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Families and Groups of Viruses Associated with Insect

DNA VIRUSES
Double-stranded DNA, enveloped

Families of Viruses Infecting Invertebrates

POXVIRIDAE, Poxviruses
ENTOMOPOXVIRINAE, Poxviruses of insects
Three probable genera (poxvirus a, 5, 7)
BACULOVIRIDAE
Baculovirus
Subgroup A, nuclearpolyhedrovirus
Subgroup B, granulosis virus
Subgroup C, enveloped nonoccluded
rod-shaped nuclear virus
POLYDNAVIRIDAE
Polydnavirus
Subgroup A, polydnavirus with fusiform
nucleocapsids

Subgroup B, polydnavirus with rod-shaped
nucleocapsids
Double-stranded DNA, nonenveloped
IRIDOVIRIDAE, icosahedral cytoplasmic deoxyriboviruses
Iridovirus, small iridescent insect virus
Chloriridovirus, large iridescent insect virus
Single-stranded DNA, nonenveloped
PARVOVIRIDAE, parvoviruses
Densovirus, densonucleosis virus
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a—FKRy 7274 )VRHiF}  Chordopoxvirinae (BFHEBIWICIEST 2)

ANERY 7 AT A)VAJE  Genus: Orthopoxvirus )}ﬁ)}% 1‘7 /f LA [VariOIa ViI'US]
T TANA T HET AR Variola virus o B
G A VA Cowpox virus ﬁ{tl\\/\ 7 ]\ O) E /f 7 c: Eé) ﬁ%@ﬁﬂl‘ﬁiﬁ“) ﬁ) b

‘7*—7“/:.'7'7'4’ JVA  Vaccinia virusem poxvi.htm f,.‘\r@ﬁb)%ﬁﬁf‘@ % : & . /\éﬁﬁ & ‘OT&_‘T:’A‘

NRIRYy 7 AT INVA)E Genus: Parapoxvirus

ELYANA L A=T A NA Orf virus DF\VEYYRTDH > 7, FfE X 2 WHOD 4 FUE
T4 Ry 7 AT A IVAE  Genus: Avipoxvirus . N
FHRUANA D EERY 2 A4 LA Fowlpox virus %*Erﬁ@ﬁjrﬁﬁ%%% L. 19774F10HE 7 7 ) A DY
ATVRY 7 A7 A)VAJE Genus: Capripoxvirusem_ poxvi.htm ) - N=R7 . \
FIANA L EYYKRY ZAT AR Sheeppox virus ~ ) 7 cb ILh%%ééEi) E—‘,fﬁ\f = 71; = & 75 %
LARY Ry 7 A7 A)AE  Genus: Leporipoxvirus WHO X 1979£|5 O)iﬂ'{fj\fj:i)) 5 3{““)447‘7)3]:%‘{% SN’
FERTANVAR D FEEY A VA Myxoma virus iy . . . o .
IRy VAT AINARIE  Genus: Molluscipoxvirus HiE Li Lf:o 9%0)‘1‘ ]‘ v — ]\ * ?/J:»/'j——i?)
F 7 AR Molluscum contagiosum virus éE Ly 7 ?_ V% % Elﬁ 5’% L 71«: .

YRy 7 A7 AIVAJE Genus: Yatapoxvirus
FETANVA T XYONYOUEE Y A LA Yaba monkey tumor virus
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&I A4IVA - Melolontha melolontha entomopoxvirus
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T AIVA ¢ Amsacta moorei entomovirus
BWAR Yy 7224 )VA Gamma J& Genus: Gammaentomopoxvirus  OPUHAH EH)
T4 IVA i Chironomus luridus entomopoxvirus

- R LR LTHeEY). BHICEG, BE7A VAR, RAREZE ST,
S VAm 8 LV IRDO KLY £ LA
- BinT A8 ARH#HDNA


http://www.ictvdb.org/WIntkey/Images/em_poxvi.htm
http://www.ictvdb.org/WIntkey/Images/em_poxvi.htm
http://www.weblio.jp/content/%E7%97%98%E7%98%A1
http://www.weblio.jp/content/%E3%82%A6%E3%82%A4%E3%83%AB%E3%82%B9
http://www.weblio.jp/content/%E5%8F%A4%E4%BB%A3%E3%82%A8%E3%82%B8%E3%83%97%E3%83%88
http://www.weblio.jp/content/%E3%83%9F%E3%82%A4%E3%83%A9
http://www.weblio.jp/content/%E7%97%98%E7%98%A1
http://www.weblio.jp/content/%E7%97%95%E8%B7%A1
http://www.weblio.jp/content/%E5%A4%A9%E7%84%B6%E7%97%98
http://www.weblio.jp/content/%E7%97%85%E6%B0%97
http://www.weblio.jp/content/%E4%BA%BA%E9%A1%9E
http://www.weblio.jp/content/%E6%AD%BB%E4%BA%A1%E7%8E%87
http://www.weblio.jp/content/%E4%BC%9D%E6%9F%93%E7%97%85
http://www.weblio.jp/content/%E7%A8%AE%E7%97%98
http://www.weblio.jp/content/%E5%85%A8%E4%B8%96%E7%95%8C
http://www.weblio.jp/content/%E7%97%98%E7%98%A1
http://www.weblio.jp/content/%E6%A0%B9%E7%B5%B6
http://www.weblio.jp/content/%E8%A8%88%E7%94%BB
http://www.weblio.jp/content/%E5%8A%9F%E3%81%97
http://www.weblio.jp/content/1977%E5%B9%B4
http://www.weblio.jp/content/10%E6%9C%88
http://www.weblio.jp/content/%E6%9D%B1%E3%82%A2%E3%83%95%E3%83%AA%E3%82%AB
http://www.weblio.jp/content/%E3%82%BD%E3%83%9E%E3%83%AA%E3%82%A2
http://www.weblio.jp/content/%E3%81%AB%E3%81%8A%E3%81%91%E3%82%8B
http://www.weblio.jp/content/%E6%82%A3%E8%80%85
http://www.weblio.jp/content/%E7%99%BA%E7%94%9F
http://www.weblio.jp/content/%E6%9C%80%E5%BE%8C
http://www.weblio.jp/content/1979%E5%B9%B4
http://www.weblio.jp/content/%E5%9C%B0%E7%90%83
http://www.weblio.jp/content/%E5%A4%A9%E7%84%B6%E7%97%98
http://www.weblio.jp/content/%E6%92%B2%E6%BB%85
http://www.weblio.jp/content/%E5%AE%A3%E8%A8%80
http://www.weblio.jp/content/%E8%8B%B1%E5%9B%BD
http://www.weblio.jp/content/%E3%82%A8%E3%83%89%E3%83%AF%E3%83%BC%E3%83%89%E3%83%BB%E3%82%B8%E3%82%A7%E3%83%B3%E3%83%8A%E3%83%BC
http://www.weblio.jp/content/%E7%94%9F%E3%83%AF%E3%82%AF%E3%83%81%E3%83%B3
http://www.weblio.jp/content/%E9%96%8B%E7%99%BA

