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Abstract 

Orbiviruses are frequently isolated in northern Australia. They are arthropod-borne viruses, with 

a double stranded, segmented RNA genome. The Orbivirus genus is classified into serogroups on the 

basis of immunological tests. Their insect hosts can include mosquitoes,Culicoides (biting midges) and 

ticks, and the vertebrate hosts include a range of native and domesticated animals, depending on the 

virus serogroup. Most of the Orbiviruses identified in Australia are non-pathogenic in animals, but 

members of one serogroup, bluetongue virus (BTV), can cause severe disease in sheep. At present the 

ranges of the insect hosts of BTV and the sheep populations in Australia don't coincide, but with 

climatic changes this may alter. Consequently, Orbiviruses in general and BTV in particular, are of 

major importance to the agricultural industries in Australia. Better tests are needed to identify virus 

serotypes within each serogroup, especially for BTV, and a method is described forE.coli expression 

of a region of the outer coat protein of BTV I considered to contain virus neutralising epitopes, and 

the use of the expressed peptide to raise antiserum in a rabbit. The antiserum showed some specificity 

for BTV1 in immunofluorescence tests and by immunoelectronmicroscopy, but it was concluded this 

was not a practical method for deriving serotype-specific antisera. 

Identification of Orbiviruses by molecular techniques may be quicker, more efficient, and more 

useful than current serological tests. A commonly isolated Orbivirus serogroup in northern Australia 

is the Wongorr serogroup. No information on the molecular characteristics of the group was available, 

so RNA profiles of the prototype Wongorr virus (WV) were made, one of the serogroup-specific virus 

proteins was partially sequenced, and oligonucleotide primers were designed for PCR. With this 

information the Wongorr serogroup was compared with nine other Orbivirus serogroups by PCR, RNA 

profiles and multiple sequence alignments. Several WV isolates were also compared with each other, 

and two distinct clusters of isolates were identified. These were separated geographically, with the 

Northern Territory WV isolates showing consistent differences from the southern isolates. A previously 

unidentified Orbivirus, Paroo River virus has been shown to be a WV by PCR and sequencing, and 

the position of Picola virus in the Wongorr serogroup has been confirmed. Two other NT Orbivirus 

isolates were identified as Corriparta viruses by PCR and sequencing, and a third unidentified Orbivirus 

has been shown provisionally to be Mitchell River virus. 
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1. General Introduction - Orbiviruses 

1.1. Classification of Orbiviruses 

The Orbiviruses are classified as a genus of the family Reoviridae. In 1971, Borden et al 

grouped several arboviruses together on the basis of various physicochemical properties (stability in 

lipid solvents, lability at p113), antigenic relationships in serological tests, and morphology (Borden 

ci a!, 1971; Murphy ci a!, 1971). They proposed that these viruses formed a distinct genus, different 

from other arboviruses, and related to but separate from the Reoviruses. They suggested the name 

Orbivirus (from the Latin "orbis" meaning circle or ring) because of the large doughnut-shaped 

capsomeres visible by electron microscopy (EM) on the surface of negatively stained virus particles. 

Earlier studies, including those by Verwoerd (1969), had determined the viral nucleic acid of 

the group to be double-stranded RNA (dsRNA), and the name "Diplorna"viruses (analogous to 

"Picorna"viruses) had been suggested to include all the known dsRNA viruses (plant and animal). This 

name was not adopted, however, and the current classification and nomenclature of the dsRNA viruses 

is shown in Table I (based on the Fifth Report of the International Committee on Taxonomy of 

Viruses, Francki ci a!, 1991). 

There is no antigen common to all Orbiviruses. Within the Orbivirus genus, viruses are grouped 

on the basis of cross-reactivity in complement fixation (CF), agar gel immunodiffusion (AGID), 

iminunofluorescent antibody (lFA) or enzyme-liiiked immunosorbent assay (ELISA) tests, into at least 

14 serogroups. Bluetongue virus (BTV) is considered the prototype Orbivirus. Distinct serotypes within 

each serogroup are identified by serum neutralisation (SN) tests. A classification of the Orbiviruses is 

given in Table 2, adapted from Knudson and Monath (1990) and Gorman (1992). The ungrouped 

Orbiviruses are isolates that have the characteristics of Orbiviruses but do not cross-react in CF tests 

with viruses in any of the known serogroups. Recent studies on some of these ungrouped viruses have 

resulted in some new provisional serogroups being identified (Subcommittee on information exchange, 

of the American Committee on Arthropod-Borne Viruses, 1992 Annual Report). These groups have 

been called Chobar Gorge; len (Zeller et a!, 1989a and 1989b); Orungo (and possibly Lebombo) 

(Brown et a!, 1991); and Woiigorr (Zeller ci Lii, 1989a and 1989b), and are included at the end of 

Table 2. Classification of the Orbiviruses is subject to revision at present as more studies are being 

done, and the serological basis of classification is being questioned and reassessed (see Discussion). 



