphocytes.

LisT OF SPECIES IN THE GENUS
The viruses, and their assigned abbreviation ( ) are:
human herpesvirus 6 (HHV-6)

List oF UNASSIGNED SPECIES IN THE SUBFAMILY

The viruses, their alternative names () and assigned abbreviations ( ) are:

aotine herpesvirus 1 (AoHV-1)
(herpesvirus aotus 1)

aotine herpesvirus 3 (AoHV-3)
(herpesvirus aotus 3)

callitrichine herpesvirus 2 (CaHV-2)
(marmoset cytomegalovirus)

caviid herpesvirus 2 (CaHV-2)
(guinea pig cytomegalovirus)

cebine herpesvirus 1 (CbHV-1)
(capuchin herpesvirus AL-5)

cebine herpesvirus 2 (CbHV-2)
(capuchin herpesvirus AP-18)

cercopithecine herpesvirus 3 (CeHV-3)
(SA6 virus)

cercopithecine herpesvirus 4 (CeHV-4)

(SA 15 virus)
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cercopithecine herpesvirus 5 (CeHV-5)
(African green monkey cytomegalovirus)

cercopithecine herpesvirus 8 (CeHV-8)
(rthesus monkey cytomegalovirus)

cricetid herpesvirus (CrHV-1)
(hamster herpesvirus)

equid herpesvirus 2 (EHV-2)
(equine cytomegalovirus)

equid herpesvirus 5 (EHV-5)
(equine herpesvirus 5)

equid herpesvirus 7 (EHV-7)
(asinine herpesvirus 2)

murid herpesvirus 2 (MuHV-2)
(rat cytomegalovirus)

sciurid herpesvirus (ScHV-1)

(European ground squirrel cytomegalovirus)
(American ground squirrel herpesvirus)
suid herpesvirus 2 (SuHV-2)
(swine cytomegalovirus)
(inclusion body rhinitis virus)

SUBFAMILY GAMMAHERPESVIRINAE

TAXONOMIC STRUCTURE OF THE SUBFAMILY

GENUS

Type Species

Subfamily Gammaherpesvirinae
Genus Lymphocryptovirus
Genus Rhadinovirus

The experimental host range of the members of this subfamily is frequently, but not
exclusively, limited to the family or order to which the natural host belongs. In vitro all
members replicate in lyphoblastoid cells and some also cause lytic infections in certain types
of epithelioid and fibroblastic cells. Viruses in this group tend to be specific for either T or
B lymphocytes, but exceptions occur. In the lymphocyte, infection often occurs without the

production of infectious progeny. Latent virus is frequently demonstrated in lymphoid
tissue.

LYMPHOCRYPTOVIRUS

human herpesvirus 4 (HHV-4)

DISTINGUISHING FEATURES

The viruses have a distinctive genome structure and produce latent infections in B lympho-
cytes.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

cercopithecine herpesvirus 12 (CeHV-12)
(papio Epstein-Barr herpesvirus)
(herpesvirus papio)
(baboon herpesvirus)

cercopithecine herpesvirus 14 (CeHV-14)
(African green monkey HHV-4-like virus)
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cercopithecine herpesvirus 15
(rhesus HHV-4-like virus)

human herpesvirus 4 [V01555]
(Epstein-Barr virus)

pongine herpesvirus 1
(chimpanzee herpesvirus)
(pan herpesvirus)

pongine herpesvirus 2
(orangutan herpesvirus)

pongine herpesvirus 3
(gorilla herpesvirus)

TENTATIVE SPECIES IN THE GENUS
None reported.

GENUS  RHADINOVIRUS

Type Species ateline herpesvirus 2

Di1STINGUISHING FEATURES

(CeHV-15)
(HHV-4)

(PoHV-1)

(PoHV-2)

(PoHV-3)

(AtHV-2)

There is a single virus assigned to this genus. It has a distinctive genome structure.

LisT OF SPECIES IN THE GENUS

The viruses, their alternative names ( ) and assigned abbreviations (), are:

SPECIES IN THE GENUS

ateline herpesvirus 2
(herpes ateles 2)

TENTATIVE SPECIES IN THE GENUS
None reported.

LisT OF UNASSIGNED SPECIES IN THE SUBFAMILY

The viruses, their alternative names (), and assigned abbreviations ( ) are:

alcelaphine herpesvirus 1
(malignant catarrhal fever virus of European cattle)
(wildbeest herpesvirus)
alcelaphine herpesvirus 2
(hartebeest herpesvirus)
bovine herpesvirus 4
(Movar herpesvirus )
caviid herpesvirus 1
(guinea pig herpesvirus 1)
(hsiung Kaplow herpesvirus)
herpesvirus saimiri 2
(saimiriine herpesvirus 2)
(squirrel monkey herpesvirus)
leporid herpesvirus 1
(cottontail herpesvirus)
(herpesvirus sylvilagus)
marmodid herpesvirus 1
(woodchuck herpesvirus marmota 1)
meleagrid herpesvirus 1

(AtHV-2)

(AIHV-1)

(AIHV-2)
(BoHV-4)

(CvHV-1)

(SaHV-2)
(SMHV-2)
(LeHV-1)
(MaHV-1)

(MeHV-1)
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(turkey herpesvirus 1)

murid herpesvirus 4 (MuHV-4)
(mouse herpesvirus strain 68)
ovine herpesvirus 2 (OVHV-2)

(sheep associated malignant catarrhal
fever of cattle virus)

ListT oF UNASSIGNED VIRUSES IN THE FAMILY

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

acciptrid herpesvirus 1 (AcHV-1)
(bald eagle herpesvirus)

allitrich herpesvirus 1 (AIHV-1)

aotine herpesvirus 2 (AoHV-2)

ateline herpesvirus 3 (AtHV-3)
(herpesvirus ateles strain 73)

boid herpesvirus 1 (BaHV-1)

callitrichine herpesvirus 1 (CAHV-1)
(herpesvirus sanguinus)

caviid herpesvirus 3 (CvHV-3)
(guinea pig herpesvirus 3)

cercopithecine herpesvirus 10 (CeHV-10)
(thesus leukocyte associated herpesvirus strain 1)

cercopithecine herpesvirus 13 (CeHV-13)
(herpesvirus cyclopsis)

channel catfish herpesvirus [M75136] (CCHYV)
(ictalurid herpesvirus)

chelonid herpesvirus 1 (ChHV-1)
(gray patch disease agent of green sea turtle)

chelonid herpesvirus 2 (ChHV-2)
(Pacific pond turtle herpesvirus)

chelonid herpesvirus 3 (ChHV-3)

(painted turtle herpesvirus)
(map turtle herpesvirus)
chelonid herpesvirus 4 (ChHV-4)
(Geochelone chilensis herpesvirus)
(Geochelone carbonaria herpesvirus)
(Argentine turtle herpesvirus)

ciconiid herpesvirus 1 (CiHV-1)
(black stork herpesvirus)

columbid herpesvirus 1 (CoHV-1)
(pigeon herpesvirus)

cyprinid herpesvirus 1 (CyHV-1)
(carp pox herpesvirus)

elephantid herpesvirus (EiHV-1)
(elephant loxondontal herpesvirus)

elapid herpesvirus (EpHV-1)

(Indian cobra herpesvirus)
(banded krait herpesvirus)
(siamese cobra herpesvirus)

erinaceid herpesvirus 1 (ErHV-1)
(European hedgehog herpesvirus)

esocid herpesvirus 1 (EsHV-1)
(Northern pike herpesvirus)

falconid herpesvirus 1 (FaHV-1)

(falcon inclusion body disease)
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gallid herpesvirus 2 (GaHV-2)
(Marek’s disease herpesvirus 1)

gallid herpesvirus 3 (GaHV-3)
(Marek’s disease herpesvirus 2)

gruid herpesvirus (GrHV-1)
(crane herpesvirus)

human herpesvirus 7 (HHV-7)

iguanid herpesvirus 1 (IgHV-1)
(green iguana herpesvirus)

lorisine herpesvirus 1 (LoHV-1)

(kinkajou herpesvirus)
(herpesvirus pottos)

lacertid herpesvirus (LaHV-1)
(green lizard herpesvirus)

leporid herpesvirus 2 (LeHV-2)
(herpesvirus cuniculi)
(virus III)

murid herpesvirus 3 (MuHV-3)
(mouse thymic herpesvirus)

murid herpesvirus 5 (MuHV-5)

(field mouse herpesvirus)
(Microtus pennsylvanicus herpesvirus)

murid herpesvirus 6 (MuHV-6)
(sand rat nuclear inclusion agents)

murid herpesvirus 7 (MuHV-7)
(murine herpesvirus)

ovine herpesvirus 1 (OvHV-1)
(sheep pulmonary adenomatosis associated herpesvirus)

percid herpesvirus 1 (PeHV-1)
(walleye epidermal hyperplasia)

perdicid herpesvirus 1 (PdHV-1)
(bobwhite quail herpesvirus)

phalacrocoracid herpesvirus 1 (PhHV-1)

(cormorant herpesvirus)
(Lake Victoria cormorant herpesvirus)

phocid herpesvirus 1 (PoHV-1)
(harbor seal herpesvirus)
pleuronectid herpesvirus (PiHV-1)

(herpesvirus scophthalmus)
(turbot herpesvirus)

psittacid herpesvirus 1 (PsHV-1)
(parrot herpesvirus)
(Pacheco’s disease virus)

ranid herpesvirus 1 (RaHV-1)
(Lucke frog herpesvirus)

ranid herpesvirus 2 (RaHV-2)
(frog herpesvirus 4)

salmonid herpesvirus 1 (SaHV-1)
(herpesvirus salmonis)

salmonid herpesvirus 2 (SaHV-2)
(Onchorhynchus masou herpesvirus)

sciurid herpesvirus 2 (ScHV-2)

sphenicid herpesvirus 1 (SpHV-1)
(black footed penguin herpesvirus)

strigid herpesvirus 1 (StHV-1)
(owl hepatosplenitis herpesvirus)

tupaiid herpesvirus 1 (TuHV-1)

(tree shrew herpesvirus)
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SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

herpes: from Greek herpes, “creeping”
alpha: Greek letter o, “a”
beta: Greek letter 3, “b”

" _n

gamma: Greek lettery, “g
simplex: from Latin simplex, “simple”

varicello: derived from Latin varius, “spotted”, and its diminuitive variola, “smallpox”
cytomegalo: from Greek kytos, “cell” and megas, “large”

muromegalo: from Latin mus, “mouse” and Greek megas, “great”

roseolo: from Latin rose “rose, rosy”

lymphocrypto: from Latin lympha, “water” and Greek kryptos, “concealed”

rhadino: from Greek adjective rhadinos, “slender, taper”
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FAMILY

ADENOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Adenoviridae
Genus Mastadenovirus
Genus Aviadenovirus

VIRION PROPERTIES

MORPHOLOGY

Virions are non-enveloped, 80-110 nm in diameter and exhibit icosahedral symmetry.
Virions have 240 non-vertex capsomers (hexons), 8-10 nm in diameter, and 12 vertex
capsomers (pentons) with fibers that protrude 9-30 nm from the virion surface (Fig. 1).
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Figure 1: (upper left) Stylized section of the adenovirus particle. The 240 hexons are formed by the interaction
of three identical polypeptides (designated II) and consist of two distinct parts - a triangular top with three
“towers”, and a pseudohexagonal base with a central cavity. The hexon bases are tightly packed together and
form a protein shell that protects the inner components. The positions of hexons (II), penton bases (III), fibers (IV)
and protein IX are well established. Twelve copies of polypeptides IX are found between 9 hexons in the center
of each facet. The positions of proteins Illa, VIand VIIl are tentatively assigned. Two monomers of Illa penetrate
the hexon capsid at the edge of each facet. Multiple copies of VI form a ring underneath the peripentonal hexons.
The 12 penton bases are each formed by the interaction of five polypeptides (III) and are tightly associated with
one or two fibres each consisting of three polypeptides (IV) that interact to form a shaft of characteristic length
with a distal knob. The 12 pentons (Il and IV) are less tightly associated with the neighboring (peripentonal)
hexons. Polypeptide VIII has been assigned to the inner surface of the hexon capsid. Other polypeptides
(monomers of Illa, trimers of IX, and multimers of VI) are in contact with hexons forming a continuous protein
shell. Polypeptides VIand VIII appear to link the capsid to the virus core. The core consists of the DNA genome
complexed with four polypeptides (V, VII, X, terminal). As the structure of the nucleoprotein core has not been
established, the polypeptides associated with the DNA are shown in hypothetical locations. Two other structural
proteins (IVa2 and protease) are not depicted because their location is unknown; (lower left) schematic diagram
of the 12 hexons in one of the 20 facets (top view), each represented as a triangular “tower” superimposed on a
pseudohexagonal base. There are four variants of hexon in the capsid, each with different environments (1-4).
The two edge hexons from the three adjacent facets are shaded. Three vertex pentonsare indicated in thediagram
(upper left and lower left provided by Stewart PL and Burnett RM); (right) negative contrast electron micrograph
of human adenovirus particle. The bar represents 100 nm.
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PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is 150-180 x 10% buoyant density in CsClis 1.32-1.35 g/cm?®. Viruses are stable on
storage in the frozen state. They are stable to mild acid and insensitive to lipid solvents.
Virus infectivity is inactivated after heating at 56° C for more than 10 min.

