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Abstract 

Changes in the classification of invertebrate iridoviruses (IVs) (Iridoviridae) have re- 
cently been proposed (Williams and Gory, 1994). The previous system of naming isolates 
according to the host and sequence of discovery (IV type 1, IV2, IV3, etc.) is not adequate 
for the purposes of taxonomy, since iridovirus isolates may infect many species, including 
hosts from diverse invertebrate orders. The new system of invertebrate iridovirus nomencla- 
ture, as with several other virus families, is based on geographical origin. Proposals have 
been made, based on DNA hybridization and other characteristics, by which invertebrate 
iridovirus isolates can be assigned to one of four recognized compIexes, or considered as 
candidates for alternative assignations. This study reports comparative data on the DNA of 
14 invertebrate iridovirus isolates used in the Williams and Cory study plus the two type 
vertebrate iridoviruses, frog virus 3 and flounder lymphocystis disease virus. DNA studies 
support the validity of assigning several isolates a axon name and of grouping the known 
isolates into four complexes. The detection of such complexes is in broad agreement with 
previous serological studies. A previously undescribed isolate (San Miguel IV) obtained 
from the lepidopteran pest Anticursia gemmatah (Lep.: Noctuidae) has been initially 
characterized following the procedures recommended by Williams and Cory. DNA hy- 
bridization and Southern blot analysis identified this isolate as a new member of the 
Pol~ido~~s complex. The San Miguel IV MSP gene was identified and a central fragment 
of ca. 719 bp was recovered by PCR amplification. The restriction endonuciease profiles 
(5 enzymes) of this isolate were distinct from others previously described. 
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1. Introduction 

Until recently, the inter-relationships among invertebrate iridescent viruses 
(IVs) were obscure. The paucity of comparative data amongst an increasing 
number of IV isolates was partly due to a decline of interest in IVs as candidate 
insect biocontrol agents in the 196Os/197Os. This was followed by a dramatic 
increase in the molecular techniques for characterization that are now routine. 
Most reports of invertebrate IV’s have comprised a record of the host species, a 
description of icosahedral particles of some 130 nm diameter, a mention of the 
spectacular opalescent hues which result from the superabundance of virus parti- 
cles in infected tissues, and often an estimate of the incidence of infection in the 
local host population; which is usually extremely low. A growing number of these 
records prompted Tinsley and Kelly (1971) to propose a numerical system of 
nomenclature in which isolates were sequentially allocated numbers and host 
species descriptions, e.g., Tipulu puludosa iridescent virus type 1. However, this 
system is not useful for the purposes of taxonomy since serologically identical 
strains of virus have been isolated from different hosts and allocated different 
numbers. 

Recently, the classification and nomenclature of iridescent viruses has been 
revised to account for genetic and serological relationships among invertebrate IVs 
(Williams and Cory, 1994). The invertebrate isolates were allocated to four distinct 
hybridization groups (Fig. 1). Three of these complexes lie within the Iridovims 
genus. The largest group, the Polyiridovirus complex, contains Plowden IV (origi- 
nally isolated from Tip& paludosu, previously IVl), and 8 related isolates from 
diverse host species. The other complexes; Oligoiridovirus and Crustaceoiridovirus, 
have fewer members. The genus Chloriridovirus contains one member, Vero Beach 
IV, from the mosquito Aedes tueniorhynchus. This system of classification is in 
broad agreement with the serological studies (summarized by Kelly et al., 1979), in 
which a large group of 11 inter-related isolates was described, and an additional 3 
isolates were described as having intermediate (Fort Collins IV [IV29]) or low 
(Dazaifu IV [IV6], and Srinagar IV [IV24]) serological relatedness to the main 
group. 

A comparatively large number of isolates, especially from mosquitoes, remain to 
be characterized (Table 1). Prior to the study of Williams and Cory (1994), only 11 
out of the 68 IV isolates reported had genomic data available (restriction fragment 
profiles, etc.), while a further 7 isolates had some degree of serological characteri- 
zation. In general, the iridescent viruses have had only curiosity value, and with the 
passage of time, many isolates have been lost. However, recent studies have 
indicated that IV-host relationships may be far more interesting than previously 
supposed (Williams, 1993; Williams et al., 1994). 

All iridovirus genomes investigated to date display circular permutation and 
terminal redundancy, which implies that viral DNA is cleaved after packaging into 
the virion; in much the same way as the ‘headful’ mechanism seen in bacterio- 
phages (Goorha, 1982). Reflecting this, the Dazaifu IV genome has at least six 
origins of replication identified to date (Handermann et al., 1992). The vertebrate 
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Fig. 1. New classification of invertebrate iridoviruses as proposed by Williams and Cory (1994). Isolates 
are named according to geographical origin, and assigned to one of four hybridization complexes. 

iridoviruses, Frog Virus 3 (FV3) and Flounder Lymphocystis Disease Virus 
(FLCDV), have genomes that are highly methylated at cytosine residues and 
which, at least in FV3, appear to depend on the presence of a viral encoded 
tram-acting protein to assist in transcription by host RNA polymerase (Willis et 
al., 1990). Fortunately, the common occurrence of a major structural protein 
among all the members of the Iridoviridae has provided a useful genetic marker 
and conserved feature for comparative studies (Schnitzler and Darai, 1993). 