Alpha : ##H
Melolontha melolontha entomopoxvirus (MMEYV)
Anomala cuprea entomopoxvirus [AB005053] (ACEV)

Complete nucleotide sequence of spheroidin gene of Anomala cuprea
entomopoxvirus Virus Res. 55 (1), 61-69 (1998)
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Amsacta moorei entomopoxvirus 'L' (AMEYV)

Complete genomic sequence of the Amsacta moorei entomopoxvirus:
analysis and comparison with other poxviruses
Virology 274 (1), 120-139 (2000)

Arphia conspersa entomopoxvirus 'O' (ACOEV)

Gamma - XCHH

Chironomus luridus entomopoxvirus (CLEV)
Aedes aegypti entomopoxvirus (AAEV)
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Sequence
Sequence
Sequence
Sequence
Secquence

gi| 13876680 | gb | AAKA4A3568.1] 1210 aa-Lunpy skin disease wirus=Homolog of Vac.JER
gi|6681610 |dbj |BAABS785.1]1 1285 aa-Yaba monkey tumor wvirus=Homolog of Vac J6R

gi| 9964535 |ref |[NP_065003.1| 1301 aa-AmEPV2Zl Amsacta moorei eIltOIIlOpOXVII'llS
gil9631519 |ref |[NP_048113.1| 1319 aa-NsEPv04a3 Melanoplus sanguinipes entomopoxvirus

DIEFV36 772 aa-DIEPV RI-36-1 Djgchasmimorpha entomopoxvirus

nH W -

CLUSTAL W (1.81) multiple secquence aligrment

gi| 13876680 | gb| AAK4A3568.
gi|6681610|dbj |BAABS7SS.

AnEPV221
MsEPV043
DIEPV36

gi| 13876680 | gb|AAK43568.
gi|6681610|db]j|BAASST8S.

AnEPV2Z 1
MsEPVO43
DIEPV36

gi| 13876680 gb| AAK43568.
gi|6681610|db]j|IBAABST7SS.

AnEPVZ2Z1
MsEPV043
D1EPV36

1113876680 gbl AAK43568.
gi|6681610|db]j |IBAASST78S.

AnEPV221
MsEPVA03
D1EPV36

1]
1]

1]
1]

1]
1]

1]
1]

-------------------------------------------- MDGALC
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MAKVNTEILF MIPNSI DSIPII NSISNDADN-NVKSTKLGGTKINVC

-------- EF VSN ESIPIA KNISGENKTEAAQLG=--AIDSFQKC
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EKTCGKT-ELQ FGHUGKVRLYETHIIXKPEYIGEVIR LN--HICIRC FL
KTCEKT-ELQ FGHUGKVRLYETHIVKPEYIGEVVR LN--HICIRC FL
STCNLTRENGDMGHPGRTPLRDMCIVKSGCIFNVLDTLNTLKLCNSCFMI
STCRITKDNGDLGHPGRTPLKEMAIIKP AFIFSVLDTLNALKICSHNCKMF

ETCQLT==SACPGHFGKFHLTQP ~LFRKVAFEKLVENIFK--YTCSFCCAL
R LR T T * . * %
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a large gene that encodes a homolog of a DNA-directed RNA polymerase.
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Families and Groups of Viruses Associated with Insect

DNA VIRUSES
Double-stranded DNA, enveloped

Families of Viruses Infecting Invertebrates

POXVIRIDAE, Poxviruses
ENTOMOPOXVIRINAE, Poxviruses of insects
Three probable genera
BACULOVIRIDAE
Baculovirus
Subgroup A, nuclearpolyhedro virus
Subgroup B, granulosis virus
Subgroup C, enveloped nonoccluded
rod-shaped nuclear virus
POLYDNAVIRIDAE
Polydnavirus
Subgroup A, polydnavirus with fusiform
nucleocapsids

Subgroup B, polydnavirus with rod-shaped
nucleocapsids
Double-stranded DNA, nonenveloped
IRIDOVIRIDAE, icosahedral cytoplasmic deoxyriboviruses
Iridovirus, small iridescent insect virus
Chloriridovirus, large iridescent insect virus
Single-stranded DNA, nonenveloped
PARVOVIRIDAE, parvoviruses
Densovirus, densonucleosis virus
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Nucleocapsids

3

T—virion

A) Baculovirus particles, or polyhedra; B) Cross-section of a polyhedron; C) Diagram of
polyhedron cross-section.
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L "r . genome.

EppoMNPV
118584 bps

Circular map of the EppoMNPV genome.