Table 1. Classification of the dsRNA viruses 

Family or Genus Envelope Segments of Host 
group dsRNA 

Reoviridae Orthoreovirus - 10 mammals 

Orbivirus - 10 mammals; arthropods 

Coltivirus - 12 mammals; arthropods 

Rotavirus - 11 mammals; birds 

Aquareovirus - 11 fish ; shellfish 

Cypovirus - 10 insects; crustacea 

Phytoreovirus - 12 plants; insects 

Fijivirus - 10 plants; insects 

Plant Reovirus - 10 plants, insects 
subgroup 3* 

Birnaviridae Birnavirus - 2 fish; molluscs; birds 

Totiviridae Totivirus - I fungi 

Giardiav i rus** 
- I protozoa 

Partitiviridae Partitivirus - 2 fungi 

Cryptovirus - 2 plants 

Cystoviridae Cystovirus - 3 bacteria 

* 
Proposed genus (as yet unnamed) 

** Shows possible affinities to the Totiviridae family 

Confusion with the nomenclature of individual Orbiviruses has occurred because of historical 

differences in the way viruses were identified and named. Viruses in the BTV and African horse 

sickness virus (AHSV) groups were identified by workers isolating viruses related to known serotypes 

but not giving cross-protection in SN tests. They were numbered as separate serotypes within the same 

serogroup. This followed the convention established at the Veterinary Research Institute, Onderstepoort 

(South Africa) where much of the initial work on BTV and AHSV was carried out (Howell, 1960; 

Howell, 1969). Most of the other Orbiviruses were isolated as a result of specific virus isolation 

programs, from insect vectors or infected animals, and were given individual names when it was shown 

by SN tests that they were distinct from known Orbiviruses. The serogroups were named from the first 

member isolated. The use of names for some individual serotypes, and numbers within serogroups for 

others, should not obscure the fact that serologically these viruses are classified to the same level" by 

the same serological tests. 
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Table 2: Classification of the Orbiviruses 

Serogroup Number of 
serotypes * 

Insect vector Isolated in 

African Horse 
Sickness 

9 Culicoides Africa, Asia, Europe 

Bluetongue 24 Culicoides Africa, Asia, Australia, Europe, 
North America 

Changuinola 12 Phlebotornines 
Mosquitoes 

North and South America 

Corriparta 3 Mosquitoes Africa, Australia, South America 

Epizootic 
Haernorrhagic 
Disease 

12 Culicoides Africa, Asia, Australia, North 
America 

Equine Encephalosis 7 not found Africa 

Eubenangee 3 Mosquitoes 
Culicoides 

Africa, Australia 

Kern erovo 18 Ticks wide-spread 

Palyarn 9 Mosquitoes, Ticks, 
Culicoides 

Africa, Asia, Australia 

Urnatilla 3 Mosquitoes Asia, North America 

Wallal 2 Culicoides Australia 

Warrego I Mosquitoes Australia 

Chobar Gorge 2 Ticks Africa, Asia 

leri 3 Mosquitoes Africa, Asia, South America 

Orungo I Mosquitoes Africa 

Wongorr 2 Mosquitoes, 
Culicoides 

Australia 

Ungrouped at least 13 various various 

* 

References vary in the number of serotypes in some serogroups 

1.2. Orbivirus morphology 

Orbiviruses have spherical virions with a complex double-shelled structure. Until recently, the 

outer shell was described as a diffuse, "fuzzy" layer when seen by negative contrast EM (Els and 

Verwoerd, 1969; Verwoerd et a!, 1972). However, studies of BTV using cryo-EM have now shown 

the outer shell, which consists of two major proteins, to have a distinct, well-ordered structure made 
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tip of 120 globular regions with multiple sail-shaped spikes projecting beyond them (Hewattet al, 