NucLeic Acip

Virions contain a single linear molecule of dsDNA of Mr about 20-25 x 10° for
mastadenoviruses, or Mr about 30 x 10° for aviadenoviruses. A virus-coded terminal
protein is covalently linked to the 5'-end of each DNA strand. The genome of human
adenovirus 2 (HAdV-2) comprises 35,937 bp and contains an inverted terminal repetition
(ITR) of 103 bp. ITR’s of 50-200 bp have been found in all viruses so far analyzed. The DNA
G+C content varies from 48-61% for mastadenoviruses and 54-55% for aviadenoviruses.

PROTEINS

About 40 different polypeptidesa are derived from the genome-mostly via complex splicing
mechanisms (Fig. 2). Almost a third of these provide structural proteins as in Fig. 1. In
general terms, the early gene products facilitate extensive modulation of the host cell’s
transcriptional machinery (E1 and E4), assemble the virus DNA replication complex (E2)
and provide means for subverting host defence mechanisms (E3). Intermediate and late
gene products (L1 - L5) are concerned with the assembly and maturation of the virion.

LiriDs

None reported.

CARBOHYDRATES

Fiber proteins and some of the non-structural proteins are glycosylated.
GENOME ORGANIZATION AND REPLICATION

Virus entry is by attachment via the fiber, followed by endocytosis, uncoating and delivery
of the virus core to the nucleus which is the site of mRNA transcription, virus DNA
replication and assembly. Virus infection mediates the early shut-down of host DNA
synthesis and, later, host RNA and protein synthesis. Transcription by the host RNA
polymerase II involves both DNA strands and initiates from four early (E1-E4), two
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Figure2: Schematic of the transcription pattern of human Ad2 virus. The parallel lines indicate the linear duplex
genome of 36 kbp. The dots, broken lines and split arrows indicate the spliced structures of the mRNAs. EIA,
E3, etc,, refer to early transcription units. Most (butnotall) late genes are in the major late transcription unit which
initiates at map position 16 of the indicated top strand, and which includes the L1, L2,L3,L4 and L5 families of
mRNAs. Other (intermediate) genes include those starred (adapted from Wold and Gooding, 1991).
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intermediate, and one major late (L) promoter in a pattern as shown in Fig. 2. All primary
transcripts are capped and polyadenylated. There are complex splicing patterns to produce
families of mRNAs. There are also one or two VA RNA genes which are transcribed by
cellular RNA polymerase IIl and these encode RNA products which facilitate translation of
late mRNAs.

There are many non-structural proteins in addition to the structural proteins (Table). A
number of polypeptides are modified by phosphorylation, some by glycosylation. Pro-
teolysis of some structural polypeptides by the virus-coded protease is an essential prereg-
uisite for virion maturation (Table). DNA replication is by strand-displacement using a
protein priming mechanism (terminal protein) together with a virus-coded DNA polymerase
and DNA binding protein in concert with cellular factors. Virions are assembled in the
nucleus sometimes in paracrystalline arrays along with similar arrays of virus structural
proteins. Release is achieved following disintegration of the host cell.

Table: Deduced proteins encoded by human adenovirus serotype 2 (HAdV-2). Mr, rounded to nearest k, are
presented as unmodified and uncleaved gene products. NS = non-structural; S = structural; p-protein =
phosphoprotein; DBP = DNA binding protein; DNA pol = DNA polymerase; Term = terminal protein; * = Mr
are significantly different from those obtained by SDS-PAGE; * = cleaved by viral protease; other ORFs are not
yet identified.

Mr (x 10°) Transcription class Description
13,27,32 EIA NS
16,21, 55 EIB NS
59 E2A NS; 72kDa* DBP
120 E2B NS; 140kDa* DNA pol.
75 E2B S; Term', 80kDa* pTP
4,7,8,10,12 E3 NS
13,15,15,19

7,13,13, 14, E4 NS
15,17

47 L1 NS, maturation 52/55kDa*
64 L1 S (IlIa); p-protein
10 L2 S (X)"; and p
22 L2 S (pVII); major core?
42 L2 S (V); minor core
63 L2 S (III); penton*
23 L3 S; protease
27 L3 S (pVID)4
109 L3 S (II); hexon
25 L4 NS; 33kDa* p-protein
25 L4 S (pVIID);
90 L4 NS; 100kDa*
62 L5 S (IV); fiber
14 Intermediate S (IX);
51 Intermediate S (IVa2);

ANTIGENIC PROPERTIES

Adenovirus serotypes are defined on the basis of neutralization assays. A serotype is
defined as one which either exhibits no cross-reaction with others, or shows an homologous
:heterologous titer ratio greater than 16 (in both directions). For homologous : heterologous
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titer ratios of 8 or 16, a serotype assignment is made if either the viral hemagglutinins are
unrelated (as shown by lack of cross-reaction in hemagglutination-inhibition tests), or if
substantial biophysical or biochemical differences exist. Antigens at the surface of the
virion are mainly type-specific. Hexons are involved in neutralization, fibers in neutraliza-
tion and hemagglutination-inhibition. Soluble antigens associated with virus infections
include surplus capsid proteins which have not been assembled. As defined with mono-
clonal antibodies, hexons and other soluble antigens carry numerous epitopes, some that
are genus-specific, others that are type-specific and others that group viruses within the
genus. Free hexon protein mainly reacts as a genus-specific antigen (Mastadenovirus or
Aviadenovirus). The hexon genus-specific antigen is located on the basal surface of the
hexon, whereas hexon serotype-specific antigens are located mainly on the ‘tower’ region of
the hexon.

B1oLOGICAL PROPERTIES

GENUS

Type Species

The natural host range of adenoviruses is mostly confined to one species, or to closely
related species. This also applies for cell cultures. Some human adenoviruses cause
productive infection in rodent cells but with low efficiency. Several viruses cause tumors in
newborn hosts of heterologous species. Subclinical infections are frequent in various virus-
host systems. Direct or indirect transmission occurs from throat, feces, eye, or urine,
depending on the virus serotype. Human adenovirus infections are mostly asymptomatic
but can be associated with diseases of the respiratory, ocular and gastrointestinal systems.
Human adenovirus types 1, 2, 3, 5, 6 and 7 cause respiratory infections in children. Enteric
infection, as indicated by fecal shedding, is predominant in all serotypes. Human serotypes
40 and 41 canbe isolated in high yield from feces of young children with acute gastroenteritis
and are second only to rotaviruses as a major cause of infantile viral diarrhea. Human
adenovirus type 11 is associated with hemorrhagic cystitis. Canine adenoviruses are
responsible for hepatitis as well as respiratory disease. Canine adenoviruses have caused
epizotics in foxes, bears, wolves, cyotes and skunks. Avian adenoviruses have been
associated with diverse disease patterns eg. hemorrhagic enteritis, ‘marble spleen’ disease,
pulmonary congestion and edema. Adenoviruses infecting susceptible cells cause similar
gross pathology e.g., early rounding of cells and aggregation of chromatin followed by the
later appearance of characteristic basophilic nuclear inclusions.

MASTADENOVIRUS

human adenovirus 2 (HAdAV-2)

DISTINGUISHING FEATURES

The adenoviruses that infect mammals are serologically distinct from those that infect birds.

T AXONOMIC STRUCTURE OF THE GENUS

There are 10 groups of adenoviruses that infect mammals. The serotypes assigned to the
groups are given numbers.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

bovine adenoviruses 1 to 9 [K01264] (BAdV-1t09)
canine adenovirus 1 [J04368] (CAdV-1)
canine adenovirus 2 (CAdV-2)
caprine adenovirus 1 (GAdV-1)

equine adenovirus 1 [M14895] (EAdV-1)
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GENUS

Type Species

human adenoviruses 1 to 47

murine adenovirus 1
murine adenovirus 2

ovine adenoviruses 1 to 6
porcine adenoviruses 1 to 6
simian adenoviruses 1 to 27
tree shrew adenovirus 1

TENTATIVE SPECIES IN THE GENUS
None reported.

AVIADENOVIRUS

fowl adenovirus 1

DISTINGUISHING FEATURES

[J01903, J01915, J01917,
J01993, M14785, M14918,
M15952, M1954, M62712,
M73260, M86665, X03000]
[M22245]

(HAdV-1 to 47)

(MAdV-1)
(MAdV-2)
(OAdV-1 to 6)
(PAdV-1 to 6)
(SAdV-1 to 27)
(TSAdV-1)

[X01027]
[M10054]

(FAdV-1)

The adenoviruses that infect birds are serologically distinct from those that infect mammals.

TAXONOMIC STRUCTURE OF THE GENUS

There are 5 groups of adenoviruses that infect birds. The serotypes assigned to the groups

are given numbers.

LisT oF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

duck adenovirus 1

duck adenovirus 2

fowl adenoviruses 1 to 12
goose adenoviruses 1 to 3
pheasant adenovirus 1
turkey adenoviruses 1 to 3

TENTATIVE SPECIES IN THE GENUS

None reported.

List oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.
SIMILARITY WITH OTHER TAxA
None reported.

DERIVATION OF NAMES

(DAdV-1)
(DAdV-2)
(FAdV-1to 12)
(GoAdV-1to 3)
(PhAdV-1)
(TAdV-1to 3)

[M12738, X17217]

adeno: from Greek aden, adenos, “gland”; in recognition of the fact that adenoviruses were

first isolated from human adenoid tissue

avi: from Latin avis, “bird”
mast: from Greek mastos, “breast”
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GENUS

Type Species

RHu1ZzIDIOVIRUS

Rhizidiomyces virus (RzZvV)

VIRION PROPERTIES

MORPHOLOGY

Virions are isometric, 60 nm in diameter.

Figure 1: Negative contrast electron micrograph of RZV particles which have been physically separated from
the fungus are observed attached on a membrane-like structure (arrow) (from Dawe and Kuhn, 1983 Virology
130: 10-20). The bar represents 50 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

The buoyant density of virions in CsClis 1.31 g/cm?; S, is 625. Virions contain 10% nucleic
acid.