The sites for the restriction enzymes HindIII

(outer circle) and EcoRI (inner circle) are shown with

fragments named according to size. Fragments R and

S (*) are reversed from the original map published by
Hyink et al. (1998) . Arrows indicate the
size, location and direction of the 136
ORFs 1dentified on the EppoMNPV

fr . Open arrows indicate ORFs conserved
) i .« between all the sequenced baculoviruses
" "% .. _ shaded arrows indicate ORFs that have
Ze homologues in some but not all
t, * baculoviruses and black arrows indicate
A % e ORFs unique to EppoMNPV.
NN The positions of repeat regions are

S il_ W % indicated by black boxes.

The unique repeat 1s identified as UR.

Epiphyas postvittana nucleopolyhedrovirus (EppoMNPV)
genome



Reference: C.P. van der Beek. Doctoral Thesis
1980. Wageningen, The Netherlands a similar
diagram can be found in the:Encyclopedia of
Virology Vol. 1, page 134. eds. Webster and
Granoff.
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(a) 100¢ SeMNPV (US1)
1oom‘m_‘: STMNPV (3AP2) <—
AgseNPV (A)
MacoNPV (B)
100+ Amq;mcoupv (A-90/2)
1001100 MacoNPV (A-90/4)

—— ChchNPV
100/~ L— TnSNPV
AdhoNPV
90| 182% CIbINPV (DZ1)
100v99
LAMNPV (CI5-6)
g71. HzSNPV
1001100 j HearNPV C1
100/1001 HearNPV G4
ACMNPV (C8)
SpiNPV (G2)
CpGV (M1)

81/-

—_—
0.1 substitutions per site

100/1 AgipNPV (MB6-2)
(b) 58/ AgseNPV (A12-3)
9083 AgseNPV (A)
72/89 SeMNPV (US1)
100/1 SIMNPV (3AP2) <—
PemaNPV (A25-4)
99/98 MacoNPV (A-90/2)
99751 MacoNPV (A-90/4)
MbMNPV (A3-5)
007100|, MbMNPV (A10-1)
78,- % MacoNPV (B)
85/-'MbMNPV (S33)
3 TnSNPV
100L1™ ~ ChehNPY
100851 PlacNPV (A14-5)
AcMNPYV (C6)
SpliNPV (AS-1)
SplINPV (A26-5)
SpteNPV (A26-1)
SpItNPV (S37)
91/- L SPINPV (G2)
B a7, SpINPV (A17-3)
o774 MacaNPV (M30-6)
100?_TMalacosoma spp. NPV
MaamNPV (M39-4)
10011oo|_{- ManeNPV (A2-6)
ga/94t ManeNPV (S32)
AdhoNPV
84/-r HearNPV (C1)
712 ) HearNPV (G4)
HzSNPV
100-1 BufuNPV (A2-4)

Phylogenetic analysis of concatenated amino
acid sequence alignments, showing bootstrap
values >50 % for ME and MP trees at each
node (ME/MP). The location of
STMNPV-3AP2 (bold) is indicated by an arrow.

. CIbiNPV (DZ1)
100/100~ BODINPV (AS5-4)

EcgrNPV (S22)
4;’ ApciNPV (S7)
BusuNPV (S13)

s DapINPV (M36-8)
HeveNPV (A24-5)
54r- EudiNPV (S24)
EupsNPV (A13-1)

1 LAMNPV (CI5-6)
LyxyNPV (S31)
1001 LymoNPV (A14-3)
100/100' LymoNPV (A19-3)

b —
0.05 substitutions per site

CpGV (M1)
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SeMNPV RNy
1000

0.1 BmNPY  AcMNPV

FIG. 4. Baculovirus phylogeny based on the major capsid protein.
The sequences of Ac89 (vp39-capsid) and its homologs were deter-
mined using CLUSTAL W (Thompson et al., 1994) and TREEVIEW (Page,

1996). Numbers are values determined by bootstrap analyses. For
references, see Table 1.



Oryctes Virus:

Family of INSECT VIRUSES containing two subfamilies: Eubaculovirinae
(occluded baculoviruses) and Nudibaculovirinae (nonoccluded baculoviruses).

USE OF MICROBES FOR CONTROL AND ERADICATION OF INVASIVE ARTHROPODS
Progress in Biological Control, 2009, Volume 6, Part IV, 133-140, DOI: 10.1007/978-1-4020-8560-4_8

The Use of Oryetes Virus for Control of Rhinoceros Beetle in the Pacific Islands

Trevor A. Jackson
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Families and Groups of Viruses Associated with Insect

DNA VIRUSES
Double-stranded DNA, enveloped

Families of Viruses Infecting Invertebrates

POXVIRIDAE, Poxviruses
ENTOMOPOXVIRINAE, Poxviruses of insects
Three probable genera
BACULOVIRIDAE
Baculovirus

Subgroup A, nuclearpolyhedro virus
Subgroup B, granulosis virus
Subgroup C, enveloped nonoccluded

rod-shaped nuclear virus
POLYDNAVIRIDAE

Polydnavirus
Subgroup A, polydnavirus with fusiform

nucleocapsids

Subgroup B, polydnavirus with rod-shaped
nucleocapsids
Double-stranded DNA, nonenveloped
IRIDOVIRIDAE, icosahedral cytoplasmic deoxyriboviruses
Iridovirus, small iridescent insect virus
Chloriridovirus, large iridescent insect virus
Single-stranded DNA, nonenveloped
PARVOVIRIDAE, parvoviruses
Densovirus, densonucleosis virus




The Polydnaviruses (PDV) are a family of insect viruses that contain two genera: Ichnoviruses (IV) and
Bracoviruses (BV). The genome of the virus is composed of multiple segments of double-stranded, superhelical DNA
packaged in capsid proteins and a double layer (1V) or single layer (BV) envelope.

Both genera of PDV share certain characteristics:

Ovipositor i AN - . : : . :
P o’ - = the virus particles of each contain multiple
v Hemocytes » , \‘ segments of dsDNA with each segment
g r containing only part of the full genome (much like
Wasp egg = , » chromosomes in eukaryotic organisms);
Polydnavirus /—J' ‘ = the genome of each is integrated into the host
§ .

e wasp genome;

' = the virus particles are only replicated (produced)
in specific cell types in the female wasp
reproductive organs.