1992). Removal of the outer shell leaves the virus core particle. The core particle consists of two major 

proteins, surrounding three minor proteins and the RNA genome. The core particle has icosahedral 

symmetry, and by negative contrast EM shows the characteristic ring-like structures that gave the 

Orbiviruses their name. Published estimates of the size of Orbivirus particles vary, apparently 

depending on the way the samples were prepared, and whether the researchers were viewing virus cores 

or whole particles (Verwoerd et al, 1972; Gould and Hyatt, 1994). By cryo-EM, BTV has been shown 

to have a core diameter of 69nm and an outer shell diameter of 86nm. Figure 1 shows a transmission 

electronni icrograph of negatively stained BTV 1 particles. 

1.3. The Orbivirus genome 

The Orbivirus genome consists of ten segments of dsRNA varying in size from about 0.2-

3.0xl06Da (Gorman, 1979), and has been characterised best for BTV. The total molecular weight of 

the nucleic acid of the differeiit Orbiviruses has been estimated to range from 11.0-12.5x106Da 

(Gormati,I979). The ten RNA segments can be separated by electrophoresis through polyacrylamide 

or agarose gels (See Chapter 3, and for reviews see Gorman, 1979; Verwoerdet al, 1979). 

With the BTVs (and viruses of some of the other serogroups) it has been shown that each 

dsRNA segment codes for a single polypeptide, with the exception of segment 10 which appears to 

code for 2 closely related polypeptides (Mertenset a!, 1984). No secondary cleavage of the primary 

gene products has been observed (Huismans, 1979). 

The virus particle contains seven proteins, described as structural proteins (Verwoerdet a!, 

1979). The remaining virus-encoded proteins are non-structural and are found in virus-infected cells. 

In vitro translation of isolated dsRNA segments of BTV has enabled the correlation of each segment 

with the protein it encodes (Mertenset a!, 1984). Repeating this work with EHDV has shown a similar 

genomic organisation to BTV (Mecham and Dean, 1988). More recently, cloning full length eDNA 

copies of BTV gene segments into baculovirus for expression has enabled more detailed studies on the 

expressed proteins (Roy ci al, 1990). The following table (Table 3) is adapted from the work of 

Mertens ci al (1984), Roy (1992), and Knudson and Monath (1990). The table is based on data derived 

mainly from sttidies of BTV, but work with other Orbiviruses has shown similar gene arrangements 

and protein coding systems, (for example, see Roy ci al (1994), for a review of the data on AHSV 

gene expression and coding arrangements). Figure 2 illustrates diagrammatically the relative positions 

of the virus proteins and the genome in an Orbivirus particle. 
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Figure 1: Transmission electronmicrograph of negatively stained BTV I particles. The visible 

outer shell is comprised of globular molecules of VP5 partly covered by the projecting 

sail-shaped spikes of VP2, that form tnskelion" or 3-bladed motifs. Bar represents lOOnm. 

(Photograph courtesy of Dr Alex Hyatt). 



VP 1 

VP 2 ----------- 
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Figure 2: Diagram illustrating the structure of an Orbivirus particle. The outer shell is formed 

by globular molecules of VPS and projecting spikes of VP2. Beneath this, the inner shell 

consists of VP7 on a framework of VP3. VP!, VP4 and VP6 are found in the virus core, with 

the ten segments of dsRNA (represented as rows of open dots). (Diagram modified by Dr Alex 

Hyatt, from an original by Dr Polly Roy). 



Table 3. Gene arrangement and protein coding system of the Orbiviruses 

Genome 
segment 

Protein 
encoded 

Size (amino 
acids - BTV) 

Location in 
virion 

Function 

I VPI 1302 inner core RNA polyrnerase 

2 VP2 956 outer capsid major structural protein; 
serotype-specific 

3 VP3 901 core surface major structural protein; 
serogroup-specific 

4 VP4 654 inner core mRNA capping enzyme; 
guanylyltransferase 

VPS 526 outer capsid structural protein 

6 NS 1 552 non-structural forms virus-specific tubules 
in infected cells; function 
unknown 

7 VP7 349 core surface major structural protein; 
serogroup- specific 

8 NS2 357 non-structural associated with virus 
inclusion bodies; binds 
mRNA 

9 VP6 328 inner core binds ssRNA and dsRNA 

10 NS3 229 non-structural glycoproteins involved in 
NS3a 216 

virus release from cells 

* 

Depending on the particular Orbivirus and the method of separation of the gene segments, gene 

segments 5 and 6 may appear in the reverse order, so that gene segment 5 codes for NS I and gene 

segment 6 codes for VPS (Gould and Hyatt, 1994). The same situation can occur with gene segments 

2 and 3 (see 3.3.6.). 