This study is complementary to, and in support of, the study of Williams and 
Cory (1994), in which the new system of invertebrate iridovirus classification was 
proposed. Comparative data are presented on 14 invertebrate iridescent viruses 
from major insect and crustacean orders. The two type vertebrate viruses: FLCDV 
and FV3 were also included. Genomic characterization and Southern blot analysis 
using an iridovirus-specific gene probe was used to demonstrate the validity of the 
new classification system. In addition, a previously undescribed isolate from 
Anticarsiu gemmatulis (herein named San Miguel IV) has been initially character- 
ized following the recommendations given in the new classification. All nomencla- 
ture uses the new classification, but virus isolate numbers (IVl, IV2 etc.) are 
included where this improves clarity. 
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Invertebrate iridovirus isolates for which genetic or detailed serological characterization data are not 
available 

Host species Reference 

Insecta: Diptera 
Aedes annulipes 
Aedes cantans 
Aedes cantans 
Aedes cantans 
Aedes caspius caspius 
Aedes detritus 
Aedes detritus 
Aedes dorsalis 
Aedes fluvus pallens 
Aedes punctor 
Aedes solicitans 
Aedes sticticus 
Aedes stimulans 
Aedes vexans 
Bezzia pygmaea 
Chironomus plumosus 
Corethrella brake& 
Culex territans 
Culex territans 
Culicoides sp. 
Culicoides clastrieri 
Culicoides cubitalis 
Culicoides odibilis 
Culiseta annulata 
Dixid sp. 
Prosimulium sp. 
Psorophora columbiae (confinnis~ 
Psorophora ferox 
Psorophora horrida 
Psorophora mathesoni fvaripes) 
Simulium callidum 
Simulium earlei 
Simulium neornatipes 
Simulium ornatum 
Simulium rubicundulum 
Other insect orders 
Acrolophus sp. (Lepidoptera) 
Phyllophaga anxia (Coloeptera) 
Pterostichus mad&s (Coleoptera) 
Ephemoptera sp. (Trichoptera) 
Formica lugubris (Hymenoptera) 
Scapteriscus borellii (Orthoptera) 
Crustacean orders 
Simocephalus expinosus (Cladocerca) 
Armadillidium vulgare (Isopoda) 
Porcellio scaber (Isopoda) 
Porcellio laevis (Isopoda) 

Weiser, 1965 
Weiser, 1965 
Tinsley et al., 1971 
Popelkova, 1982 
Torybaev, 1970 
Hassan et al., 1970 
Vago et al., 1969 
Chapman et al., 1966 
Chapman et al., 1966 
Weiser and Zizka, 1985 
Becnel and Fukuda, 1989 
Chapman et al., 1969 
Anderson, 1970 
Chapman et al., 1966 
Rieb et al., 1982 
Stoltz et al., 1968 
Chapman et al., 1971 
Buchatsky, 1977 
Fedorova, 1986 
Chapman et al., 1968 
Rieb et al., 1982 
Rieh et al., 1982 
Rieb et al., 1982 
Buchatsky, 1977 
Fedorova, 1986 
Avery and Bauer, 1983 
Chapman, 1974 
Chapman et al., 1966 
Chapman et al., 1969 
Chapman et al., 1969 
Takoaka, 1980 
Takoaka, 1980 
Batson, 1986 
Weiser, 1968 
Takoaka, 1980 

Federici, 1984 
Poprawski and Yule, 1990 
Robertson (unpublished) 
Federici (unpublished) 
Steiger et al., 1969 
Fowler, 1989 

Federici and Hazard, 1975 
Poinar et al., 1985 
Poinar et al., 1985 
Grosholz, 1992 
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Table 1 (continued) 

Host species 

Macropipus depurator (Decapoda) 
Protrachypene precipua (Decapoda) 
Other Phyla 
Thawnamermis cosgrouei (Nematoda) 
Octopus uulgati (Gastropoda) 

Reference 

Montanie et al., 1993 
Lightner and Redman, 1993 

Poinar et al., 1980 
Runnger et al., 1971 

2. Materials and methods 

All the procedures follow those given in Williams and Gory (1994). Iridovirus 
isolates were obtained from sources worldwide (Table 2) and were selected to be 
representative of a broad range of insect hosts and to include each of the 
recognized IV genera: Zridouims, Chloriridovirus, Rarzavints and Lymphocystivirus. 
The majority of invertebrate iridoviruses were amplified in Galleria mellonella 
wherever possible, and purified by centrifugation to semi-pure suspensions prior to 
DNA extraction. Standard phenol-chloroform and dialysis protocols were used to 
extract DNA from virus particles following treatment with Proteinase K and SDS. 
DNAs were stored at -20°C until use. 