Nucceic Acip

Virions contain a single molecule of dsSDNA with an Mr of 16.8 x 10° and a G+C ratio of 42%.
PROTEINS

Virions contain at least 14 polypeptides with Mr in the range of 26-84.5 x 10°.

LirIDs

None reported.

CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

Particles appear first in the nucleus.

BioLoGicAL PROPERTIES

The virus appears to be transmitted in a latent form in the zoospores of the fungus.
Activation of the virus, which occurs under stress conditions such as heat, poor nutrition, or
aging, results in cell lysis.

LisT OF SPECIES IN THE GENUS

The viruses, their host { } and assigned abbreviation () are:
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SPECIES IN THE GENUS
Rhizidiomyces virus {from Rhizidiomyces sp isolate F} (RZV)
TENTATIVE SPECIES IN THE GENUS
None reported.
SIMILARITY WITH OTHER TAXA
None reported.
DERIVATION OF NAMES
Rhizidio: from name of the host Rhizidiomyces sp

REFERENCES
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FAaMiILY PAPOVAVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Papovaviridae

Genus Polyomavirus

Genus Papillomavirus
VIRION PROPERTIES

MORPHOLOGY

Virions are non-enveloped, 40 nm (Polyomavirus) and 55 nm (Papillomavirus) in diameter.
The icosahedral capsid is composed of 72 capsomers in skewed (T= 7) arrangement.
Filamentous and tubular forms are observed as a result of aberrant maturation.

Figure 1: Computer graphics representation of: (upper left) the surface of the mouse polyomavirus capsid (the
icosahedral structure includes 360 VP1 subunits arranged in 12 pentavalent and 60 hexavalent capsomers);
(upper right) capsomer bonding relations (there are six VP1 molecules in each icosahedral asymmetric unit,
which include one subunit of a pentavalent pentamer. The six symmetrically different subunits are designated
a,a’,a”,b,b’ and ¢, corresponding to three different bonding states) (from Eckhart, 1991; adapted from Salunke
et al., 1986; with permission). (lower) Negative contrast electron micrograph of HPV-1 virions. The bar
represents 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is 25 x 10¢(Polyomavirus) and 47 x 10°(Papillomavirus). Buoyant density of virions
in sucrose and CsCl gradients is 1.20 and 1.34-1.35 g/cm’, respectively. Virion S, is 240
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(Polyomavirus) and 300 (Papillomavirus). Virions are resistant to ether, acid and heat
treatment (50° C, 1 hr.). Virions are unstable at 50° C for 1 hr in the presence of 1 M MgClL,

NucLEIC AcID

Virions contain a single molecule of circular dsDNA. The genomic size is fairly uniform
within each genus; for members of the genus Polyomavirus it is about 5 kbp (e.g., SV-40
[strain 776] has 5,243 bp, JCV[Mad1] has 5,130 bp, BKV[Dun] has 5,153 bp, murine
polyomavirus [A2] has 5,297 bp, BPyV has 4,697 bp); for members of the genus Papillomavirus
itis about 8 kbp (e.g., BPV-1has 7,946 bp, DPV has 8,374 bp, CRPV has 7,868 bp, HPV-1a has
7,815 bp, HPV-16 has 7,905 bp). The Mr of the genome is 3-5 x 10° and the DNA constitutes
about 10-13% of the virion by weight. The G+C content is 40-50%. A 5' terminal cap or 5'
terminal covalently-linked polypeptide is absent from the genome. In the mature virion the
viral DNA is associated with host cell histone proteins H2a, H2b, H3 and H4 in a chromatin-
like complex.

PROTEINS

The virus genomes encode at least 5-10 proteins with Mr ranging from 3-88 x 10° (Table 1).
Three structural proteins, VP1, VP2 and VP3 make up the polyomavirus capsid; of these,
VP1 is the major component. A fourth protein, agnoprotein, or LP1, may be produced and
may facilitate the assembly of the polyomavirus capsid. It is not a structural component of
the mature virion.

Table 1: Deduced polyomavirus proteins (kDa), (N: none), ELP: Early Leader Protein predicted from the DNA
sequence in the case of JCV and BKV.

Virus: PyVv SV-40 Jcv BKV KV LPV BPyV
Structural proteins:

VP1 424 39.9 39.6 40.1 41.7 40.2 40.5
VP2 34.8 38.5 374 38.3 374 39.3 39.1
VP3 229 27.0 25.7 26.7 25.2 27.3 26.9
Non-structural proteins:

T 88.0 81.6 79.3 80.5 72.3 79.9 66.9
mT 48.6 N N N N N N
t 22.8 204 20.2 20.5 18.8 222 14.0
ELP N 27 43 43 N N N
LP1 N 7.3 8.1 74 N N 13.1

The capsids of the papillomaviruses are composed of structural proteins encoded by the L1
and L2 ORFs, (Table 2).

Table 2: Deduced papillomavirus proteins (kDa).

Virus: CRPV BPV-1 HP-1
Structural proteins:

L1 57.9 55.5 59.6
L2 52.8 50.1 50.7
Non-structural proteins:

El 67.9 68.0 73.0
E2 44.0 48.0 41.8
E4 25.8 12.0 10.4
E5 11.3 7.0 9.4
E6 29.7 15.1 19.2

E7 10.5 14.0 11.0
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Genetic evidence has not been presented that associates specific viral proteins with the E3
and E8 ORFs.

LiriDs
None present.
CARBOHYDRATES

None present.

GENOME ORGANIZATION AND REPLICATION

Virions that attach to cellular receptors are engulfed by the cell and are transported to the
nucleus. During a productive infection, transcription of the viral genome is divided into an
early and late stage. Transcription of the early and late coding regions is controlled by
separate promoters, and occurs on opposite DNA strands in the case of the polyomaviruses
and on the same strand for the papillomaviruses (Fig. 2).
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Figure 2: Diagram of (upper left) the SV-40, (upperright) PyV and (lower) BPV-1 genomes and encoded proteins.
Inner circles represent the viral dsDNAs (sizes in bp, origin of replication: ori), the outer arrows indicate the
encoded viral proteins, or ORFs, as well as the direction of transcription. Introns are denoted by a single line.

Precursor mRNAs undergo post-transcriptional processing that includes capping and
polyadenylation of the 5’ and 3' termini, respectively, as well as splicing. Efficient use of
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coding information involves differential splicing of the messages and use of overlapping
ORFs. Early mRNAs encode regulatory proteins that may exhibit trans-activating proper-
ties. These include proteins that are required for viral DNA replication. Their expression
leads to de-repression of some host cell enzymes and stimulation of cell DNA synthesis.
Prior to the start of the late events, viral DNA replication is initiated in the nucleus.
Translation of most of the late transcripts produces structural proteins that are involved in
capsid assembly. Post-translational modifications of some early and late viral proteins
include phosphorylation, N-acetylation, fatty acid acylation, ADP-ribosylation,
methylamination, adenylation, glycosylation and sulphation. Several of the viral proteins
contain sequences, termed nuclear localization signals, which facilitate transport of the
proteins to the host cell nucleus where virion maturation occurs. Virions are released by
lysis of infected cells.

Members of the genus Polyomavirus express 2-3 non-structural proteins which include large
T, middle (m)T and small t for mouse and hamster polyomaviruses, and large T and small
t for the other species (e.g., SV-40, JCV, and BKV, Table 1). An exception is BPyV for which
no mRNA encoding a protein of a size comparable to the small t proteins of other viruses has
been identified. An OREF for a third protein, ELP (Early Leader Protein) has been identified
in the SV-40 genome; ORFs with the potential to encode a similar protein are present within
the JCV and BKV genomes (Table 1). The function(s) of this polypeptide is unknown
whereas the T proteins, first named for their involvement in Tumorigenicity and Transfor-
mation, play key roles in the regulation of transcription and DNA replication. The best
characterized of these, the SV-40 large T protein, exhibits multiple functions that can be
mapped to discrete domains.

The genomes of most members of the genus Papillomavirus that have been sequenced
contain 9-10 ORFs called E1-8 and L1-2 (Fig. 2). Some members lack the E3 and E8 ORFs and
have an L3 ORF. Proteins encoded by the E ORFs may represent non-structural polypep-
tides involved in transcription, DNA replication and transformation, whereas those en-
coded by the L ORFs appear to represent structural proteins.

Replication of the viral genome is initiated by the specific binding of one or more viral
proteins (the polyomavirus T protein; the papillomavirus E1 and E2 proteins) at a unique
origin of replication and their interaction with host DNA polymerase(s). Due to the limited
amount of genetic information encoded by the viral genomes, the papovaviruses rely
heavily upon host cell machinery to replicate their DNA. Replication proceeds bi-directionally
via a “Cairns” structure and terminates about 180° from the origin of replication. Late in the
replication cycle, rolling circle-type molecules have been identified. The viral proteins
involved in intitiation may also promote elongation through helicase and ATPase activities.

ANTIGENIC PROPERTIES

Antisera prepared against disrupted virions detect antigens shared with other species in the
genus. Members of the genus Polyomavirus can be distinguished antigenically by neutrali-
zation, hemagglutination inhibition and immuno-electron microscopy tests. Polyclonal
and monoclonal antibodies can be used to demonstrate cross-reactivity between the T
proteins of the primate polyomaviruses.

BioLocGicAL PROPERTIES

Each virus has a specific host range in nature and in cell culture. The host range is often
highly restricted, although cells which fail to support viral replication may be transformed
via the action of the early viral gene products. Replication of papillomaviruses in vivo is
dependent upon the terminal differentiation of keratinocytes.

Virus spread occurs by reactivation of persistent infections in the mother during pregnancy,
low-level shedding of virus in urine, and rarely by tissue transplantation (humans).
Transmission may also involve contact and air-borne infection; some human papillomaviruses
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GENUS

Type Species

are transmitted sexually. Vectors do not appear to play a role in transmission. The
papovaviruses are distributed worldwide, and persistent infections are frequently esta-
blished, usually early in life. The papillomaviruses cause benign tumors (warts, papillomas)
in their natural host and in related species. Papillomas are induced in the skin and in
mucous membranes, often at specific sites on the body. Warts may progress to malignant
tumors, and certain types of human papillomaviruses (HPV) have been associated with
specific tumors (e.g., HPV-16 and HPV-18 are associated with cervical carcinoma). The viral
DNA is often present in an integrated form in cervical cancer cell lines which is in contrast
to other papillomavirus-infected cells in which the DNA is maintained in an episomal state.
The polyomaviruses often demonstrate highly tissue-specific expression. Involvement of
the kidney is frequently observed and viruria may be noted, especially in immunodeficient
hosts. Infection of humans has been associated with some pathologic changes in the urinary
tract. One of the human polyomaviruses, JCV, may infect and destroy oligodendrocytes of
the central nervous system, thereby leading to a fatal demyelinating disease termed pro-
gressive multifocal leukoencephalopathy (PML). SV-40 causes a PML-like disease in rhesus
monkeys. Most polyomaviruses have oncogenic potential in rodents. JCV induces tumors
in primates. Under some conditions mouse polyomavirus produces a wide variety of
tumors in its natural host. Transformation and oncogenicity result from expression of virus-
specific early proteins and their interaction with products of cellular tumor suppressor
genes. In transformed and tumor cells the polyomavirus genomes are usually integrated
into the host cell DNA.

Poryomavirus

murine polyomavirus (strain A2) (PyV)

DISTINGUISHING FEATURES

In contrast to the papillomaviruses, viral proteins are coded on both strands of the DNA
genome (Fig. 2).