VP2 and VPS are the outer coat proteins. VP2 is highly variable between serotypes within a 

serogroup, and between serogroups. VP2 contains the neutralisation epitopes (Huismans and Erasmus, 

1981; Kahlon eta!, 1983) and appears to form the projecting sail-shaped spikes on the surface of the 

outer shell. VPS, although less variable than VP2 and not known to be responsible for distinct 

neutralising activity, may be involved indirectly in the determination of virus serotype by affecting 

the conformation of VP2 (Mertenset a!, 1989). VPS is presumed to form the globular regions of the 

outer shell (Hewatt et a!, 1992). 

Both VP3 and VP7 (the major structural proteins that form the inner shell) are hydrophobic 

proteins, highly conserved within each serogroup, which contain group-specific antigenic determinants 

(Huismans and Erasmus, 1981). Within the BTV serogroup, for example, both VP3 and VP7 are 
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recognised by all anti-BTV antisera, with some weak cross reactions with AHSV and EHDV antisera. 

At the molecular level, Iwataet a/(1992) have compared the amino acid sequences of the four major 

capsid proteins (VP2, VP3, VP5, and VP7) of AHSV, BTV and EHDV and shown that VP3 is the 

most conserved between these serogroups and VP2 the most variable. 

Of the 3 minor core proteins, VPI has been shown to have sequence similarity to other virus 

RNA polymerases and the ability to elongate RNA with a suitable primer and template (Urakawa et 

a!, 1989). As with reoviruses and rotaviruses, the 5 ends of the mRNAs of BTV appear to be capped 

and methylated, and it is suggested VP4 is involved in this activity (Roy, 1992). VP6 has been shown 

to bind both ssRNA and dsRNA and to have sequence similarity with helicases (Roy, 1992), so may 

be involved in the conformation of viral RNA. 

Of the non-structural proteins NSI and NS2 are synthesised in large amounts in virus-infected 

cells, but NS3 and NS3a are present only in very small quantities. The tubules found in Orbivirus-

infected cells are composed predominantly of NSI, with small amounts of associated VP3 and VP7, 

and their function is unknown (Huismans and Els, 1979; Hyatt and Eaton, 1988). NS2 is present 

mainly in the virus inclusion bodies (Eaton ci a!, 1988) and is known to bind mRNA (Thomas et a!, 

1990). NS3 and NS3a are both encoded by gene segment 10, which contains two separate, in-frame 

start codons (Lee and Roy, 1986). In insect cell culture, NS3 and NS3a have been shown to be 

involved in the release of virus from cells, by extrusion (Hyattet a!, 1993). 

1.4. Orbivirus replication in cell culture 

Orbiviruses grow in cell culture in a variety of mammalian and insect cell lines. They replicate 

entirely in the cytoplasm and are associated with dense granular inclusion bodies. Eaton et a!(1990) 

have described the replication of BTV in cell culture. The virus enters cells by endocytosis and the 

outer coat proteins are removed in endosomes. The core-like particles are released into the cytoplasm, 

where they transcribe virion RNA. The viral proteins generated appear to condense around the core 

particle and form an inclusion body, and it is within this that new cores are produced. The outer coat 

proteins are added at the perimeter of the virus inclusion body, as the progeny virus particles enter the 

cytoplasm (Brookes el a!, 1993). In mammalian cell cultures some of the virus particles leave the cell 

by budding through the cell membrane or by a process of extrusion, but the majority appear to be 

released following cell lysis. In insect cell cultures, however, virus appears to be released from cells 

without cell lysis. 
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1.5. Orbivirus "life cycle" and vector ecology 

A variety of blood-feeding insects have been identified as vectors of different Orbiviruses, 

including mosquitoes, Culicoides species (biting midges) and ticks (for review see Knudson and Shope, 

1985). Only liinited research has been done on the interaction between the Orbiviruses and their insect 

vectors, compared to the extent of work into other aspects of Orbivirus structure and function, 

pathology and epidemiology. One of the earliest vector competence studies was by Du Toit (1944), 

working with BTV and AHSV in Culicoides. Of the more recent insect studies available, most involve 

BTV and the Culicoides species (for review see Mellor, 1990), although work with AHSV in insects 

has also continued (Mellor, 1994). 