2.1. REN characterization 

The fidelity of all material amptified in G. mellonella was checked by compari- 
son of original and amplified material restriction profiles following digestion with 
IiindIII and electrophoresis in 0.6% agarose in TBE buffer containing ethidium 
bromide. Likewise, isolates were characterized by treatment with EcoRI or Sal1 
followed by electrophoresis as above. An iridovirus isolate from Anticarsia gem- 
matalis (Sieburth and Camer, 1987; now named San Miguel IV) which had not 
been included in the study of Williams and Gory (1994) was characterized by 
treatment with NiladIII, EcoRI, BarnHI, Asp718 and PftI, Sizes of restriction 
fragments were estimated using the program MolMatch (Glasgow University), 
which also generated coefficients of similarity for pairwise comparisons of restric- 
tion profiles. 

2.2. Southern blot analysis 

After photography, gels were denatured, neutralized and blotted overnight onto 
a Hybond membrane (Arnersham Ltd). Blots were baked at 80°C for 2 h followed 
by prehybridization at 37°C in 50% formamide, 50% hybridization buffer (50 mM 
HEPES, 0.02% Ficoll 400, 0.02% BSA, 0.02% PVP, 0.1% SDS> for 4 h. A SaEI 
fragment containing 91% of the Aberystwyth IV (IV221 major structural protein 
(MSP) gene (Cameron 1990) was radiolabelled by nick translation to high specific 
activity and used to probe the blot overnight at the conditions described above. 
Blots were washed in 2 X SSC at room temperature and twice at 60°C (each for 1 
h) before autoradiography. Blots were then stripped using 0.4 M NaOH at 45°C for 
30 min, washed twice in 200 mM Tris-HCl (pH 7.0), 0.1 X SSC, 0.1% SDS, and 
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prehybridized and hybridized as before but at a lower stringency: 20% formam 
37°C followed by washes at 40°C. 

2.3. Additional characterization of the San Miguel IV 

Dot blot hybridization against DNA from each of the three iridovirus hybrid 
tion groups: Plowden and Aberystwyth IV (Polyiridovirus complex) Dazaifu 
(Oligoiridovirus complex) and Riverside IV (Crustaceoiridovirus complex) 

(4 
1 2 3 6 9101821222428293031; 2 

kbp 

-23.1 

-14.1 
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-5.1 
-4.4 
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-0.8 

ide, 

IV 
was 

Fig. 2. (a) REN profiles in 0.6% agarose for iridescent virus DNA following digestion by EcoRI (sizes 
in kbp). Lanes are number according to the original type numbers given in Table 2. 
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performed. Dots of 100 ng DNA, replicated 5 times, were probed with San Miguel 
IV DNA radiolabelled with 32P by nick translation. The hybridization conditions 
were: 37°C in 40% formamide, 60% hybridization buffer (above) followed by 
critical washes in 2 X SSC at 55°C. Salmon sperm DNA was used as a control for 
non-specific binding. Dots were counted for 3 min in a scintillation counter and 
the results used to calculate hybridization relative to homologous DNA after 
correction for background. 

The ability of PCR primer sequences targeted at the MSP gene, to recognize 
and successfully amplify the MSP gene region of the isolate from San Miguel IV 
was also tested under cycling conditions of high stringency. The forward primer 
was designed to hybridize at base numbers 733-753 (5’ GGCGGCC- 
CAACAGCAACAGC) and the reverse primer (5’ GGCACAACCCATTCTAC- 

03 o> 
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Fig. 2 (b) Southern blot of EcoRI gel probed at high stringency (50% formamide, 37°C) with 
Aberystwyth IV (previously IV22) MSP gene fragment. Weak bands are highlighted by arrowheads for 
clarity. 



GACG) to the complement of bases 1452-1431 of the Aberystwyth IV MSP gene 
sequence (Cameron 1990). The amplification program involved 40 cycles all 
consisting of: 95°C for 1 min, 60°C for 1 min and 72°C for 30 s. The PCR product 
was subject to digestion by XhoI for which a cleavage site exists two-thirds along 
the length of the gene sequence of the Plowden and Aberystwyth isolates. 

3. Results 

3.1. REN character&a tion 

The REN analysis (Table 2) was consistent with the results of Williams and 
Gory (1994). It was not possible to size accurately in some cases from the Sal1 gel, 
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Fig. 2 (c) As above, but reprobed at low stringency (20% formamide, 37°C). The affinity of the Dazaifu 
IV (IV@ and Ntondwe IV (IV21 and IV281 isolates for the probe are evident only at low stringency. 