LisT oF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

African green monkey polyomavirus (LPV)
(B-lymphotropic papovavirus strain K38)  [K02562]
baboon polyomavirus 2 (PPV-2)
BK virus (strain Dun) [J02038] (BKV)
bovine polyomavirus (BPyV)
(stump-tailed macaque virus)
(fetal rhesus kidney virus) [D00755]
budgerigar fledgling disease virus (BFDV)
hamster polyomavirus [X02449] (HaPV)
JC virus (strain Mad1) [J02226] gcv)
murine polyomavirus [M55904] (KV)

(mice pneumotropic virus)
(Kilham strain, or K virus)

murine polyomavirus (strain A2) [J02288] (PyV)
rabbit kidney vacuolating virus (RKV)
simian agent virus 12 (SAV-12)
simian virus 40 (strain 776) [J02400] (S5V-40)

TENTATIVE SPECIES IN THE GENUS

None reported.
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GENUS ~ PAPILLOMAVIRUS
Type Species  cottontail rabbit papillomavirus (Shope) (CRPV)

DiSTINGUISHING FEATURES

The proteins are coded on only one of the two strands of DNA. The genomes are larger than
those of polyomaviruses.

LisT OF SPECIES IN THE GENUS

Members of this genus are known from humans (more than 63 types, HPV-1, etc.), chimpan-
zee, colobus and rhesus monkeys, cow (6 types), deer, dog, horse, sheep, elephant, elk,
opossum, multimammate and European harvest mouse, turtle, chaffinch and parrot.

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

SPECIES IN THE GENUS

bovine papillomavirus 1 [X02346] (BPV-1)
bovine papillomavirus 2 [M20219] (BPV-2)
bovine papillomavirus 4 [X05817] (BPV-4)
canine oral papillomavirus (COPV)
chaffinch papillomavirus (ChPV)
cottontail rabbit papillomavirus (Shope) [K02708] (CRPV)
deer papillomavirus [M11910] (DPV)
(deer fibroma virus)
elephant papillomavirus (EPV)
equine papillomavirus (EqPV)
European elk papillomavirus [M15953] (EEPV)
human papillomavirus la [VO1116] (HPV-1a)
human papillomavirus 5 (HPV-5)
human papillomavirus 6b (HPV-6b)
human papillomavirus 8 (HPV-8)
human papillomavirus 11 [M14119] (HPV-11)
human papillomavirus 16 [K02718] (HPV-16)
human papillomavirus 18 [X05015] (HPV-18)
human papillomavirus 31 [J04353] (HPV-31)
human papillomavirus 33 [M12732] (HPV-33)
multimammate mouse papillomavirus (MnPV)
rabbit oral papillomavirus (ROPV)
reindeer papillomavirus (RePV)
rhesus monkey papillomavirus (RMPV)
sheep papillomavirus (SPV)

TENTATIVE SPECIES IN THE GENUS

None reported.
LisT oF UNASSIGNED VIRUSES IN THE FAMILY
None reported.

SIMILARITY WITH OTHER TAXA

None reported.
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DERIVATION OF NAMES

papova: sigla from papilloma, polyoma, and vacuolating agent (early name for SV-40)
papilloma: from Latin papilla, “nipple, pustule”, also Greek suffix -oma, used to form nouns
denoting “tumors”

polyoma: from Greek poly, “many”, and -oma, denoting “tumors”
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FAMILY POLYDNAVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Polydnaviridae
Genus Ichnovirus
Genus Bracovirus

VIRION PROPERTIES

MORPHOLOGY

Ichnovirus virions consist of nucleocapsids of uniform size (approximately 85 nm x 330 nm),
having the form of a prolate ellipsoid, surrounded by 2 unit-membrane envelopes. The
inner envelope appears to be assembled de novo within the nucleus of infected calyx cells,
while the outer envelope is acquired by budding through the plasma membrane into the
oviduct lumen. Bracovirus virions consist of enveloped cylindrical electron-dense nucleo-
capsids of uniform diameter but of variable length (40 nm diameter by 30-150 nm length)
and may contain one or more nucleocapsids within a single envelope; the latter appears to
be assembled de novo within the nucleus. Bracovirus nucleocapsids in some cases possess
long unipolar tail-like appendages.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES
None reported.
NucLeic Acip

Genomes consist of multiple supercoiled dsDNAs of variable size ranging from approxi-
mately 2.0 to more than 28 kbp. No aggregate size for any polydnavirus genome has as yet
been determined. Estimates of genome size and complexity are complicated by the
presence of related DNA sequences shared among two or more DNA genome segments.

PROTEINS

Virions are structurally complex and contain at least 20-30 polypeptides, with Mr ranging
from 10-200 x 10°.

LiriDs
Lipids are present, but uncharacterized.
CARBOHYDRATES

Carbohydrates are present, but uncharacterized.
GENOME ORGANIZATION AND REPLICATION

Unique among the dsDNA viruses, polydnaviruses have segmented genomes (see above).
Chromosomally integrated sequences homologous to viral DNAs are located within the
parasitoid genome; this proviral DNA form is responsible for the transmission of viral
genomes within parasitoid populations.

The polydnavirus genome appears to be unusual in other respects as well: some viral genes
contain introns; several viral gene families exist, members of which are distributed on one or
more genome segments; transcriptional activity is host-specific, in the sense that some
genes are expressed in the wasp ovary while others are expressed only in the parasitized
host animal; families of viral genome segments exist in some cases; polydnavirus genomes,
at least potentially, are genetically redundant (e.g., they would appear to be diploid).
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Polydnavirus replication is nuclear, begins during wasp pupation, and is very likely
induced by a change in ecdysone titre. Virus morphogenesis occurs in the calyx epithelium
of the ovaries of all female wasps belonging to all affected species. Ichnovirus particles bud
directly from the calyx epithelial cells into the lumen of the oviduct. The mode of release of
bracovirus particles is presently unclear, but probably involves lysis of affected calyx
epithelial cells. Extrachromosomal, circular DNAs are present both in male wasps and in
non-ovarian female tissues (but viral morphogenesis has not been demonstrated). Viral
replication does not occur in parasitized host insects.

ANTIGENIC PROPERTIES

Cross-reacting antigenic determinants are shared by a number of different Ichnovirus
isolates; in some cases, viral nucleocapsids share at least one major conserved epitope. Ithas
recently been shown that CsPDV and C. sonorensis venom protein display common epitopes.
Antigenic relationships among the bracoviruses have not as yet been investigated.

B1oLOGICAL PROPERTIES

GENUS

Type Species

Polydnaviruses have been isolated only from endoparasitic hymenopteran insects (wasps)
belonging to the families Ichneumonidae and Braconidae. In nature, polydnavirus genomes
are apparently transmitted as proviruses. Polydnavirus particles are injected into host
animals during oviposition; virus-specific expression leads to significant changes in host
physiology, some of which are assumed to be responsible for successful parasitism.

IcHNOVIRUS

Campoletis sonorensis virus

DiSTINGUISHING FEATURES

Ichnoviruses have been found only in the wasp family Ichneumonidae. Ichnovirus nucleo-
capsids are fusiform in shape, and are enveloped by two unit membranes. Typically, virus
particles each contain a single nucleocapsid (viruses from the wasp genera Glypta and
Dusona are the only known exceptions).
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Figure 1: Sectional diagram (left) and electron micrograph (right) of Ichnovirus from Hyposoter exiguae. The bar
represents 200 nm.

LisT OF SPECIES IN THE GENUS

SPECIES IN THE GENUS

Campoletis aprilis virus
Campoletis flavicincta virus



GENUS

Type Species

Campoletis sonorensis virus
Campoletis sp. virus
Casinaria arjuna virus
Casinaria forcipata virus
Casinaria infesta virus
Casinaria sp. virus
Diadegma acronyctae virus
Diadegma interruptum virus
Diadegma terebrans virus
Dusona sp. virus

Eriborus terebrans virus
Enytus montanus virus
Glypta fumiferanae virus
Glypta sp. virus

Hyposoter annulipes virus
Hyposoter exiguae virus
Hyposoter fugitivus virus
Hyposoter lymantriae virus
Hyposoter pilosulus virus
Hyposoter rivalis virus
Lissonota sp. virus
Olesicampe benefactor virus
Olesicampe geniculatae virus
Synetaeris tenuifemur virus
Tranosema sp. virus

TENTATIVE SPECIES IN THE GENUS
None reported.

BRACOVIRUS

Cotesia melanoscela virus

DISTINGUISHING FEATURES
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Bracoviruses are found only in certain species of braconid wasps. Bracovirus nucleocapsids
are cylindrical, of variable length, and are surrounded by only a single unit membrane
envelope.

Figure 2: Sectional diagram (left) and electron micrograph (right) of Protapanteles paleacritae virus. The bar

represents 200 nm.
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LisT OF SPECIES IN THE GENUS

SPECIES IN THE GENUS

Apanteles crassicornis virus
Apanteles fumiferanae virus
Ascogaster argentifrons virus
Ascogaster quadridentata virus
Cardiochiles nigriceps virus
Chelonus altitudinis virus
Chelonus blackburni virus
Chelonus nr. curvimaculatus virus
Chelonus insularis virus

Chelonus texanus virus

Cotesia congregata virus

Cotesia flavipes virus

Cotesia glomerata virus

Cotesia hyphantriae virus

Cotesia kariyai virus

Cotesia marginiventris virus
Cotesia melanoscela virus

Cotesia rubecula virus

Cotesia schaeferi virus
Diolcogaster facetosa virus
Glyptapanteles flavicoxis virus
Glyptapanteles indiensis virus
Glyptapanteles liparidis virus
Hypomicrogaster canadensis virus
Hypomicrogaster ectdytolophae virus
Microplitis croceipes virus
Microplitis demolitor virus
Phanerotoma flavitestacea virus
Pholetesor ornigis virus
Protapanteles paleacritae virus

TENTATIVE SPECIES IN THE GENUS
None reported.
List oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

Occasionally, very long Bracovirus nucleocapsids are observed; at least superficially, these
resemble baculovirus nucleocapsids. Ichnoviruses resemble no other known type of virus.

DERIVATION OF NAMES

polydna: from poly (meaning several), and DNA
ichno: from Ichneumonidae, a family of wasps
braco: from Braconidae, a family of wasps
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FAaMmILy INOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Inoviridae
Genus Inovirus
Genus Plectrovirus

VIRION PROPERTIES

MORPHOLOGY

Virions are nonenveloped, helical, and filamentous or rod-shaped. Particles of abnormal
length are frequently observed. Inovirus virions are usually flexible rods, 760 to 1,950 nm
long and 6 to 8 nm in diameter. Plectrovirus virions are filamentous with one rounded end:
Acholeplasma phage L51 virions are 71 to 90 nm long and 14 to 16 nm in diameter, and
Spiroplasma phage SpV1 virions are 230 to 280 nm long and 10 to 15 nm in diameter.

gp7/
gp9

Figure 1: Inoviridae virions: (upper) diagram of the coat proteins and ssDNA of an Inovirus F pilus-specific
coliphage. (From Kornberg A, Baker TA (1991) DNA replication, 2nd ed. WH Freeman and Co., New York, p.
562). (center) Inovirus fd virion, showing adsorption proteins at one end. The virus contains a molecule of circular
ssDNA of 6408 bp, ensheathed in a protein coat. The bar represents 100 nm. (From Gray CW, Brown RS, Marvin
DA (1981) Adsorption complex of filamentous fd virus. ] Mol Biol 146: 621-627, courtesy of Gray CW). (lower)
Negative contrast electron micrograph of Acholeplasma phage L51 virion preparation, showing rod-shaped
virion and long abnormal length particle. The bar represents 50 nm. (From Maniloff ], Das J, Putzrath).