In the wild, Culicoides can become infected with BTV by ingesting blood from a viraemic 

vertebrate host. Virus replicates in the insect's mid-gut cells and is released into the circulating 

haeniolymph. Secondary infection of the salivary glands then occurs. Transmission of virus to another 

vertebrate can occur from 1 0- 14 days after infection of the insect, and can probably continue for the 

rest of the insect's life (Chandlere1 a!, 1985; Mellor, 1990). 

Different Culicoides species prefer to feed on particular species of vertebrate, and some are 

obligate breeders in the dung of particular vertebrates. Also, the different Culicoides species show 

varying abilities to become infected with and transmit BTV, and even differing susceptibility to 

particular BTV serotypes. For each BTV serotype it appears that only a limited number ofCulicoides 

species are able to become persistently infected and transmit the virus. In addition, climatic conditions 

have a strong influence on vector distribution and hence on the presence and spread of a virus. These 

factors all add to the complexity of the virus/insect/vertebrate ecology, and therefore to the distribution 

of BTV (Mellor, 1990; Ward, 1994). 

Other Orbiviruses can be presumed to have equally complex interactions with their insect and 

vertebrate hosts, and with the environment. 

1.6. Orbiviruses in Australia 

In Australia, viruses from several Orbivirus serogroups are present, and representatives of the 

BTV, EHDV, Eubenangee, Palyam, Wallal, Warrego and Corriparta serogroups, as well as several 

ungrouped Orbiviruses have been isolated (Knudson and Shope, 1985). Some of these serogroups are 

found only in Australia (Eubenangee, Wallal, Warrego). Many of the Orbiviruses recognised in 

Australia today were first isolated from insects trapped as part of virus monitoring programs (for 

example, see Doherty e/ a!, 1973). 

Table 4. (following) details the Orbiviruses identified in Australia, with their insect hosts. 
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Table 4. Orbiviruses present in Australia. 

Serogroup Number of Vector 
serotypes 

Bluetongue 8 Culicoides 

Corriparta 1 mosquitoes 

Epizootic haemorrhagic disease 5 Culicoides 

Eubenangee 2 Culicoides, mosquitoes 

Palyam 4 Culicoides 

Warrego Culicoides, mosquitoes 

Wallal 2 Culicoides 

Ungrouped several various 

1.7. Diseases caused by Orbiviruses 

A few Orbiviruses have been implicated in human disease in other countries (Gorman and 

Taylor, 1985; Knudson and Monath, 1990), but appear to be of minor importance. However, some 

serogroups of Orbiviruses contain viruses that can be highly pathogenic for particular species of 

animals and are therefore of major significance to world agriculture. Some of these, especially AHSV 

and equine encephalosis, are exotic to Australia, however BTV and EHDV are present in Australia, 

and both can cause severe disease in livestock. 

African horse sickness is a serious disease of horses, mules and zebras with a high morbidity 

and mortality. It is indigenous to Africa, and has spread at times to countries of Europe, and through 

the Middle East as far as India (Knudson and Shope, 1985). Equine encephalosis virus was first 

identified in 1967 in South Africa (Erasmus c/ a4 1970) and although it was unknown before that time 

(and antibodies were not found in serum from the previous 10 years) since then more than 75% of 

horses in South Africa have developed antibodies. The disease caused can be fatal. 

Bluetongue disease is mainly a disease of sheep. Although other ruminant species may 

commonly be infected, it is usually only sheep that show clinical signs. Bluetongue is described in 

detail in Chapter 2. EHDV causes disease mainly in various species of deer, and outbreaks have been 

recorded in south-east USA since late last century, as well as in Africa, Australia and Japan. Other 

ruminants can also be infected by EHDV, and disease can occur in cattle. 
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1.8. Significance of Orbiviruses for Australia 

Arboviruses in general are among the most likely exotic (ie: foreign to Australia) disease-

causing organisms to enter this country, because of the mobility of their virus vectors. There is a 

particular risk of the entry of arboviruses from south-east Asia due to the relatively close proximity 

to northern Australia. Wind-blown insects are believed to be one source of new introductions of 

arboviruses into northern Australia (Gard and Melville, 1992). 