108 T. Williams / Wus Research 33 (1994) 99-121 
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Fig. 3. (a) REN profiles in 0.6% agarose for iridescent virus DNA following digestion by Sal1 (sizes in 
kbp). Lanes are number according to the original type numbers given in Table 2. 

or from the EcoRI gel in the case of Vero Beach (previously IV31 and FV3. The 
similarities among the Nelson IV isolates (IV9, IV10 and IV181 and between the 
Ntondwe IV isolates (IV21 and IV281 were apparent in both EcoRI (Fig. 2a) and 
MI (Fig. 3a) gels. In general, isolates displayed the greatest diversity in the 
number of Sal1 restriction sites; which were numerous in Vero Beach (IV31 or 
Plowden IV (IVl), but appeared completely absent in Fort Collins (IV291 and 
FLCDV for example. Genome sizes were consistent with published values, with 
the exception of Vero Beach IV (IV31 estimated as 160 kbp using &z/I, but which 
was previously reported to have an exceptionally large genome of 383kbp (Wagner 
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Fig. 3 (b) Southern blot of Sal1 gel probed at high stringency (50% formamide, 37°C) with Aberystwyth 
IV (previously IV22) MSP gene fragment. Weak bands are highlighted by arrowheads for clarity. 

and Paschke, 1977). The coefficients of similarity between isolates from the EcoRI 
digest were: IV9 : IV10 88.5%, IV9: IV18 82.1%, IV10 : IV18 91.5%, IVlO: IV28 
69.1%, IVlO: IV31 67.8%, IV21 : IV28 92%, IV22: IV28 68.9%, and from the Sal1 
digest were: IV9 : IV10 76.5%, IV9 : IV18 77.8%. These coefficients of similarity 
(Dice coefficients) reinforced the apparent similarities among the Nelson IV and 
Ntondwe IV isolates, but also suggested relationships between more distant 
isolates such as Nelson and Riverside IVs (IV10 and IV31), for example, in the 
EcoRI digests. This highlights the importance of using Dice coefficients derived 
from a range of restriction enzymes (Grothues and Tiimmler, 1991). The mean 
genome size of the San Miguel IV isolate, calculated from restriction fragment 
sizes, was 176.3 kbp (Fig. 4a, Table 2). Dice coefficients derived from REN profiles 
from this study and those published by Williams and Cory (1994) indicated no 
apparent similarity between the San Miguel IV isolate and any other. San Miguel 
IV : Tia IV (IV2) values were 67.4% for Hind111 and < 66% for all other profile 
comparisons. 
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Fig. 4. (a) REN profiles in 0.6% agarose for San Miguel IV DNA following digestion by HindUI( 
EcoRI(E), BarnHI( &718(A) or PstI(P) (sizes in kbp). (b) Southern blot of this gel probed at high 
stringency (50% formamide, 37°C) with Abelystwyth IV (previously IV22) MSP gene fragment. Weak 
bands are highlighted by arrowheads for clarity. 

3.2. Southern blot analysis 

The Aberystwyth IV MSP gene probe showed consistent hybridization among 
blots (Figs. 2b and 3b). The Nelson IV isolates (IV9, IVlO, IV18) had virtually 
identical fragments hybridizing to this probe at high stringency; as did the Ntondwe 
IV isolates (IV21 and IV28) at low stringency. Dazaifu IV (IV6) showed similar 
behaviour to the Ntondwe IV isolates in the location and strength of the hybridiza- 
tion response to this gene probe. Similarities between Fort Collins IV (IV29) and 
Stoneville IV (IV30) were also apparent in the size of the REN fragments with 
affinity to the MSP gene. Vero Beach IV (IV31 showed very weak hybridization to 
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a 5.6kb Sal1 fragment (highlighted in Fig. 3b), but did not produce an observable 
response in the EcoRI blot at either stringency. The San Miguel IV isolate showed 
a clear affinity for the probe at high stringency, across all REN digests (Fig. 4b). 
Neither of the vertebrate isolates, FV3 and FLCDV, showed any affinity for the 
probe. The Sal1 blot did not produce consistent results when probed at low 
stringency and so is not included here. 

3.3. Additional characterization of the San Miguel ZVisolate 

The San Miguel IV isolate hybridized solely to members of the Polyiridovirus 
complex. Relative dot-blot hybridization values recorded were: 16% for Plowden 
IV (IVl), 12% for Aberystwyth IV, and < 0.2% for Dazaifu IV (IV6), and 
Riverside IV (IV31) at the intermediate stringency used, after correction for 
background hybridization. 

This isolate was recognized by the oligonucleotide primers derived from the 
Aberystwyth IV MSP gene sequence (Cameron 1990), and a product virtually 
identical in size to the Aberystwyth IV product (i.e., 719bp) was detected. How- 
ever, unlike the Aberystwyth and Plowden isolates, the amplicon was not cleaved 
by XhoI. 