However, the morphology of the two genera are
different when observed by electron microscopy.
Ichnoviruses tend to be ovoid (egg-shaped) while
bracoviruses are short rods.

Diagram of a PDV host association

Also, as their names suggest, the ichnoviruses occur in
ichneumonid wasps (& X JXFHl) species and

bracoviruses in braconid wasps (¥ 1/VFH}).
20


http://www.ncbi.nlm.nih.gov/ICTVdb/ICTVdB/00.055.htm
http://en.wikipedia.org/wiki/Virus
http://en.wikipedia.org/wiki/Genome
http://en.wikipedia.org/wiki/Ichneumonidae
http://en.wikipedia.org/wiki/Braconidae

Coevolution of Polydnaviruses with Braconid Wasps

Wasp DNA Viral DNA

(NADH1 + 16S ) Cutacaa (crvi)

C.congregata

C. glomerata

C. melitaearum

C. orobenae

Partition metric = | C. marginiventris
p < .05 based on 10,000 reps. C. rubecula cocoon

Polydnaviruses are apparently mutualistic hereditary viruses that are injected into host
caterpillars by some parasitoid wasps and aid in suppression of the host immune system
and redirection of host physiology to aid the survival of developing wasp eggs and larvae.

J. B. Whitfield with N. E. Beckage, University of California, Riverside



Families and Groups of Viruses Associated with Insect

DNA VIRUSES
Double-stranded DNA, enveloped

Families of Viruses Infecting Invertebrates

POXVIRIDAE, Poxviruses
ENTOMOPOXVIRINAE, Poxviruses of insects
Three probable genera
BACULOVIRIDAE
Baculovirus
Subgroup A, nuclearpolyhedro virus
Subgroup B, granulosis virus
Subgroup C, enveloped nonoccluded
rod-shaped nuclear virus
POLYDNAVIRIDAE
Polydnavirus
Subgroup A, polydnavirus with fusiform
nucleocapsids

Subgroup B, polydnavirus with rod-shaped
nucleocapsids
Double-stranded DNA, nonenveloped
IRIDOVIRIDAE, icosahedral cytoplasmic deoxyriboviruses
Iridovirus, small iridescent insect virus
Chloriridovirus, large iridescent insect virus
Single-stranded DNA, nonenveloped
PARVOVIRIDAE, parvoviruses
Densovirus, densonucleosis virus




The family [ridoviridae 1s comprised of four genera, two infecting vertebrates and two infecting
invertebrates

Genus Vernacular name Host species Type species

Iridovirus
Small iridescent insect virus
Invertebrates (mainly insects)
Chilo iridescent virus (IV6)

Chloriridovirus
Large iridescent insect viruses
Mosquitos
Mosquito iridescent virus (IV3)
Lymphocystivirus
Lymphocystis disease virus
Fish
Lymphocystivirus type 1 (LCDV-1)
Ranavirus
Frog virus
Amphibia

Frog Virus 3 (FV3)




Larvae of the grass grub Costelytra zealandica displaying
blue colouration of the hindgut due to iridovirus infection

Paracrystalline array of virus particles within
infected cell

a®

Sf21 tissue culture cell showing cytoplasmic localisation of assembling Wiseana
iridescent virus particles. N=nucleus, VC = viroplasmic centre
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Electron micrograph of a typical iridovirus

Schematic diagram adapted from N.G. Wrigley 1969 (J. Gen. Virol. 5:123-134)



Iridoviruses contain a single copy linear dSDNA genome that ranges in size from 150 to 280 kbp
depending on viral species. The genomes appear unique within the eucaryotic viruses in that they
are terminally redundant and cyclically permuted. This structure is a result of the resolution of
genome concatamers during DNA replication (see replication).
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FV3 replication model adapted from R. Goorha 1982 (J. Virol. 43(2):519-528)

1) Virus particles enter the cell by pinocytosis and uncoating occurs.

2) Viral DNA is transported to the cell nucleus where host macromolecular synthesis is rapidly
shutdown. Transcription is initiated by virally modified host RNA polymerase II.

3) Parental DNA i1s used to produce genome and greater than genome length DNA.

This becomes the template for cytoplasmic replication.

4) Progeny DNA is transported into the cytoplasm where large concatamers of viral DNA are
formed by recombination. Transcription of very late transcripts may also take place in the
cytoplasm.

5) Concatamers are resolved into packaged lengths, possibly by a headful packaging approach.
Virions exit the cell by budding or cell lysis.



Families and Groups of Viruses Associated with Insect

DNA VIRUSES
Double-stranded DNA, enveloped

Families of Viruses Infecting Invertebrates

POXVIRIDAE, Poxviruses
ENTOMOPOXVIRINAE, Poxviruses of insects
Three probable genera
BACULOVIRIDAE
Baculovirus
Subgroup A, nuclearpolyhedro virus
Subgroup B, granulosis virus
Subgroup C, enveloped nonoccluded
rod-shaped nuclear virus
POLYDNAVIRIDAE
Polydnavirus
Subgroup A, polydnavirus with fusiform
nucleocapsids

Subgroup B, polydnavirus with rod-shaped
nucleocapsids
Double-stranded DNA, nonenveloped
IRIDOVIRIDAE, icosahedral cytoplasmic deoxyriboviruses
Iridovirus, small iridescent insect virus
Chloriridovirus, large iridescent insect virus
Single-stranded DNA, nonenveloped
PARVOVIRIDAE, parvoviruses
Densovirus, densonucleosis virus




Parvoviruses Sub-Family Densovirinae

Densovirus Junonia coenia densovirus
[teravirus Bombyx mori virus
Contravirus Aedes aegypti densovirus

One genus in the family Parvoviridae has been recovered from insects, Densovirus (DNV).
First 1solated from the waxworm, Galleria mellonella, these viruses have now been recovered
from Diptera, Orthoptera, Blattodea, Odonata, and other Lepidoptera (Kawase, 1985).