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion buoyant density in CsCl is 1.3-1.4 g/cm?, depending on the genus. Virions are
sensitive to chloroform and detergents, and resistant to heat. The Mr of Inovirus virions is
12-23 x 10° and the S, is 41-45.
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NucLeic Acip

Virions contain one molecule of infectious, circular, positive sense ssDNA, 4.4 to 8.5 kb in
size. Inovirus genome sizes range from 5833 bases for Pseudomonas phage Pf3, to 6407 to
6883 bases for the coliphages, to 7308 bases for Xanthomonas phage Cfl. Plectrovirus
genome sizes are 4.3 to 4.5 kb for Acholeplasma phage L51 and 8273 bases for Spiroplasma
phage SpV1. Several genes are translated from overlapping reading frames. Intergenic
regions contain the complementary- and viral-strand replication origins and the DNA
packaging signal. The complete DNA sequences of Inovirus fd, M13, f1, Ike, Pf3 and Cf1, and
Plectrovirus SpV1 are available from either GenBank or EMBL database.

PROTEINS

The Inovirus F pilus-specific coliphage virion contains about 2700 copies of gp8 (Mr 5.2 x
10°), 5 copies each of gp 3 (Mr 43 x 10°) and gp6 (Mr 12 x 10°) forming the adsorption end, and
5 copies each of gp 7 (Mr 3.5 x 10°) and gp9 (Mr 3.3 x 10°) forming the other end. Five
nonstructural proteins have been identified: gp 1 (Mr 35 x 10%) and gp4 (Mr 50 x 10°) are
involved in morphogenesis, gp2 (Mr 46 x 10°) and gpX (Mr 12 x 10%) are involved in DNA
replication, and gp5 (Mr 9.8 x 10°) is a ssDNA binding protein. Plectrovirus L51 virions
contain at least four proteins, with Mr of 70, 53, 30, and 19 x 10°.

LiriDS
None reported.
CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION
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Figqre 2: Qenetic map of Inovirus F pilus-specific coliphages with functions of gene products. DNA replication
originsinintergenic region (IG) are shown. P=promoter, T = transcription terminator. (From Kornberg A, Baker
TA (1991) DNA replication, 2nd edn. WH Freeman and Co., New York, p- 561).
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Infection involves conversion of parental ssDNA into a dsDNA replicative form (RF),
semiconservative RF replication, synthesis of progeny ssDNA, and release by extrusion
through host membranes without cell lysis. Infected cells continue to grow slowly, produc-
ing and releasing progeny virus. Replication of Inovirus F pilus-specific coliphages begins
with transfer of parental ssDNA into the cell and its conversion to ds RF by host cell
proteins. Messenger RNA is transcribed from several promoters on the complementary
strand by host cell RNA polymerase. One of the proteins (gp2) made from this mRNA is an
endonuclease-topoisomerase and makes a specific cleavage in the parental RF, leading to
replication to form progeny ds RF. Progeny RF molecules act as templates for mRNA
synthesis and further RF replication (via ssDNA intermediates formed by rolling circle
replication). When sulfficient amounts of gp5 and gpX are made, complementary strand
synthesis is blocked and complexes of gp5-progeny viral ssDNA molecules accumulate.
GpX may down-regulate the activity of gp2. Assembly is at adhesion zones between the
inner and outer membranes. Gpl is involved in adhesion zone formation, and gp4 also
participates (in an unknown way) in assembly. Assembly involves extrusion of progeny
viral ssDNA, with gp5 being replaced by gp8. Since intracellular ds RF has been detected for
other Inovirus and Plectrovirus species, they presumably follow a replication pathway
similar to that of the Inovirus F pilus-specific coliphages.

BioLoGICAL PROPERTIES

GENUS

Type Species

The host range of the Inovirus coliphages is determined by the type of host cell pilus; i.e.,
phages fd, f1, and M13 require the F pilus for adsorption, and phage Ike requires the N pilus.
Similar specificity determinants are presumed for other Inovirus species, which also infect
Gram-negative eubacteria (i.e., Pseudomonas, Vibrio, and Xanthomonas); but the nature of the
specificity determinants for Plectrovirus species, which infect wall-less Acholeplasma and
Spiroplasma, is not known.

INovirus
coliphage fd (fd)

DISTINGUISHING FEATURES

Infectivity is sensitive to sonication; ether sensitivity is variable. Nucleic acid is 6-21% by
weight of particle, and G+C is 40-60%. Virions have no carbohydrate. Host range is certain
genera in the gamma-purple phylogenetic branch of Gram-negative eubacteria; i.e.,
Enterobacteria, Pseudomonas, Vibrio, and Xanthomonas.

LisT OF SPECIES IN THE GENUS

The genus includes species differentiated by particle length, host range, antigenic proper-
ties and chemical composition.

The viruses, and assigned abbreviations () are:

SPECIES IN THE GENUS

1-Coliphage fd group:

coliphage AE2 (AE2)
coliphage 6A (0A)
coliphage Ec9 (Ec9)
coliphage f1 (f1)
coliphage fd (fd)
coliphage HR (HR)
coliphage M13 (M13)
coliphage ZG/2 (2G/2)

coliphage Z]J/2 (ZJ/2)



GENUS

Type Species

2-Other enterobacteria phages:
enterobacteria phage C-2
enterobacteria phage If1
enterobacteria phage If2
enterobacteria phage lke
enterobacteria phage I-2
enterobacteria phage PR64FS
enterobacteria phage SF
enterobacteria phage tf-1
enterobacteria phage X
3-Pseudomonas phages:
Pseudomonas phage Pfl
Pseudomonas phage Pf2
Pseudomonas phage Pf3
4-Vibrio phages:
Vibrio phage v6
Vibrio phage V{12
Vibrio phage V{33
5-Xanthomonas phages:
Xanthomonas phage Cf
Xanthomonas phage Cf1t
Xanthomonas phage Xf
Xanthomonas phage Xf2

TENTATIVE SPECIES IN THE GENUS

None reported.
PLECTROVIRUS

Acholeplasma phage L51

DiSTINGUISHING FEATURES
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(C-2)
(If1)
(If12)
(Ike)
(L-2)
(PR64FS)
(SF)
(tf-1)

X)

(Pf1)
(Pf2)
(Pf3)

(v6)

(V12)
(V133)

(L51)

Virions are resistant to nonionic detergents (Nonidet P-40 and Triton X-100) and slightly
sensitive to ether. Genome of Spiroplasma phage SpV1 is 23% G+C. No data on carbohy-
drates have been reported. Adsorption is to cell membrane of wall-less mycoplasma host
cells. Host range of the Acholeplasma phage L51 is some Acholeplasma laidlawii strains, and
of the Spiroplasma phage SpV1 is some Spiroplasma citri strains.

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ ] and assigned abbreviations ()

are:

SPECIES IN THE GENUS

Acholeplasma phage L51
Acholeplasma phage MV-L1
Acholeplasma phage MVG51
Acholeplasma phage Oclr
Acholeplasma phage 10tur
Spiroplasma phage 1
Spiroplasma phage aa

TENTATIVE SPECIES IN THE GENUS

Spiroplasma phage C1/TS2

(L51)
(MV-L1)
(MVG51)

)
)
[X51344] (SpV1)
)

(C1/TS2)
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LisT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

None reported.

DERIVATION OF NAMES

ino: from Greek nos, ‘muscle’
plectro: from Greek plektron, ‘small stick’
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MICROVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Microviridae

Genus Microvirus

Genus Spiromicrovirus
Genus Bdellomicrovirus
Genus Chlamydiamicrovirus

VIRION PROPERTIES

MORPHOLOGY

Virions exhibit icosahedral symmetry (T = 1) with projections at each of the 12 vertices.
There is no envelope, and the diameter of unstained hydrated particles is 22 nm between the
depressions at the 2-fold axes and 33 nm between the outermost edges of the projections at
the 5-fold axes. Thus, reported diameters from electron micrographs of negative stained
preparations vary from 26-32 nm, depending on the orientation chosen for measurement.

ssDNA

Figure 1: Coliphage ¢$X174 virions: (left) molecular model; (center) image reconstruction of frozen-hydrated
virion; (right) negative contrast electron micrograph. The bar represents 50 nm.

PHYSIcOCHEMICAL AND PHYSICAL PROPERTIES

Virion buoyant density in CsCl is 1.36-1.41 g/cm?®, depending on the genus. Infectivity is
chloroform and detergent resistant and stable in the pH range of 6-9, but highly sensitive to
radiation. Virion Mr (genus Microvirus) is 6-7 x 10°, and the S, is 83-121.

NucLeic Acip

Virions contain one molecule of circular, positive sense ssDNA; genome sizes are as follows:

Genus Phage Number of bases
Microvirus 0X174 5,386

St-1 6,050
Spiromicrovirus Spv4 4421
Bdellomicrovirus MAC-1 about 4,600
Chlamydiamicrovirus Chpl 4,877

Several genes are translated from overlapping reading frames. The complete sequences of
the genomes of ¢X174, S13, and G4 viruses (genus Microvirus), SV4 virus (genus
Spiromicrovirus), and Chpl virus (genus Chlamydiamicrovirus), are available from either
GenBank or EMBL database.
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PrOTEINS

Virions (genus Microvirus) contain 60 copies of three proteins (gp J, F, and G) with Mr of 4,
48, and 19 x 103 respectively, and 12 copies of one protein (gp H) with an Mr of 34 x 10°. The
atomic structure of $X174 virus has been determined; its F capsid protein contains an
eight-stranded antiparallel beta barrel similar to that found in picornaviruses and many
icosahedral plant viruses. The C-terminal end of each J protein is bound to the inner surface
of each F protein near the 3-fold axis, forming a binding pocket for segments of the ssDNA.
Seven nonstructural proteins have been identified: gp B and D are components of the
procapsid, gp A and C are involved in synthesis of RF and progeny DNA, gp A* suppresses
host DNA synthesis, gp E functions in cell lysis, and gp K increases the progeny yield.

LiriDs
None reported.

CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

Virus replication begins with transfer of the parental ssDNA into the cell and its conversion
to ds RF by host cell proteins. Messenger RNA is transcribed from this template by host cell
RNA polymerase. One of the proteins (protein A) made from this mRNA becomes
covalently bound to the parental RF and leads to progeny RF replication. Progeny RF
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Figure 2: Genome organization of coliphage $X174 (genus Microvirus).
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molecules act as templates for mRNA synthesis and further RF replication (via ssDNA
intermediates formed by rolling circle replication), until sufficient levels of viral structural
proteins and two additional procapsid proteins are made and assembled into procapsids.
Procapsids then bind to some RF molecules and C protein switches DNA synthesis from ds
RF replication to synthesis of progeny ssDNA. As nascent viral ssDNA is synthesized, it
interacts with procapsid-associated ] proteins and is packaged into proheads. Maturation of
filled procapsids involves loss of procapsid-associated B and D proteins, and occurs as the
cell is lysed by E protein. Since intracellular ds RF has been detected for other genera, they
presumably follow a replication pathway similar to that of the genus Microvirus, but there
are only limited data on the replication details of other genera of the family Microviridae.

ANTIGENIC PROPERTIES

Native virions (genus Microvirus) generate both non-neutralizing and neutralizing mono-
clonal antibodies. Polyclonal antisera produce first-order inactivation kinetics. Members of
the genus Microvirus can be assigned to at least three main groups based on serologic cross-
reactivity patterns.

BioLoGicAL PROPERTIES

GENUS
Type Species

The host range of member viruses (genus Microvirus) is determined by the carbohydrate
structure of the host cell outer membrane lipopolysaccharide receptor. Thus, various
species of the Enterobacteriaceae constitute the host range for individual viruses. Similar
specificity determinants are presumed for the MAC-1 and Chpl phage (genera
Bdellomicrovirus and Chlamydiamicrovirus), which also infect Gram-negative eubacteria (ge-
nus Bdellovibrio and Chlamydia, respectively); but the nature of the specificity determinants
for the genus Spiromicrovirus, which infects wall-less Spiroplasma, is not known.