4. Discussion 

The data presented here have illustrated the relationships among a broad range 
of IV isolates spanning all the genera of the Iridoviridae currently recognized. The 
observed affinities for the MSP gene probe in the Southern blots analysis sup- 
ported the findings of Williams and Cory (1994), who detected distinct hybridiza- 
tion groups within the Zridovims genus. The grouping of the Nelson IV isolates 
(IV9, IV10 and IV18) under a common name was supported by the REN analysis, 
Dice coefficients and Southern blot results of this study; likewise for the Ntondwe 
IV isolates (IV21 and IV28). The remaining isolates were distinct from one 
another. Southern blot analysis was consistent with the observation of discrete 
hybridization complexes, inasmuch as isolates showed a high (Polyiridovirus com- 
plex), low (Oligoiridovirus complex), or no apparent affinity (Crustaceoiridovirus 
complex) to the Aberystwyth IV MSP gene probe. 

The results of this study were generally consistent with previous serological 
studies (e.g., Glitz et al., 1968; Fowler and Robertson 1972; Kalmakoff et al., 1972; 
Elliott et al., 1977; Carey et al., 1978; Kelly et al., 1979; Cole and Morris, 1980) 
The only differences to the serological studies relate to Dazaifu IV (IV6) and 
Srinagar IV (IV24), both of which were previously described as unrelated to other 
isolates (Bailey et al., 1976; Kelly et al., 1979). However, the Ntondwe IV isolates 
(IV21 and IV28) appeared related to Dazaifu IV (IV6), whereas Srinagar IV 
(IV24) showed clear affinities to the large Polyiridovirus complex (see also Williams 
and Cory, 1994). 

The vertebrate iridoviruses, FV3 and FLCDV showed no DNA similarities to 
any of the invertebrate IVs. These vertebrate isolates were consistently negative in 
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all the tests performed, even the low stringency EcoRI Southern blot. They 
therefore maintain their previous status as distinct and separate genera within the 
Iridoviridae. 

As shown by this and previous studies, iridoviruses naturally infect across host 
taxa, e.g., Lepidoptera and Coleoptera by Nelson IV, Lepidoptera and Hemiptera 
by Ntondwe IV, Crustacea and Nematoda by Riverside IV (Poinar et al., 1980). 
This has highlighted the inherent deficiencies of basing the nomenclature of the 
virus upon the host which can lead to much confusion, as is currently seen in the 
Baculoviridae. The use of geographical descriptors has precedence in a number of 
other virus families and, if adopted by other workers in iridoviruses, should 
prevent the problems of virus nomenclature seen elsewhere. 

Recently, Stohwasser et al. (1993) used PCR techniques directed at highly 
conserved areas within the Aberystwyth IV and Plowden IV MSP genes to locate 
and characterize the homologous Dazaifu IV (IV6) gene. They identified two 
EcoRI fragments: X (2.85 kbp) and Q (5.9 kbp) as hybridizing to an RNA 
transcript of the gene. In the present study, only the X fragment hybridized 
strongly to the gene probe (at low stringency) (Table 3); presumably because 
approximately half of the 251 upstream bases in the Q fragment are not present on 
the Aberystwyth IV Sal1 fragment which constituted the probe. 

The MSP gene codes for a protein of ca. 50K, ubiquitous among the Iridoviri- 
dae. This gene has considerable value as a marker by which to orientate the 
circularly permutated genome characteristic of iridoviruses, and as a common gene 
for comparative investigations. The overall levels of DNA sequence identity to the 
Aberystwyth IV MSP gene are very similar for FLCDV and Dazaifu IV at 69.3% 
and 73.4% respectively. However, Dazaifu IV (IV6) hybridized to the gene probe, 
whereas FLCDV did not. This may be due to the length of the continuous base 
homology which is located more closely together for Dazaifu but dispersed over 
the entire gene in FLCDV. In addition, Schnitzler and Darai (1993) recently 
compared the deduced MSP amino acid sequences of Dazaifu IV, Aberystwyth IV, 
and Plowden IV with that of FLCDV. They reported overall amino acid 
identity/similarity values of 53%/29.5% for Dazaifu IV, 50.3%/33.8% for Plow- 
den IV and 49.1%/34.2% for Aberystwyth IV when compared to the homologous 
FLCDV sequence. A diversity of other genes are now being identified from 
Dazaifu IV, including a putative helicase gene (Sonntag et al., 1994a, 1994b), zinc 
finger proteins, a non-histone chromosomal protein, and a polypeptide similar to 
GTP phosphohydrolase which is a known bacterial antimutator (Schnitzler et al., 
1994). 