This ssDNA, nonenveloped virus is characterized by its effects on the nucleus of host cells,
and it attacks most host tissues. Infection results in extreme hypertrophy of cell nuclei and the
filling of the nuclei with small isometric particles. The nuclei become strongly eosinophilic
(dense nuclei, thus the name densovirus). Discoloration and paralysis of the host often occur.
These viruses can be very virulent and infectious, and the type species, GmDNYV, has caused
serious problems for the waxworm bait industry in the Midwest in recent years. Despite their
high virulence, densoviruses do not replicate in vertebrates (Bergoin and Tijssen, 1998).

Biological Control:
High virulence and the presence in insect pests have precipitated some interest in use of
densoviruses in biological control (Bergoin and Tijssen, 1998). Infected waxworms were
placed in beehives to successfully eliminate waxworms from the hives (Lavie et al., 1961).
Other pest species have also been successfully treated, for example, the palm oil defoliator,
Sibine fusca (Genty and Mariau, 1975). The sequence homologies between densoviruses and
vertebrate parvoviruses, however, have presented concerns about use, despite lack of evidence
that this genus can infect vertebrates. These viruses have insectidical potential, therefore
specificity and tissue tropism should be studied more thoroughly (Bergoin and Tijssen, 1998).



Subfamily. Densovirinae

Genus 00.050.2.01. Densovirus

Type Species 00.050.2.01.001. Junonia coenia densovirus (JcDNV)
List of Species in the Genus

Species, their serotypes, strains and isolates

00.050.2.01.002. Galleria mellonella densovirus [L32896] (GmDNYV)
00.050.2.01.003. Junonia coenia densovirus [S17265] (JcDNV)
00.050.2.01.006. Mythimna loreyi densovirus (MIDNYV)
00.050.2.01.007. Pseudoplusia inludens densovirus (PiDNV)
Tentative Species in the Genus

00.050.2.81.014. Acheta domestica densovirus (AdDNYV)
00.050.2.81.008. Culex pipiens densovirus (CpDNYV)
00.050.2.81.005. Diatraea saccharalis densovirus (DsDNV)
00.050.2.81.009. Periplanata fuliginosa densovirus (PfDNV)

Genus 00.050.2.02. Iteravirus

Type Species 00.050.2.02.001. Bombyx mori densovirus (BmDNYV)
List of Species in the Genus

Species, their serotypes, strains and isolates

00.050.2.02.001. Bombyx mori densovirus [M15123] (BmDNYV)
00.050.2.02.001. Bombyx mori densovirus [M60583]
00.050.2.02.001. Bombyx mori densovirus [M60584]

Tentative Species in the Genus

00.050.2.83.004. Casphalia extranea densovirus (CeDNYV)



Genus 00.050.2.03. Brevidensovirus
Type Species 00.050.2.03.001. Aedes aegypti densovirus (AaDNV)
List of Species in the Genus

00.050.2.03.001.
00.050.2.03.002.

Aedes aegypti densovirus (AaDNYV)
Aedes albopictus densovirus (AIDNYV)

Tentative Species in the Genus

00.050.2.83.014.
00.050.2.83.015.
00.050.2.83.003.
00.050.2.83.004.
00.050.2.83.005.
00.050.2.83.006.
00.050.2.83.007.
00.050.2.83.008.
00.050.2.83.009.
00.050.2.83.010.
00.050.2.83.011.
00.050.2.83.012.
00.050.2.83.013.
00.050.2.83.016.
00.050.2.83.017.
00.050.2.83.018.

Acheta domestica densovirus (AdDNV)
Aedes pseudoscutellaris densovirus (ApDNYV)
Agraulis vanillae densovirus (AvDNYV)
Casphalia extranea densovirus (CeDNYV)
Diatraea saccharalis densovirus (DsDNV)
Euxoa auxiliaris densovirus (EaDNV)
Leucorrhinia dubia densovirus (LdDNV)
Lymantria dubia densovirus (LdDNYV)
Periplanata fuliginosa densovirus (PfDNV)
Pieris rapae densovirus (PrDNV)

Pseudaletia includens densovirus (PiDNV)
Sibine fusca densovirus (SfDNV)

Simulium vittatum densovirus (SvDNV)
Aedes Thai densovirus (AThDNYV)
Haemagogus equinus densovirus (HeDNV)
Toxorhynchites amboinensis densovirus (TaDNV)



Galleria mellonella densovirus
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DELTA CRYSTALLIN

Tree for the structurally <onserved regions
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RNA VIRUSES Families of Yiruses

Double-stranded RNA, nonenveloped Infecting Invertebrates
REOVIRIDAE, reoviruses
Cytoplasmic polyhedrosis virus dsRNA
BIRNAVIRIDAE, bisegmented dsRNA viruses
Birnavirus, Drosophila X virus @
Single-stranded RNA, enveloped Recurcee
RHABDOVIRIDAE, bullet-shaped viruses e
Sigmavirus, CO2 sensitivity virus
Single-stranded RNA, nonenveloped @
PICORNAVIRIDAE, picornaviruses SlmewToee
. . SO TSRS
Cricket paralysis virus
Drosphila C.Vll'llS o0 T
Gonometa virus

Infectious flacherie virus
Rhopalosiphum padi virus
CALICIVIRIDAE, caliciviruses Families of Yiruses Infecting Invertebrates
Amyelosis chronic stunt virus
Nudaurelia virus group
Nudaurelia virus
Trichoplusia RNA virus
Related viruses isolated from other Lepidoptera
NODAVIRIDAE
Nodavirus
Nodamura virus
Black beetle virus

sSRNA(-) sSRNA(+)