MicRoVIRUS
coliphage X174 (6X174)

DISTINGUISHING FEATURES

Members have different temperature ranges for plaque formation; e.g., 10-39° C for G4, 22-
43° C for 5-13, and 33-43°C for St-1 virus. In addition, the host cell enzyme requirement for
viral DNA replication is not identical for all members of this genus, and three major groups
arise based on this criterion. Host range: Enterobacteriaceae species and strains.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

coliphage 1¢1 (1¢1)
coliphage 163 (1¢3)
coliphage 107 (1¢7)
coliphage 169 (199)
coliphage 2D/13 (2D/13)
coliphage 10 (010)
coliphage a3 (03)
coliphage BE/1 (BE/1)
coliphage 81 (81)
coliphage d¢3 (de3)
coliphage d¢4 (do4)
coliphage d¢5 (d65)
coliphage A (0A)
coliphage ¢B (0B)
coliphage ¢C (6C)

coliphage ¢K (0K)
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coliphage ¢R
coliphage ¢X174 [J02482]
coliphage G13
coliphage G14
coliphage G4
coliphage G6
coliphage n8
coliphage M20
coliphage 06
coliphage S13
coliphage St-1
coliphage U3
coliphage WA /1
coliphage WF/1
coliphage WW/1
coliphage (3

TENTATIVE SPECIES IN THE GENUS
None reported.

GENUS SPIROMICROVIRUS

Type Species  Spiroplasma phage 4

DISTINGUISHING FEATURES

(6R)
($X174)
(G13)
(G14)
(G4)
(Ge)
(n8)
(M20)
(06)
(S13)
(St-1)
(U3)
(WA/1)
(WF/1)
(WW/1)
(€3)

(SpV-4)

Virus and host cells use TGA as tryptophan codon instead of “universal” stop codon. Host

range: Spiroplasma melliferum strains.

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ ] and assigned abbreviations ()

are:

SPECIES IN THE GENUS

Spiroplasma phage 4 [M17988]
TENTATIVE SPECIES IN THE GENUS

None reported.

GENUS BDELLOMICROVIRUS
Type Species Bdellovibrio phage MAC 1
DISTINGUISHING FEATURES
Host range: Bdellovibrio bacteriovorus strains
LisT OF SPECIES IN THE GENUS
The viruses and their assigned abbreviations () are:
SPECIES IN THE GENUS

Bdellovibrio phage MAC 1
Bdellovibrio phage MAC 1'
Bdellovibrio phage MAC 2
Bdellovibrio phage MAC 4
Bdellovibrio phage MAC 4'
Bdellovibrio phage MAC 5
Bdellovibrio phage MAC 7

(SpV-4)

(MAC-1)

(MAC-1)
(MAC-1Y)
(MAC-2)
(MAC-4)
(MAC-4)
(MAC-5)
(MAC-7)
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Type Species
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TENTATIVE SPECIES IN THE GENUS
None reported.
CHLAMYDIAMICROVIRUS
Chlamydia phage 1 (Chp-1)

DISTINGUISHING FEATURES

Host range: Chlamydia psittaci strains

LisT OF SPECIES IN THE GENUS

The viruses and their assigned abbreviations () are:

SPECIES IN THE GENUS

Chlamydia phage 1 [D00624] (Chp-1)
TENTATIVE SPECIES IN THE GENUS

None reported.

ListT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

The ssDNA genome is similar to that of the members of the family Inoviridae, in organization
and existence of overlapping genes and in many aspects of DNA replication.

DEeR1VATION OF NAMES

micro: from Greek mikros, ‘small’
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FAMILY GEMINIVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Geminiviridae

Genus “Subgroup I Geminivirus”
Genus “Subgroup II Geminivirus”
Genus “Subgroup III Geminivirus”

VIRION PROPERTIES

MORPHOLOGY

Virions are geminate (about 18 x 30 nm), consisting of two incomplete icosahedra (T=1) with
a total of 22 capsomers.

Figure 1: Typical geminiviruses consist of two quasi-isometric subunits (left), however sometimes three (right)
or four (center) subunits are joined. The bar represents 50 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

S,,,, is approximately 70.

20
NuctLeic Acip

Virions contain a single molecule of circular ssDNA, 2.5-3.0 kb in size.
PROTEINS

Virions contain a single structural protein (coat protein; Mr 28-34 x 10%). A virion consists of
22 copolymers with each capsomer estimated to contain 5 coat protein molecules.

LiriDs

None reported.
CARBOHYDRATES
None reported.

GENOME ORGANIZATION AND REPLICATION

Both the viral (encapsidated) and complementary strands of the viral genome encode
genes. Coding regions diverge from an intergenic region. Replication occurs through a
double-stranded replicative intermediate via a rolling circle mechanism. ssDNA synthesis



GENUS

Type Species
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is initiated at a conserved TAATATTAC sequence within the intergenic region. Transcrip-
tion of the viral genome is bidirectional with transcripts initiating within the intergenic
region.

“SuBGrour I GEMINIVIRUS”

maize streak virus (MSV)

DISTINGUISHING FEATURES

GENOME ORGANIZATION AND REPLICATION

The genomes of subgroup I geminiviruses consist of a single component, 2.6-2.8 kb in size.
The presence of a small complementary senseprimer-like molecule, bound to the genome
within the small intergenic region, has been shown for five species (CSMV, DSV, MSV,
TYDV, WDV). The nucleotide sequences of the genomes of eight species (CSMV, DSV,
MSYV, MiSV, PanSV, SSV, TYDV, WDV) have been determined. The genomes of subgroup
I geminiviruses encode four genes, two each on the viral and complementary strands. For
most species, ORF C2 lacks a methionine start codon. For several species (DSV, MSV,
TYDV, WDV) translation of this ORF has been shown to occur by splicing of the C1 and C2

transcripts.

S

Figure 2: Typical genomic organization of subgroup I geminiviruses. Genes are denoted as either being encoded
on the viral (V) or complementary (C) strand. Gene V2 encodes the coat protein. The positions of the conserved
TAATATTAC sequence (@) and the encapsidated, complementary sense primer-like molecule (—>) are shown.

ANTIGENIC PROPERTIES

Serological analyses show close interrelationships between viruses originating from the
same continent, although DSV (originating from Vanuatu) is closely related serologically to

the African subgroup I geminiviruses. Viruses originating from different continents are
either unrelated or distantly related.

B1oLOGICAL PROPERTIES

Host RANGE

Subgroup I geminiviruses have narrow host ranges. With the exception of TYDV (which

infects dicotyledonous plants) subgroup I geminivirus host ranges are limited to members
of the graminae.
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TRANSMISSION

Transmitted in nature by leathoppers (Homoptera: Cicadellidae), in most cases by a single
species. Mechanism of transmission is persistent (circulative, non-propagative). Subgroup
I geminiviruses are not transmissible by mechanical inoculation. Experimentally some
members have been transmitted by Agrobacterium-mediated transfer using recombinant
DNA methods (CSMV, DSV, MSV, MiSV, PanSV, TYDV, WDV).

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ ], CMI/AAB description # () and
assigned abbreviations () are:

SPECIES IN THE GENUS

Bromus striate mosaic virus (BrSMYV)
Chloris striate mosaic virus (221) [M20021] (CSMV)
Digitaria streak virus [M23022] (DSV)
Digitaria striate mosaic virus (DiSMV)
maize streak virus (133) [X01089, X01633] (MSV)
Miscanthus streak virus (348) [D00800, D01030] (MiSV)
Panicum streak virus [X60168] (PanSV)
Paspalum striate mosaic virus (PSMV)
sugarcane streak virus [M82918] (SSV)
tobacco yellow dwarf virus (278) [M81103] (TYDV)
wheat dwarf virus [X02869] (WDV)

TENTATIVE SPECIES IN THE GENUS

bajra streak virus (BaSV)
chickpea chlorotic dwarf virus (CpCDV)

GENUS “SusGroup II GEMINIVIRUS”
Type Species  beet curly top virus (BCTV)
DISTINGUISHING FEATURES

GENOME ORGANIZATION AND REPLICATION

Figure 3: Genomic organization of BCTV. Genes are denoted as either being encoded on the viral (V) or
complementary (C) strand. The coat protein is encoded by gene V1. The position of the conserved nanonucleotide
sequence (TAATATTAC) is shown (®).
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The genomes of subgroup II geminiviruses consist of a single component (2.7-3.0 kb). The
nucleotide sequence of the genome of BCTV has been determined. The genome of BCTV
encodes six genes, two on the viral strand and four on the complementary strand.

ANTIGENIC PROPERTIES

Serological tests show BCTV, TPCTV and TLRV to be relatively closely related. Distant
relationships between subgroup II geminiviruses and subgroup III geminiviruses have
been shown in serological tests.

BioLoGICAL PROPERTIES

HosTt RANGE

Type species BCTV has a very wide host range, over 300 species in 44 plant families.
TRANSMISSION

Transmitted in nature by leafthoppers (Homoptera: Cicadellidae), with the exception of
TPCTV, which is transmitted by a treehopper (Homoptera: Membracidae). Mechanism of
transmission is persistent (circulative, non-propagative). BCTV may be transmitted with
difficulty by mechanical inoculation. Experimentally some species have been transmitted
by Agrobacterium-mediated transfer using recombinant DNA methods (BCTV, TPCTV).

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

The viruses, their genomic sequence accession numbers [ ], CMI/AAB description # () and
assigned abbreviations () are:

SPECIES IN THE GENUS
beet curly top virus (210) [U02311, X04144] (BCTV)
TENTATIVE SPECIES IN THE GENUS

tomato leafroll virus (TLRV)
tomato pseudo-curly top virus (TPCTV)

“SuBGRroup 11T GEMINIVIRUS”

bean golden mosaic virus (BGMYV)

DIiISTINGUISHING FEATURES

GENOME ORGANIZATION AND REPLICATION

The genomes of the majority subgroup III geminiviruses consist of two components (each
2.5-2.8 kb) although subgroup III geminiviruses with only a single DNA component have
recently been identified (TYLCV, TLCV). The larger of the two components (DNA A)
encodes four genes (one on the viral and three on the complementary strand whereas the
smaller component (DNA B) encodes two genes (one on each strand). The DNA A
component encodes the coat protein and all functions required for replication. The products
of DNA B are involved in spread within plants. The two genomic components have an
approximately 200 bp block (encompassing the conserved TAATATTAC sequence) within
the intergenic region with near sequence identity which is termed the “common region”.
The genomes of 18 subgroup III geminiviruses have been sequenced (AbMV, ACMV,
BDMV, BGMV, ICMV, MYMV, PHV, PYMV, SLCV, TGMV, TMoV, ToLCV-Au, ToLCV-In,
TYLCV-Ls, TYLCV-Sr, TYLCV-Th, TYLCV-Yem, TLCtV).
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Figure 4: Typical genomic organization of bipartite subgroup III geminiviruses. Genes are denoted as either
being encoded on the viral (V) or complementary (C) strand. The coat protein is encoded by gene V1. The position
of the conserved TAATATTAC sequence (®) and the “common region” between the two genomic components
(shaded boxes) are shown.

Figure 5: Genomic organization of monopartite subgroup III geminiviruses. Genes are denoted as either being
encoded on the viral (V) or complementary (C) strand. The coat protein is encoded by gene V2. The position of
the conserved TAATATTAC sequence is shown (@).