The previously uncharacterized iridovirus isolate (San Miguel IV) from the Soya 
pest Antica& gemmatulis (Lep. Noctuidae) was found to be a new member of the 
Polyiridovirus complex by hybridization. This isolate, was distinct from previously 
described isolates in terms of restriction profiles and location of the MSP gene 
fragments. Originally from Tucuman province, Argentina (C.B. Moore pers. 
comm.), the isolate has been given the name San Miguel IV, this being the major 
town of the province, following the naming procedures of the new classification 
(Williams and Cory, 1994). It is one of a handful of IV isolates which have been 
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found to induce epizootics of patent (lethal) infection in the host population. This 
brings to a total of ten, the number of isolates confirmed as belonging within the 
Polyiridovirus complex. 

A great number of iridovirus isolates have not been characterized (Table 1) but 
iridovirus isolates for which genetic information is available are from: Simulium 
vittutum (Dipteral (Erlandson and Mason, 19901, and Scupterixus aclectus (Ortho- 
ptera) (Boucias et al., 1987). An isolate from Nereis diversicolor (Annelida) 
(Devauchelle, 1977) has been subject to detailed physical characterization. These 
isolates have yet to be assigned to complexes. This study further demonstrated the 
validity of the new system of classification for invertebrate iridoviruses, and 
showed how a novel isolate can be readily characterized and assigned to an 
iridovirus complex within the new system. 

Acknowledgements 

I am deeply grateful to the people who donated the material which made this 
study possible: Mark Allen, Anne-Marie Aubertin, Susan Avery, Martin Ayres, 
Brenda Ball, Peter Christian, Gholamreza Darai, Brian Federici, Rakesh Goorha, 
Barry Hill, Gary Kinard, Nigel McMillan, and Clyde Moore. I thank Chris Hatton 
for photography and Tim Catty for the Galleria supply. Jenny Cory and David 
Bishop provided helpful comments on the manuscript. 

References 

Anderson, J.F. (1970) An iridescent virus infecting the mosquito Aedes stimulans. J. Invertebr. Pathol. 
15, 219-224. 

Avery, S.W. and Bauer, L. (19831 Iridescent virus from Prosimulium collected in Maine. J. Invertebr. 
Pathol. 43, 430-431. 

Bailey, L., Ball, B.V. and Woods, R.D. (19761 An iridovirus from bees. J. Gen. Virol. 31, 459-461. 
Becnel, J.J. and Fukuda, T (1989) Natural occurrence of a mosquito iridescent virus in Aedes solicitans. 

J. Am. Mosquito Contr. Assn. 5, 610-611. 
Batson B.S., Johnston, M.R.L., Arnold, M.K. and Kelly, DC. (19761 An iridescent virus from Simulium 

sp. (Diptera; Simuliidael in Wales. J. Invertebr. Pathol. 27, 133-135. 
Boucias, D.G., Maruniak, J.E. and Pendland, J.C. (19871 Characterization of an iridovirus isolated from 

the southern mole cricket, Scapteriscus vicinus. J. Invertebr. Pathol. 50, 238-245. 
Buchatsky, L.P. (19771 An iridovirus from larvae of C&eta annulata and C&x territans. Acta Virol. 

21, 85-86. 
Cameron, I.R. (1990). Identification and characterization of the gene encoding the major structural 

protein of insect iridescent virus type 22. Virology 178, 35-42. 
Carey, G.P., Lescott, T., Robertson, J.S., Spencer, L.K. and Kelly, DC. (19781 Three African isolates of 

small iridescent viruses. Virology 85, 307-309. 
Chapman, H.C., Clark, T.B., Woodard, D.B. and Kellen, W.R. (1966) Additional mosquito hosts of the 

mosquito iridescent virus. J. Invertebr. Pathol. 8, 545-546. 
Chapman, H.C., Petersen, J.J., Woodard, D.B. and Clark, T.B. (19681 New records of parasites of 

Ceratopoginidae. Mosquito News 28, 122-123. 



120 T. Williams / k5u.s Research 33 (1994) 99-121 

Chapman, H.C., Clark, T.B., Petersen, J.J. and Woodard, D.B. (1969) A two-year survey of pathogens 
and parasites of Culicidae, Chaboridae and Ceratopogonidae in Louisiana. Proc. 56th Ann. meeting 
NJ Mosquito Exterm. Assn. 203-212. 

Chapman, H.C., Clark, T.B., Anthony, D.W. and Glenn, F.E. (1971) An iridescent virus from larvae of 
Corethrella brake& (Diptera: Chaboridae) in Louisiana. J. Invertebr. Pathol. 18, 284-286. 