Species in the Genus
Cypovirus 1 (CPV-1)
Bombyx mori cypovirus 1 (BmCPV-1)
Dendrolimus spectabilis cypovirus 1 (DsCPV-1)
Lymantria dispar cypovirus 1 (LdACPV-1)
Cypovirus 2 (CPV-2)

Aglais urticae cypovirus 2 (AuCPV-2)

Agraulis vanillae cypovirus 2 (AvaCPV-2)
Arctia caja cypovirus 2 (AcCPV-2)

Arctia villica cypovirus 2 (AviCPV-2)

Boloria dia cypovirus 2 (BACPV-2)
Dasychira pudibunda cypovirus 2
Eriogaster lanestris cypovirus 2 (EICPV-2)
Hyloicus pinastri cypovirus 2 (HpCPV-2)
Inachis io cypovirus 2 (IiCPV-2)
Lacanobia oleracea cypovirus 2
Malacosoma neustria cypovirus 2
Mamestra brassicae cypovirus 2 (MbCPV-2)
Operophtera brumata cypovirus 2 (ObCPV-2)
Papilio machaon cypovirus 2 (PmCPV-2)
Phalera bucephala cypovirus 2 (PbCPV-2)
Pieris rapae cypovirus 2 (PrCPV-2)

Cypovirus 3 (CPV-3)

Anaitis plagiata cypovirus 3 (ApCPV-3)

Arctia caja cypovirus 3 (AcCPV-3)

Danaus plexippus cypovirus 3 (DpCPV-3)
Gonometa rufibrunnea cypovirus 3 (GrCPV-3)
Malacosoma neustria cypovirus 3 (MnCPV-3)
Operophtera brumata cypovirus 3 (ObCPV-3)
Phlogophera meticulosa cypovirus 3 (PmCPV-3)
Pieris rapae cypovirus 3 (PrCPV-3)

Spodoptera exempta cypovirus 3 (SexmCPV-3)
Cypovirus 4 (CPV-4)
Actias selene cypovirus 4
Antheraea mylitta cypovirus 4
Antheraea pernyi cypovirus 4

(DpCPV-2)

(LoCPV-2)
(MnCPV-2)

(AsCPV-4)
(AmCP V-4)
(ApCPV-4)

Cypovirus 5 (CPV-5)
Euxoa scandens cypovirus 5

Heliothis armigera cypovirus 5 (HaCPV-5)
Orgyia pseudosugata cypovirus 5 (OpCPV-5)
Spodoptera exempta cypovirus 5 (SexmCP V-5)
Trichoplusia ni cypovirus 5 (TnCPV-5)
Cypovirus 6 (CPV-6)

Aglais urticae cypovirus 6 (AuCPV-6)
Agrochola helvolva cypovirus 6 (AhCPV-6)
Agrochola lychnidis cypovirus 6 (AICPV-6)
Anaitis plagiata cypovirus 6 (ApCPV-6)

Anti xanthomista cypovirus 6 (AxCPV-6)
Biston betularia cypovirus 6 (BbCPV-6)
Eriogaster lanestris cypovirus 6 (EICPV-6)
Lasiocampa quercus cypovirus 6 (LqCPV-6)
Cypovirus 7 (CPV-7)

Mamestra brassicae cypovirus 7 (MbCP V-7)
Noctua pronuba cypovirus 7 (NpCPV-7)
Cypovirus 8 (CPV-8)

Abraxas grossulariata cypovirus 8 (AgCPV-8)
Heliothis armigera cypovirus 8 (HaCPV-8)
Malacosoma disstria cypovirus 8 (MdCPV-8)
Nudaurelia cytherea cypovirus 8 (NcCPV-8)

Phlogophora meticulosa cypovirus 8 (PmCPV-8)
Spodoptera exempta cypovirus 8 (SexmCP V-8)
Cypovirus 9 (CPV-9)

Agrotis segetum cypovirus 9 (AsCPV-9)
Cypovirus 10 (CPV-10)

Aporophyla lutulenta cypovirus 10 (AICPV-10)

[J04338] Seg 10 (EsCPV-5)



Cypovirus 11 (CPV-11)
Heliothis armigera cypovirus 11 (HaCPV-11)
Heliothis zea cypovirus 11 (HzCPV-11)
Lymantria dispar cypovirus 11 (LACPV-11)
Mamestra brassicae cypovirus 11 (MbCPV-11)
Pectinophora gossypiella cypovirus 11 (PgCPV-11)
Pseudaletia unipuncta cypovirus 11 (PuCPV-11)
Spodoptera exempta cypovirus 11 (SexmCPV-11
Spodoptera exigua cypovirus 11 (SexgCPV-11)
Cypovirus 12 (CPV-12)
Autographa gamma cypovirus 12 (AgCPV-12)
Mamestra brassicae cypovirus 12 (MbCPV-12)
Pieris rapae cypovirus 12 (PrCPV-12)
Spodoptera exempta cypovirus 12 (SexmCPV-12)
Cypovirus 13 (CPV-13)
Polistes hebraeus cypovirus 13 (PhCPV-13)
Cypovirus 14 (CPV-14)
Heliothis armigera cypovirus 14 (‘A’strain) (HaCPV-14)

Taxonomic Structure of the Genus

Cypoviruses are currently classified within 14 species that were initially characterised
by their distinctive dsRNA electropherotype patterns. Cross-hybridisation analyses of
dsRNA, limited comparative RNA sequence data and serological comparisons of
cypovirus proteins have confirm the validity of this classification. However, only a
few cypoviruses have been analysed in this way.