ANTIGENIC PROPERTIES

Serological tests show all subgroup III geminiviruses to be relatively closely related. The
use of monoclonal antisera has show that subgroup IIl geminiviruses may be grouped
geographically based on shared epitopes.

BioLoGIicAL PROPERTIES

Host RANGE

Individual subgroup III geminiviruses generally have narrow host ranges amongst dicoty-
ledonous plants.
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TRANSMISSION

Transmitted in nature exclusively by the whitefly Bemisia tabaci (Genn.) (Homoptera:
Aleyrodidae). Some species are transmissible by mechanical inoculation. Experimentally
some species have been transmitted by either Agrobacterium-mediated transfer or biolistics
using recombinant DNA methods (AbMV, ACMV, BDMV, BGMV, PHV, PYMV, SLCV,
TGMV, TMoV, TLCV, TYLCV).

LisT OF SPECIES IN THE GENUS

The viruses, their genomic sequence accession numbers [ ], CMI/AAB description # () and
assigned abbreviations () are:

SPECIES IN THE GENUS

Abutilon mosaic virus [X15983, X15984] (AbMV)
Acalypha yellow mosaic virus (AYMV)
African cassava mosaic virus [X17095, X17096, (ACMV)
J02058, J02057]
Ageratum yellow vein virus (AYVV)
Asystasia golden mosaic virus (AGMYV)
bean calico mosaic virus [L27264, 1.27266] (BCaMV)
bean dwarf mosaic virus [M88179, M88180] (BDMV)
bean golden mosaic virus (192) [M10070, M91604, M10080, (BGMYV)

L01635, L01636, M91605,
D00200, D00201, M88686]

Bhendi yellow vein mosaic virus (BYVMYV)
Chino del tomate virus (CdTV)
cotton leaf crumple virus (CLCrV)
cotton leaf curl virus (CLCuV)
Croton yellow vein mosaic virus (CYVMV)
Dolichos yellow mosaic virus (DoYMYV)
Eclipta yellow vein virus (EYVYV)
Euphorbia mosaic virus (EuMV)
honeysuckle yellow vein mosaic virus (HYVMV)
horsegram yellow mosaic virus (HgYMV)
Indian cassava mosaic virus [Z24758, Z24759] (ICMV)
Jatropha mosaic virus (MV)
limabean golden mosaic virus (LGMV)
Malvaceous chlorosis virus (MCV)
melon leaf curl virus (MLCV)
Macrotyloma mosaic virus (MaMV)
mungbean yellow mosaic virus (323) [D14703, D14704] MYMV)
okra leaf curl virus (OLCV)
pepper huasteco virus [X70418, X70419] (PHV)
pepper mild tigré virus (PepMTV)
potato yellow mosaic virus [D00940, D00941] (PYMV)
Pseuderanthemum yellow vein virus (PYVV)
Rhynchosia mosaic virus (RhMV)
Serrano golden mosaic virus (SGMYV)
sida golden mosaic virus (SiGMV)
squash leaf curl virus [M38182, M38183, M63155] (SLCV)
M63156, M63157, M63158]
Texas pepper virus (TPV)
tobacco leaf curl virus (232) (TLCV)
tomato golden mosaic virus (303) [K02029, K02030] (TGMV)
tomato leaf curl virus - Au [S53251] (ToLCV-Au)

tomato leaf curl virus - In [L12739, L11746] (ToLCV-In)
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tomato mottle virus [L14460, L14461] (TMoV)
tomato yellow dwarf virus (ToYDV)
tomato yellow leaf curl virus - Is [X15656] (TYLCV-Is)
tomato yellow leaf curl virus - Sr [X61153, Z25751, 1.27708] (TYLCV-Sr)
tomato yellow leaf curl virus - Th [M59838, M59839] (TYLCV-Th)
tomato yellow leaf curl virus - Ye [X79429] (TYLCV-Yem)
tomato leaf crumple virus [L27267 to L.27269] (TLCrV)
tomato yellow mosaic virus (ToYMV)
watermelon chlorotic stunt virus [X79430] (WmCSV)
watermelon curly mottle virus (WmCMYV)
TENTATIVE SPECIES IN THE GENUS

cowpea golden mosaic virus (CpGMYV)
eggplant yellow mosaic virus (EYMV)
Eupatorium yellow vein virus (EpYVV)
lupin leaf curl virus (LLCV)
papaya leaf curl virus (PaLCV)
sida yellow vein virus (SiYVV)
Solanum apical leaf curl virus (SALCV)
soybean crinkle leaf virus (SCLV)
Wissadula mosaic virus (WiMV)

LisT oF UNASSIGNED VIRUSES IN THE FAMILY

None reported.

SIMILARITY WITH OTHER TAXA

None reported.

DEeRIVATION OF NAMES

Gemini: from latin, “twins” describing the characteristic twinned particle morphology
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Famiry CIRCOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Circoviridae
Genus Circovirus

GeENus  CIRCOVIRUS
Type Species  chicken anemia virus

VIRION PROPERTIES

(CAV)

MORPHOLOGY

Virions are 17-22 nm in diameter, icosahedral in structure, and do not possess an envelope.
Chicken anemia virus (CAV), has a defined surface structure, whereas porcine circovirus
(PCV) and beak and feather disease virus (BFDV) exhibit no surface structure.

Figure 1: (left) Negative contrast electron micrograph of BFDV virions; (right) negative contrast electron
micrograph of CAV virions. Bars represent 100 nm.

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

The buoyant density of virions in CsCl is 1.33 - 1.37 g/cm® Virion Mr, sedimentation
coefficient, pH stability, heat sensitivity and other characteristics have not been reported.

NucLeic Acip

Virions contain circular ssDNA, 1.7-2.3 kb in size. Possible plant virus members have
ssDNA 0.85-1 kb in size.

PROTEINS

CAV and PCV are composed of one protein, Mr 50 x 10%, and 36 x 10%, respectively. BFDV is
composed of three proteins, Mr 26.3, 23.7 and 15.9 x 10°. Possible plant virus members have
one protein, Mr 19-20 x 10 in size.

LiriDSs

None reported.
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CARBOHYDRATES

None reported.

GENOME ORGANIZATION AND REPLICATION

CAV has 3 ORFs but only 1 protein has been associated with the virion. BFDV has 3
proteins. PCV depends on cellular enzymes that are expressed during the S growth phase
of host cells. Details of replication and morphogenetic strategies are not known.

ANTIGENIC PROPERTIES

No common antigens have been reported between CAV, PCV and BFDV. BFDV exhibits
hemagglutination.

BioLoGicAL PROPERTIES

Viruses appear to be specific for species of origin. Modes of transmission and possible
vectors are not known. The viruses have a worldwide distribution. CAV causes transient
anemia and immunosuppression in baby chicks. BFDV causes chronic and ultimately fatal
disease in large psittacine birds. No disease has been associated with PCV infection. Cells
of the hematopoietic system are infected by CAV and BFDV.

LisT OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

beak and feather disease virus (BFDV)
chicken anemia virus [M55918] (CAV)
porcine circovirus (PCV)

TENTATIVE SPECIES IN THE GENUS
None reported.
LisT oF UNASSIGNED VIRUSES IN THE FAMILY

Unassigned viruses, and their abbreviations () that are considered possible members of the

family are:

banana bunchy top virus (BBTV)
coconut foliar decay virus (CFDV)
subterranean clover stunt virus (SCSV)

SIMILARITY WITH OTHER TAXA

None reported.
DERIVATION OF NAMES

circo: sigla to indicate that the viral DNA has a circular conformation
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FAMILY PARVOVIRIDAE

TAXONOMIC STRUCTURE OF THE FAMILY

Family Parvoviridae

Subfamily Parvovirinae

Genus Parvovirus
Genus Erythrovirus
Genus Dependovirus
Subfamily Densovirinae
Genus Densovirus
Genus Iteravirus
Genus Contravirus

VIRION PROPERTIES
MORPHOLOGY

Virions are unenveloped, 18-26 nm in diameter, and exhibit icosahedral symmetry. The
particles are composed of 60 copies of the capsid protein. The principal protein appears to
be either VP2 or VP3 although 12 of the copies may be VP1.

Figure 1: (left) Canine parvovirus capsid structure using a space-filling model, where each amino acid is
represented by a 4A sphere. One VP2 molecule is shown using darker spheres to illustrate the contribution of
each VP2 protein to the structure and the intertwined arms of the VP2 molecules. (right) Negative contrast
electron micrograph of canine parvovirus, the bar represents 100 nm, (courtesy of Parrish CR).

PHYSICOCHEMICAL AND PHYSICAL PROPERTIES

Virion Mr is about 5.5-6.2 x 10°. Virion buoyant density is 1.39-1.42 g/cm?®in CsCl. TheS,
is 110-122. Infectious particles are composed of about 80% protein and about 20% DNA.
Infectious particles with buoyant densities about 1.45 g/cm?® may represent conformational
or other variants, or precursors to the mature particles. Defective particles with deletions in
the genome occur and exhibit lower densities. Mature virions are stable in the presence of
lipid solvents, or on exposure to pH 3-9 or, for most species, incubation at 56° C for at least
60 min. Viruses can be inactivated by treatment with formalin, B-propriolactone, hydroxy-
lamine, or oxidizing agents.

NucLeic Acip

The genome is a linear, molecule of ssDNA, 4-6 kb in size with a (Mr 1.5-2.0 x 10°). The G+C
content is 41-53%. Some members preferentially encapsidate ssDNA of negative polarity
(ie., complementary to the viral mRNA species; e.g.,, MMV), others may encapsidate
ssDNA species of either polarity in equivalent (e.g., AAV), or different proportions (BPV).
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The percentage of particles encapsidating the positive strand can vary from 1 to 50% and
may be influenced by the host cell in which the virus is produced (e.g., LUIII virus). After
extraction, and depending on the amounts present, the complementary strands may hybrid-
ize in vitro to form dsDNA.

PROTEINS

Viruses generally have 2-4 virion proteins species (VP1-4). Depending on the species, the
Mr of VP1 species is 80-96 x 10, the VP2 species is 64-85 x 10°, the VP3 species is 60-75 x 10°
and the VP4 species 49-52 x 10°. The viral proteins represent alternative forms of the same
gene product. Enzymes are lacking. The principal protein species is VP2 or VP3. Spermidine,
spermine, and putrescine have been identified in some virus particles.

LiriDs

Virions lack lipids.

CARBOHYDRATES

None of the viral proteins is glycosylated.

GENOME ORGANIZATION AND REPLICATION

Parvoviruses possess 2 major genes, the REP (or NS) ORF that encodes functions required
for transcription and DNA replication, and the CAP (or S) ORF that encodes the coat
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Figure 2: Gene organization and schemes of transcription are shown for AAV, MVM and B19 viruses. Genes are
shown as boxes. The left ends of the mRNAs (thick lines) are the sites of the mRNA caps (filled circles), the right
ends are the polyadenylation sites (oblique lines); introns are indicated by thin lines (adapted from Berns, 1990).
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proteins. Both genes are present on the same DNA strand in the cases of the vertebrate
parvoviruses (Fig. 2) and some densoviruses (e.g., Densovirinae genera Iteravirus and
Contravirus, Fig. 3 lower). In the case of Densovirus, the REP function and the coat proteins
are encoded on complementary strands (Fig. 3 upper). Other minor ORFs have been
detected in some viruses. For some of these a protein product has been identified (e.g., the
ORE for the amino terminus of VP1). The MMV REP ORF produces 2 major non-structural
proteins, NS1, NS2.