Chapman, H.C. (1974) Biological control of mosquito larvae. Ann. Rev. Entomol. 19, 33-59. 
Cole, A. and Morris, T.J. (1980) A new iridovirus of two species of terrestrial isopods, Armadillidium 

vulgare and Porcellio scaber. Intervirology 14, 21-30. 
Devauchelle, G. (1977) Ultrastructural characterization of an iridovirus from the marine worm, Nereis 

diversicolor (O.F. Miiller). Virology 81, 237-247. 
Elliott, R.M., Lescott, T. and Kelly, D.C. (1977) Serological relationships of iridescent virus type 25. 

Virology 81, 309-316. 
Erlandson, M.A. and Mason, P.G. (1990) An iridescent virus from Simulium vitfatum (Diptera: 

Simuliidae) in Saskatchewan. J. Invertebr. Pathol. 56, 8-14. 
Federici, B.A. (1984). Diseases of terrestrial isopods. Symp. Zool. Sot. Lond. 53, 233-245. 
Federici, B.A. and Hazard, E.I. (1975) Iridovirus and cytoplasmic polyhedrosis virus diseases in the 

freshwater daphnid, Simocephalus expinosus. Nature 254, 327-328. 
Fedorova, V.G. (1986) Finding larvae of C&x terrifans Walk and Dixidae infected with iridovirus in the 

forest zone of Novgorod Province. Most. J. Parasitol. 1986, Isssue 3, (May-June), 86-87. 
Fowler, H.G. (1989) An epizootic iridovirus of Orthoptera (Gryllotalpidae: Scaptericus borellii) and its 

pathogenicity to termites (Isoptera: Cryptotermes). Revista. Microbial. 20, 115-120. 
Fowler, M. and Robertson, J. (1972) Iridescent virus infection in field populations of Wiseana cervinata 

(Lep. Hepialidae) and Witlesia sp. (Lep. Pyralidae) in New Zealand. J. Invertebr. Pathol. 19, 
154-157. 

Glitz, D.G., Hills, G.J. and Rivers, C.F. (1968) A comparison of the Tipula and Sericesthb iridescent 
viruses. J. Gen. Virol. 3, 209-220. 

Goorha, R. (1982) Frog virus 3 replication occurs in two stages. J. Virol. 43, 519-528. 
Grosholz, E.D. (1992) Interactions of intraspecific, interspecific and apparent competition with host- 

pathogen population dynamics. Ecology 73, 507-514. 
Grothues, D. and Tiimmler, B. (1991) New approaches in genome analysis by pulsed-field gel 

electrophoresis: an application to the analysis of Pseudomonas species. Molec. Microbial. 5, 
2763-2776. 

Handermann, M., Schnitzler, P., Rosen Wolff, A., Raab, K., Sonntag, K.C. and Darai, G. (1992) 
Identification and mapping of origins of DNA replication within the DNA sequences of the genome 
of insect iridescent virus type 6. Virus Genes 6, 19-32. 

Hassan, S., Croizier, G., Vago, C. and Duthoit, J.L. (1970) Infecfion a virus irisant dans une population 
naturelle d’Aedes detritus Haliday en France. Annal. Zoo]. Ecol. anim. 2, 295-299. 

Kalmakoff, J., Moore, S. and Pottinger, S. (1972) An iridescent virus from Costelytra zelandica: a 
serological study. J. Invertebr. Pathol. 20, 70-76. 

Kelly, DC., Ayres, M.D., Lescott, T., Robertson, J.S. and Happ, G.M. (1979). A small iridescent virus 
(type 29) isolated from Tenebrio molitor: a comparison of its proteins and antigens with six other 
iridescent viruses. J. Gen. Virol. 42, 95-105. 

Lightner, D.V. and Redman, R.M. (1993) A putative iridovirus from the penaeid shrimp Protrachypene 
precipua Burkenroad (Crustacea: Decapoda). J. Invertebr. Pathol. 62, 107-109. 

Montanie, H., Bonami, J.R. and Camps, M. (1993). Irido-like virus infection in the crab Macropipus 

depurator L. (Crustaecea: Decapoda). J. Invertebr. Pathol. 61, 320-322. 
Poinar, G.O., Hess, R.T. and Cole, A. (1980) Replication of an iridovitus in a nematode (Mermithidae). 

Intervirol. 14, 316-320. 
Poinar, G.O., Hess, R.T. and Stock, J.H. (1985) Occurrence of the isopod iridovirus in European 

Armadillidium and Porcelfio (Crustacea: Isopoda). Bijdrag. Dierkunde 55, 280-282. 
Popelkova, Y. (1982) Ceoleomyces from Aedes cinereus and a mosquito iridescent virus from Aedes 

cantans in Sweden. J. Invertebr. Pathol. 40, 148-149. 
Poprawski, T.J. and Yule, W.N. (1990) A new small iridescent virus from grubs of Phyflophaga anxia 

(LeConte) (Cal. : Scarabidae). J. Appl. Entomol. 110, 63-67. 