Lymantria dispar cypovirus 1 complete genome
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RNA VIRUSES Families of Yiruses

Double-stranded RNA, nonenveloped Infecting Invertebrates
REOVIRIDAE, reoviruses
Cytoplasmic polyhedrosis virus dsRNA
BIRNAVIRIDAE, bisegmented dsRNA viruses
Birnavirus, Drosophila X virus @
Single-stranded RNA, enveloped Recurcee
RHABDOVIRIDAE, bullet-shaped viruses e
Sigmavirus, CO2 sensitivity virus
Single-stranded RNA, nonenveloped @
PICORNAVIRIDAE, picornaviruses SlmewToee
. . SO TSRS
Cricket paralysis virus
Drosphila C.Vll'llS o0 T
Gonometa virus

Infectious flacherie virus
Rhopalosiphum padi virus
CALICIVIRIDAE, caliciviruses Families of Yiruses Infecting Invertebrates
Amyelosis chronic stunt virus
Nudaurelia virus group
Nudaurelia virus
Trichoplusia RNA virus
Related viruses isolated from other Lepidoptera
NODAVIRIDAE
Nodavirus
Nodamura virus
Black beetle virus

sSRNA(-) sSRNA(+)




Family  00.009. Birnaviridae

Genus 00.009.0.01. Aquabirnavirus
Genus 00.009.0.02. Avibirnavirus
Genus 00.009.0.03. Entomobirnavirus

Species, their serotypes, strains and isolates
00.009.0.03.001. Drosophila X virus [U60650] RNA-A (DXV)

Sequence analysis of the bicistronic Drosophila X virus genome segment A and its
encoded polypeptides

Tentative Species in the Genus
None reported.



Model for Drosophila antiviral response. 1, Virus enters system and infects the
cell. 2, Virus replication. 3, Lysis of infected cell, releasing internal cellular
compounds and virus. 4, Released materials activate the IMD and Toll humoral
immune pathways and cause local activation of the cellular response. 5, Global
activation of hemocytes via Toll pathway signaling. 6, Activated hemocytes signal
to the fat body enhancing Toll and IMD pathways activation. 7, Hemocytes
recognize aberrant infected cells and engulf and eliminate these cells
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RNA VIRUSES Families of Yiruses

Double-stranded RNA, nonenveloped Infecting Invertebrates
REOVIRIDAE, reoviruses
Cytoplasmic polyhedrosis virus dsRNA
BIRNAVIRIDAE, bisegmented dsRNA viruses
Birnavirus, Drosophila X virus @
Single-stranded RNA, enveloped Recurcee
RHABDOVIRIDAE, bullet-shaped viruses e
Sigmavirus, CO2 sensitivity virus
Single-stranded RNA, nonenveloped @
PICORNAVIRIDAE, picornaviruses SlmewToee
. . SO TSRS
Cricket paralysis virus
Drosphila C.Vll'llS o0 T
Gonometa virus

Infectious flacherie virus
Rhopalosiphum padi virus
CALICIVIRIDAE, caliciviruses Families of Yiruses Infecting Invertebrates
Amyelosis chronic stunt virus
Nudaurelia virus group
Nudaurelia virus
Trichoplusia RNA virus
Related viruses isolated from other Lepidoptera
NODAVIRIDAE
Nodavirus
Nodamura virus
Black beetle virus

sSRNA(-) sSRNA(+)




Science, Vol 207, Issue 4434, 989-991
Copyright © 1980 by American Association for the Advancement of Science

ARTICLES

Carbon dioxide sensitivity in mosquitoes infected with
sigma, vesicular stomatitis, and other rhabdoviruses

L Rosen

Carbon dioxide, usually an innocuous narcotic for insects, kills mosquitoes
infected with rhabdoviruses. Such toxicity was originally observed in
Drosophila harboring a hereditary virus, sigma, and has been considered
unique to Drosophila. The new findings support the possibility that insects
with piercing and sucking mouthparts harbor similar hereditary viruses and
transmit some of them to vertebrates or plants.
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RNA VIRUSES
Double-stranded RNA, nonenveloped
REOVIRIDAE, reoviruses
Cytoplasmic polyhedrosis virus
BIRNAVIRIDAE, bisegmented dsRNA viruses
Birnavirus, Drosophila X virus
Single-stranded RNA, enveloped
RHABDOVIRIDAE, bullet-shaped viruses
Sigmavirus, CO2 sensitivity virus
Single-stranded RNA, nonenveloped
PICORNAVIRIDAE, picornaviruses
Cricket paralysis virus
Drosphila C virus
Gonometa virus
Infectious flacherie virus
Rhopalosiphum padi virus
CALICIVIRIDAE, caliciviruses
Amyelosis chronic stunt virus
Nudaurelia virus group
Nudaurelia virus
Trichoplusia RNA virus
Related viruses isolated from other Lepidoptera
NODAVIRIDAE
Nodavirus
Nodamura virus
Black beetle virus
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List of Invertebrate Picorna Viruses -listed by N.J. Knowles

Viruses isolated from Orthoptera ([E#H : 24 1 ¥)

Cricket paralysis virus (CrPV) field crickets, Teleogryllus oceanicus and T. commodus
Reinganum et al., 1970
Viruses isolated from Diptera (OPU#H : 4 - 1)

Drosophila C virus (DCV) Fruit fly, Drosophila melanogaster Jousset et al., 1972
Drosophila P virus (DPV) Fruit fly, Drosophila melanogaster

Plus and Duthoit, 1969; Tenniges and Plus, 1972
Drosophila A virus (DAV) Fruit fly, Drosophila melanogaster ?