ORF 1
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ORF2__ L ORF4

| ORF 3 Vi

mid ORF?
ﬁ

b = NS | S |
>
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Figure 3: The genetic organization of (upper) the invertebrate Junonia coenia densovirus (Densovirus), and
(lower) Aedes albopictus densovirus (Contravirus). S = structural proteins; NS = non-structural proteins; I, IV,
VI are reading frames. The arrowed lines indicate the possible transcription products that have been deduced
from DNA sequence analyses.

Mutations within the REP (NS) ORF of MMV block virus replication and gene expression.
For some viruses alternative splicing allows different forms of the REP gene products to be
produced. The coat (CAP) ORF of MMV produces up to 3 proteins. MMV VP3 is generated
in the intact capsid by proteolytic cleavage of VP2. VP1 and VP2 are identical except for
their amino termini. Synthesis of VP1 derives from a spliced mRNA that brings an
upstream small ORF with basic amino acids motifs to the 5' of the VP2-coding sequence.
Parvoviruses use an alternative splice donor, while dependoviruses use an alternative
splice acceptor for this purpose. VP1, by virtue of its particular position in the capsid
structure may facilitate DNA binding. Mutants in REP or CAP can be complemented in

trans. The palindromic sequences (at both termini) are required in cis for DNA replication
to occur.

The processes of adsorption and uncoating are poorly understood. Viral replication takes
place in the cell nucleus and appears to require the cell to go through its S phase, indicating
a close association between the host and viral replication processes, and probably involving
host DNA polymerase(s) (e.g., o, , or others). Rendering the viral genome into a dsDNA is
thought to be required before mRNA transcription occurs. DNA synthesis derives from a
self-priming mechanism and the existence of palindromic sequences (Fig. 4). The replicative
intermediate is a linear duplex molecule covalently linked at one end by a hairpin primer.
The covalent link is broken by the REP protein(s) and the hairpin is transferred to the
progeny strand. The resulting 3' terminal gap in the parental strand is repaired using the
transferred sequence as a template. In the case of MMV, NS1 (REP equivalent) is covalently
bound to the 5' end of the progeny strand. Other replicative intermediates include
concatameric structures. Mature ssDNA genome equivalents are removed from the
replicative complex in a manner that seems to be dependent on the availability of some
species of NS protein and empty capsid assembly.
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Figure 4: DNA replication model for AAV. The terminal repeats of AAV are self-complementary and capable
of forming hairpins shown in structureII. This allows for self-primed DNA synthesis from the 3' hydroxyl group.
Thessite and strand specificnick shown in IV is madeby Rep 68 or Rep 78. The two large Rep proteins also possess
helicase activity, as required for the isomerization to convert structure V to VI. Structures VII and VIII are
equivalent to structures Iland I1I. Structure VII can either be encapsidated during strand displacement (resulting
in net virion production) or it can enter the template amplification pathway as shown.

Rep68 or Rep78, the two large Rep proteins also possess helicase activity, as required for the
isomerization to convert structure V to VI. Structures VII and VIII are equivalent to



PARvovIRIDAE 173

structures Il and III. Structure VII can either be encapsidated during strand displacement
(resulting in net virion production) or it can enter the template amplification pathway as
shown. Depending on the virus there may be 1 (B19 virus, Iteravirus and Contravirus), 2
(MMV, Densovirus), or 3 (AAV) promoters for mRNA transcription (Fig. 2). Some of the
mRNAs are spliced allowing alternate forms of the protein products to be produced. The
mRNA species are capped and polyadenylated either at a common 3'site near the end of the
genome (MMV, AAV), or at an alternative polyadenylation site in the centre of the genome
as well as at a site near the end of the genome (B19, ADV).

Depending on the species, viruses may benefit from co-infection with other viruses, such as
adenoviruses, or herpesviruses, or from the effects of chemical or other treatments of the
host. Viral proteins accumulate in the nucleus in the form of empty capsid structures.
Progeny infectious virions accumulate in the cell nucleus.

ANTIGENIC PROPERTIES

Some, but not all, species in a genus may be antigenically related by epitopes in the NS
proteins.

BioLOGICAL PROPERTIES

Autonomous parvoviruses require host cell passage through S-phase. Certain parvoviruses
replicate efficiently in the presence of helper viruses (e.g., adenoviruses, herpesviruses).
These helper functions involve the adenovirus or herpes early gene products and trans-
activation of parvovirus replication. The helper functions appear to relate to effects of the
helper virus upon the host cell rather than direct involvement of helper virus gene products
in parvovirus replication.

Association of parvoviruses with tumor cell lines appears to relate to increased DNA
replication and/ or the state of differentiation in such cells rather than previous involvement
as an etiologic agent of oncogenesis. Co-infection involving certain parvoviruses and
selected oncogenic adenoviruses (or other viruses) may reduce the oncogenic effect of those
viruses, possibly by promoting cell death.

In certain circumstances parvovirus DNA may integrate into the host genome from which
it may be activated by subsequent helper virus infection. The site of integration may be
specific in certain hosts (e.g., the q arm of human chromosome 19 for AAV-2).

SUBFAMILY PARVOVIRINAE

TAXONOMIC STRUCTURE OF THE GENUS

Subfamily Parvovirinae
Genus Parvovirus
Genus Erythrovirus
Genus Dependovirus

DIiISTINGUISHING FEATURES

Viruses assigned to the subfamily Parvovirinae infect vertebrates and vertebrate cell cul-
tures, frequently in association with other viruses.
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GENUS

Type Species

PARVOVIRUS

mice minute virus (MMV)

DISTINGUISHING FEATURES

For some members of the genus, mature virions contain negative-strand DNA of 5 kb. In
other members, positive-strand DNA occurs in variable proportions (1-50%). The linear
molecule of ssDNA has hairpin structures at both the 5- and 3'-ends. The 3'-terminal
hairpin is 115-116 nt in length, the 5' structure is 200-242 nt long. There are two mRNA
promoters (map units 4 and 39) and a single polyadenylation site at the 3' end. Character-
istic cytopathic effects are induced by the viruses during replication in cell culture. Many
species exhibit hemagglutination with red blood cells of one or more species. Under
experimental conditions the host range may be extended to a large number of vertebrate
species (e.g., rodent viruses and LUIII replicate in Syrian hamsters). Transplacental trans-
mission has been detected for a number of species. Goose parvovirus is transmitted
vertically through the ovary.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

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

SPECIES IN THE GENUS

Aleutian mink disease virus [M20036] (AMDV)
(Aleutian disease virus)

bovine parvovirus [M14363] (BPV)
canine minute virus (CMV)
canine parvovirus [(M19296] (CPV)
chicken parvovirus (ChPV)
feline panleukopenia virus [M75728] (FPV)
feline parvovirus

goose parvovirus (GPV)
HB virus (HBPV)
H-1 virus [X01457] (H-1PV)
Kilham rat virus (KRV)

(rat virus, R)

lapine parvovirus (LPV)
LUIII virus [M81888] (LUIILV)
mink enteritis virus (MEV)
mice minute virus [J02275] (MMYV)
porcine parvovirus [D00623] (PPV)
raccoon parvovirus [M24005] (RPV)
RT parvovirus (RTPV)
tumor virus X (TVX)

TENTATIVE SPECIES IN THE GENUS

rheumatoid arthritis virus (RAV-1)
ERYTHROVIRUS
B19 virus (B19V)

DISTINGUISHING FEATURES

Populations of mature virions contain equivalent numbers of positive and negative sense
ssDNA, 5 kb in size. The DNA molecules contain inverted terminal repeats of 383 nucle-
otides, the first 365 of which form a palindromic sequence. Upon extraction, the comple-
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mentary DNA strands usually form dsDNA. There is a single mRNA promoter (map unit
6) and two polyadenylation signals, one near the middle of the genome, the other near the
3'end. Efficient replication occurs in primary erythrocyte precursors. There have also been
reports of productive infection of primary umbilical cord erythrocytes and of a continuous
line of megakaryoblastoid cells.

LiST OF SPECIES IN THE GENUS

GENUS

Type Species

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

SPECIES IN THE GENUS
B19 virus [M13178, M24682] (B19V)
TENTATIVE SPECIES IN THE GENUS

None reported.

DEPENDOVIRUS

adeno-associated virus 2 (AAV-2)

DISTINGUISHING FEATURES

Populations of mature virions contain equivalent numbers of positive or negative strand
ssDNA 4.7 kb in size. The DNA molecules contain inverted terminal repeats of 145
nucleotides, the first 125 of which form a palindromic sequence. Upon extraction, the
complementary DNA strands usually form dsDNA. The are three mRNA promoters (map
units 5, 19, 40). Efficient virus replication is dependent upon helper adenoviruses or herpes
viruses. Under certain conditions (presence of mutagens, synchronization of cell replica-
tion with hydroxyurea), replication can also be detected in the absence of helper viruses. All
AAV isolates share a common antigen as demonstrated by fluorescent antibody staining.

Transplacental transmission has been observed for AAV-1 and vertical transmission has
been reported for avian AAV.

LiST OF SPECIES IN THE GENUS

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

SPECIES IN THE GENUS

adeno-associated virus 1 (AAV-1)
adeno-associated virus 2 [J01901] (AAV-2)
adeno-associated virus 3 (AAV-3)
adeno-associated virus 4 (AAV-4)
adeno-associated virus 5 (AAV-5)
avian adeno-associated virus (AAAV)
bovine adeno-associated virus (BAAV)
canine adeno-associated virus (CAAYV)
equine adeno-associated virus (EAAV)
ovine adeno-associated virus (OAAV)

TENTATIVE SPECIES IN THE GENUS

None reported.
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SUBFAMILY DENSOVIRINAE

TAXONOMIC STRUCTURE OF THE SUBFAMILY

Subfamily Densovirinae
Genus Densovirus
Genus Iteravirus
Genus Contravirus

DISTINGUISHING FEATURES

GENUS

Type Species

Viruses assigned to the subfamily Densovirinae infect arthropods. The ssDNA genome of
virions is either of positive or negative sense. Upon extraction, the complementary DNA
strands usually form dsDNA. There are four structural proteins. Viruses multiply effi-
ciently in most of the tissues of larvae, nymphs, and adult host species without the
involvement of helper viruses. Cellular changes consist of hypertrophy of the nucleus with
accumulation of virions therein to form dense, voluminous intranuclear masses. The
known host range includes members of the Dictyoptera, Diptera, Lepidoptera, Odonata and
Orthoptera. There is evidence that densovirus-like viruses also infect and multiply in crabs
and shrimps.

DENSoOVIRUS

Junonia coenia densovirus (JeDNV)

Di1STINGUISHING FEATURES

The ssDNA genome is about 6 kb in size. Populations of virions encapsidate equal amounts
of positive and negative strands. On one strand there are 3 ORFs which encode NS proteins
using a single mRNA promoter (7 map units from the end). The four structural proteins are
encoded on the complementary strand, using an mRNA promoter that is 9 map units from
the end of that strand. JaDNV has an inverted terminal repeat of 517 bases, the first 96 of
which can fold to form a T-shaped structure of the type found in the ITR of AAV DNA.

LisT OF SPECIES IN THE GENUS

GENUS

Type Species

The viruses, and their assigned abbreviations () are:

SPECIES IN THE GENUS

Galleria mellonella densovirus (GmDNYV)
Junonia coenia densovirus (JcDNV)

TENTATIVE SPECIES IN THE GENUS

None reported.
ITERAVIRUS

Bombyx mori densovirus (BmDNV)

DI1STINGUISHING FEATURES

The ssDNA genome is about 5 kb in size. Populations of virions encapsidate equal amounts
of plus and minus strands. ORFs for both the structural and NS proteins are located on the
same strand. There is apparently one mRNA promoter upstream of each ORF. There is a
small ORF on the complementary strand of unknown function. The DNA has an inverted
terminal repeat of 225 bases, the first 175 are palindromic bu<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>