T. Williams / k5u.s Research 33 (1994) 99-121 121 

Rieb, J.P., Mialhe, E. and Quiot J.M. (1982) Ceratopogonidae larvae infected by an iridovirus. 
Mosquito News 42, 529. 

Runnger, D., Rastelli, M., Braendle, E. and Malsberger, R.G. (1971) A virus-like particle associated 
with lesions in the muscle of Octopus uulgati. J. Invertebr. Pathol. 17, 72-80. 

Schnitzler, P. and Darai, G. (1993) Identification of the gene encoding the major capsid protein of Fish 
Lymphocystis Disease Virus. J. Gen. Viral. 74, 2143-2150. 

Schnitzler, P., Hug, M., Handermann, M., Janssen, W., Koonin, E.V., Delius, H. and Darai, G. (1994) 
Identification of genes encoding zinc finger protiens, non-histone chromosomal HMG protein 
homologue, and a putative GTP phosphohydrolase in the genome of Chile iridescent virus. Nut. 
Acids Res., in press. 

Sieburth, P.J. and Carner, G.R. (1987) Infectivity of an iridescent virus for larvae of Anticarsia 
gemmatalis (Lepidoptera: Noctuidae). J. Invertebr. Pathol. 49, 49-53. 

Sonntag, K.C., Schnitzler, P., Koonin, E. and Darai, G. (1994al Chile iridescent virus encodes a 
putative helicase belonging to a distinct family within the ‘DEAD/H superfamily; implications for 
the evolution of large DNA viruses. Virus Genes, in press. 

Sonntag, K.C., Schnitzler, P., Janssen, W. and Darai, G. (1994b) Identification of the structural 
properties and the coding strategy of the genome of insect iridescent virus type 6 between the 
coordinates 0.310 and 0.347 (799Obp). Intervirol., in press. 

Steiger, U., Lamparter, H.E. Sandri, C. and Akert, K. (1969) Virus-iihnliche Partikel im Zytoplasm von 
Nerven und Gliazellen der Waldenneise. Arch. Geselkch. virusforsch. 26, 271-282. 

Stohwasser, R., Raab, K., Schnitzler, P., Janssen, W. and Darai, G. (1993) Identification of the gene 
encoding the major capsid protein of insect iridescent virus type 6 by polymerase chain reaction. J. 
Gen. Virol. 74, 873-879. 

Stoltz, D.B., Hilsenhoff, W.L. and Stich, H.F. (1968) A virus disease of Chironomus plumosus. J. 
Invertebr. Pathol. 12, 118-126. 

Takoaka, H. (1980) Pathogens of blackfly larvae in Guatemala and their influence on natural 
populations of three species of onchocerciasis vectors. Am. J. Trop. Med. Hyg. 29, 467-472. 

Tinsley, T.W. and Kelly, D.C. (1970) An interim nomenclature system for the iridescent group of 
viruses. J. Invertebr. Pathol. 12, 66-68 

Tinsley, T.W., Robertson, J.S., Rivers, C.F. and Service, M.W. (1971) An iridescent virus of Aedes 
cantans in Great Britain. J. Invertebr. Pathol. 18, 427-428. 

Torybaev, Kh. K. (1970) Discovery of an orange mosquito iridescent virus in the larvae of Aedes caspius 
caspius in the southeastern part of Kazakhstan. Proc. Kazach Acad. Sci. 7, 68-69 (In Russian). 

Vago, C., Roux, J.A., Duthoit, J.L. and Dedet, J.P. (1969) Infection spontanee a virus irisant dans une 
population d’Aedes defritus (Hal., 1833) des environs de Tunis. Annal. Parasitol. 44, 667-676. 

Wagner, G.W. and Paschke, J.D. (1977) A comparison of the DNA of R and T strains of mosquito 
iridescent virus. Virology 81, 298-308. 

Williams, T. (1993) Covert iridovirus infection of blackfly larvae. Proc. R. Sot. Land. B 251, 225-230. 
Williams, T. and Gory, J.S. (1994) Proposals for a new classification of iridescent viruses. J. Gen. Virol., 

in press. 
Williams, T., Tiley, C.F. and Gory, J.S. (1994) Host range and strategies of infection in iridescent 

viruses. J. Invertebr. Pathol., submitted. 
Willis, D.B., Thompson, J.P. and Beckman, W. (1990) Transcription of frog virus 3. In: G. Darai (Ed.), 

Molecular Biology of Iridoviruses, pp. 173-186. 
Weiser, J. (1965) A new virus infection of mosquito larvae. Bull. WHO 33, 586-588. 
Weiser, J. (1968) Iridescent virus from the blackfly Simulium omatum Meigen in Czechoslovakia. J. 

Invertebr. Pathol. 12, 36-39. 
Weiser, J. and Zizka, Z. (1985) A red mosquito iridescent virus in Aedes punctor in Czechoslovakia. 

Folia Parasitol. 32, 285-287. 