Queensland fruit fly virus (QFFV) Fruit fly Dacus tryoni Bashiruddin et al., 1988
Aedes taeniorhynchus virus ? Mosquito, Aedes taeniorhynchus Wagner et al., 1974
Kawino virus (KV) mosquito, Mansonia uniformis Pudney et al., 1978

Viruses isolated from Lepidoptera (8@ H : a7 - 4)

Gonometa virus ? caterpillar, Gonometa podocarpi Harrap et al., 1966
Infectious flacherie virus (IFV) silkworm, Bombyx mori Kawase et al., 1980
Latoia viridissima virus ? oil palm pest, Latoia viridissima Fediere et al., 1990

Pectinophora gossypiella virus (PgV) cotton pink bollworm, Pectinophora gossypiella
Monsarrat et al., 1995
Perina nuda picornavirus (PnPV) Ficus transparent wing moth, Lymantriidae Perina nuda
Wang et al., 1999



Viruses isolated from Hymenoptera (J#H : N F)

Bee slow paralysis virus (BSPV) honey bee, Apis mellifera Bailey and Woods, 1974
Bee acute paralysis virus (BAPV) honey bee, Apis mellifera Bailey et al., 1963

bee virus X (BVX) honey bee, Apis mellifera Bailey and Woods, 1974
sacbrood virus (SBV) honey bee, Apis mellifera Bailey et al., 1964

Thai sacbrood virus ? Eastern hive bee, Apis cerana Bailey et al., 1982
Egypt bee virus (EBV) honey bee, Apis mellifera Bailey et al., 1979
Kashmir bee virus (KBV) Eastern hive bee, Apis cerana Bailey et al., 1979
South Australia Kashmir bee virus ? honey bee, Apis mellifera Bailey et al., 1979

black queen-cell virus (BQCV) honey bee, Apis mellifera Bailey and Woods, 1977

Viruses isolated from Hemiptera  (CFHE @ 77543 - AXLY)

Rhopalosiphum padi virus (RhPV) Oat bird cherry aphid, Rhopalosiphum padi

D'Arcy et al., 1981
aphid lethal paralysis virus (ALPV) Oat bird cherry aphid, Rhopalosiphum padi

Williamson et al., 1988
Acyrthosiphon pisum virus (APV) pea aphid, Acyrthosiphon pisum

van den Heuvel et al., 1997; van der Wilk et al., 1997

Triatoma virus (TrV) Kissing bug, Triatoma infestans Muscio et al., 1987, 1988
Plautia stali intestine virus (PSIV) Brown-winged green bug, Plautia stali Nakashima et al., 1998

Viruses isolated from Isoptera (F#H : > na7VY)
termite paralysis virus (TPV) Termite Gibbs et al.,
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Picorna-like viruses of invertebrates

FAMILY I:

Cricket paralysis virus (CrPV) CG 9185 AF218039 Wilson et al., 2000
Drosophila C virus  (DCV) EB CG 9264 AF014388 Johnson and Christian,
1998

Plautia stali intestine virus (PSIV) CG 8797 AB006531 Sasaki et al., 1998
Rhopalosiphum padi virus (RhPV) CG 10011 AF022937 Moon et al., 1998
Himetobi P virus (HiPV) CG 9275 AB017037 Nakashima et al., 1999
South African CG 8550 AF183905 Leat et al., 2000

Triatoma virus (TrV) CG 9010 AF178440 Czibener et al., 2000

Taura syndrome virus (TSV) capsid-coding region 3278 AF277378 Robles-Sikisaka et al., 2001
FAMILY 2:

Acyrthosiphon pisum virus (APV) CG 10035 AF024514 van der Wilk et al., 1997
FAMILY 3:

Infectious flacherie virus (IFV) CG 9650 AB000906 Isawa et al., 1998
Sacbrood virus (SBV) Rothamstead CG 8832 AF(092924 Ghosh et al., 1999

CG = complete genome; (p) = partial gene sequence;
N/A = not available on the EMBL/GenBank/DDBJ databases



Unclassified small spherical RNA viruses
Arkansas bee virus
Bee acute paralysis virus
Bee chronic paralysis virus associate
Bee slow paralysis virus
Bee virus X
Bee virus Y
Black queen cell virus
Cloudy wing virus
Crystalline array virus
Drosophila A virus
Drosophila P virus
Kashmir bee virus
Kelp fly virus
Sacbrood virus

Unclassified small ovoid RNA viruses
Bee chronic paralysis virus
Drosophila RS virus

OTHER UNCLASSIFIED VIRUSES
Rod-shaped, enveloped
Cricket macronucleosis virus
Hypera virus
Long flexuous rod, enveloped
Bee filamentous virus

APV
ArkBV
BQCV
BVX
BVY
CBPV
CwWV
DWV
EBV
FBV
JEBV

SBV
SPV

Acute Paralysis Virus
Arkansas Bee Virus

Black Queen Cell Virus
Bee Virus X

Bee Virus Y

Chronic Bee Paralysis Virus
Cloudy Wing Virus
Deform Wing Virus

Egypt Bee Virus
Filamentous Virus

Japon strain of Egypt Virus
Kashmir Bee Virus
Sacbrood Bee Virus

Slow Paralysis Virus



Drosophila (3 2 7 ¥ 2 7/NT)DRNAY A )L A

Drosophila ananassae Tom virus (DanTomV) Metaviridae
Drosophila C virus (DCV) "CrPV-like viruses"

Drosophila F virus (DFV) Reoviridae

Drosophila line virus (DLV) Nodaviridae

Drosophila melanogaster 17.6 virus (Dmel76V) Metaviridae
Drosophila melanogaster 173 1virus (Dmel731V) Pseudoviridae
Drosophila melanogaster 297 virus (Dme297V) Metaviridae
Drosophila melanogaster 412 virus (Dme412V) Metaviridae
Drosophila melanogaster copia virus (DmeCopV) Pseudoviridae
Drosophilamelanogaster gypsy virus (DmeGypV) Metaviridae
Drosophila melanogaster mdglvirus (DmeMdgl1V) Metaviridae
Drosophila melanogaster mdg4 virus (DmeMdg4V) Metaviridae
Drosophila melanogaster micropia virus (DmeMicV) Metaviridae
Drosophila P virus (DPV) Unassigned

Drosophila S virus (DSV) Reoviridae

Drosophila virilis Ulysses virus (DviUIV) Metaviridae
Drosophila X virus (DXV) Birnaviridae

Drosophilia A virus (DAV) Unassigned