Since 1969 a system of sentinel herds and flocks has been established throughout northern 

Australia as a means of monitoring the presence and movements of arboviruses and to provide a serum 

bank for retrospective studies (St George, 1980). In addition, insect trapping programs and virus 

isolation from insects are an important epidemiological monitoring tool (Doyle, 1992). 

Australia is developing comprehensive plans for dealing with outbreaks of the major exotic 

animal diseases, under the AUSVETPLAN. With respect to the Orbiviruses, 8 serotypes of BTV have 

been isolated in Australia (see Chapter 2) but these are mainly confined to northern Australia and have 

not caused clinical disease in sheep flocks. An outbreak of bluetongue in sheep would have major 

implications for Australian agriculture, so although BTV is not exotic, bluetongue control is included 

under the exotic animal disease planning program (Websteret a!, 1992). 

Al-ISV and equine encephalosis virus are the other two main Orbivirus serogroups that are not 

found in Australia. Both could cause severe problems to the equine industries if they entered the 

country. The presence of large populations of feral horses in northern Australia, where there are also 

likely to be competent insect vectors, suggests that these viruses could become permanently established 

in the north if they were introduced. 

1.9. Project summary 

The aim of this project was to investigate and characterise Orbiviruses using a variety of 

methods, including molecular techniques and electron microscopy. Two experimental chapters are 

presented. Chapter 2 describes the production of antiserum to a recombinant peptide fragment of BTVI 

VP2, and the testing of that serum for BTV serotype-specificity. Chapter 3 describes the 

characterisation of seven Orbivirus isolates by several methods, including ELISA, RNA profiles and 

DNA sequencing. The experimental sections are each followed by conclusions and a discussion of the 

implications of the work. 
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2. Bluetongue virus serotyping 

2.1. Introduction 

2.1.1. Distribution of bluetongue virus 

Bluetongue virus (BTV) has a worldwide distribution, with isolates recorded from North 

and South America, Africa, Southern Europe, the Middle East, India and Pakistan, South-east Asia 

and Australia (Gorman, 1990). In fact, BTV occurs in areas of all continents in a broad belt around 

the world from about 400  N to 35°S (Parsonson, 1992). 

BTV causes a disease, bluetongue, that can infect several species of ruminants. Bluetongue 

disease is most severe in sheep, with high morbidity and mortality, and is usually less severe to 

inapparent in other ruminant species. Bluetongue is a disease of major world economic importance. 

It is included by the OLE (Office International des Epizooties) as a List A disease, meaning it is 

recognised as a disease of considerable severity, with a high ability to spread, and capable of 

extending beyond national boundaries to result in grave socio-economic and animal losses, and 

affect international trade (International Office of Epizootics, 1990). 

2.1.2. BTV in Australia 

BTV was first isolated in Australia from the Darwin region in 1975, as a result of a project 

to collect and identify potential arbovirus vectors in northern Australia, and to isolate arboviruses 

already present (St George el al, 1978). Because of delays involved in sending the isolate to 

reference laboratories overseas, it was over two years before the isolate was identified as BTV. This 

finding then caused major disruption and restrictions on trade. Thirty two countries imposed 

immediate bans on livestock imports and iriovements of other commodities from Australia (Lehane, 

1981; Doyle, 1992). However, most of these bans were lifted within the next two to three years, 

when it was realised that infection and disease were not present in Australia's sheep flocks. 

Since the first isolation of BTV in Australia, significant studies have been undertaken in 

epidemiology, pathogenesis, diagnostic methods, vaccines and preparedness for a disease outbreak 

(Alexander ci al, 1992; Webster ci al, 1992). A sentinel herd program (involving mainly cattle) has 

been operating in Northern Australia since 1969 to obtain serological data on the presence of viral 

diseases (St George, 1980). Regular insect trapping and identification programmes, and virus 

isolation from insects, are carried out to monitor the prevalence and epidemiology of BTV and 

other arboviruses (Doyle, 1992). 
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Bluetongue was first recognised as a distinct disease of sheep in South Africa, soon after 

sheep were imported there late in the 19th century. By 1944 it was established as an arboviral 

disease (Du Toit, 1944), and by 1960 it had been shown that there were several distinct antigenic 

types that varied in virulence, and that antibodies were not cross-protective between these types 

(Howell, 1960). Within the BTV serogroup twenty four different serotypes have now been 

identified worldwide, designated BTV I to BTV24, and a twenty fifth serotype has recently been 

described (Davies et al, 1992). Eight BTV serotypes have been found in Australia. They are: 

BTVI, 13TV3, BTV9, BTVIS, BTV16, BTV20, BTV2I, and BTV23. 

2.1.3. Insect vectors of BTV 

As described in Section 1 .5, the insect vector for BTV can be one of several species of 

biting midges, of the genus Culicoides (Wirth and Dyce, 1985). The distribution of BTV is 

restricted by the distribution of the insect vectors, and the interaction of the vectors with ruminant 

populations. In Australia at least four species of Culicoides are known to be able to transmit BTV 

(Standfast and Muller, 1989; Doyle, 1992) and there are other potential vectors. These midges are 

mainly confined to the northern areas of the country and therefore are not associated with the major 

sheep raising areas. However, their distribution can vary, especially with climatic changes, and the 

possibility exists that BTV could enter Australia's sheep flocks and cause outbreaks of bluetongue 

disease. This would have severe implications for the sheep industry, and for Australian livestock 

trade in general. 

2.1.4. Rapid diagnostic procedures for BTV 

BTV serotypes are currently identified by serum neutralisation (SN) tests (Gard and 

Kirkland, 1993). This takes several days to perform, requires testing against all known serotypes 

from an area, and the results can sometimes be difficult to interpret. There is a need to be able to 

rapidly identify and serotype isolates of BTV, and to identify serotype-specific antibodies in serum, 

for diagnosis and control (eg: vaccination), in research, and for epidemiological studies. 

Identification of Orbivirus serogroups using the polymerase chain reaction (PCR) has been 

investigated (Wade-Evans et al, 1990; McColl and Gould, 1991). It has been shown that with 

careful choice of oligonucleotide primers, reaction conditions and striligency, PCR can be used to 

identify BTV at serogroup level, using primers based on the sequences of either RNA3 or RNA7. 

McColl and Gould (1991) further demonstrated that using specific primers based on the sequence 

of the RNA2 gene of each Australian BTV serotype, PCR could be used to differentiate between 

these eight serotypes, except for some cross reaction between BTV3 and BTVI6. 



A PCR serotype detection test has been developed for the five US bluetongue serotypes. 

This uses a multiplex PCR, with multiple primers in the one reaction, to amplify a specific product 

for each different serotype (Wilson and Chase, 1993). However, PCR is an expensive technique 

with a high potential for contamination and is not suitable for routine virus screening and 

identification. 

A competitive ELISA test has been developed and standardised, using yeast-expressed VP7 

and an anti-VP7 monoclonal antibody, to identify BTV group-specific antibodies in serum (Luntet 

al, 1988a). However, ELISA tests for serotyping BTV would require serotype-specific reagents and 

these are not currently available. 

Recently, a fluorescence inhibition test has been developed for serotype identification of 

Australian BTVs (Blacksell and Lunt, 1993). Unlike serum neutralisation tests, which take four to 

five days from infection of cell cultures to reading of results, it appears the BTV fluorescence 

inhibition test can provide a serotype identification within twenty four hours of cell infection. 

However, it still requires virus isolation and growth in cell culture. There is a need for a test that 

will distinguish BTV serotype-specific antibodies in the serum of infected animals. 

The use of electron microscopy in the rapid identification of BTV, and for serotyping BTV 

has been investigated (Hyatt, 1989; Gould el at, 1989). lmmunogold-labelling, where virus is 

adsorbed onto a grid and a gold-labelled antibody is used for detection with the electron 

microscope, is one recent technique that has been used (Hyatt, 1989). Again, to be able to serotype 

BTV using this method would require serotype-specific reagents. 

2.1.5. Serotype-specificity of BTV 

The outer coat protein of the virion, VP2, has been shown to be responsible for eliciting 

production of virus neutralising antibodies, which are the basis for serotype-specificity (Huismans 

and Erasmus, 1981; Kahlon et at, 1983). VP2 is also responsible for the adsorption of the virus 

particle to cells (Huisnians et at, 1983). The other outer coat protein, VP5, does not appear to have 

a direct role in serotyping or virus neutralisation, but may be important in affecting the 

conformation of VP2 (Roy et at, 1990), and hence in the production of neutralising antibodies. 

VP2 is coded for by the gene segment designated RNA2. The complete nucleotide sequence 

of RNA2 of the Australian BTVI (BTVIAUS) has been determined (Gould, 1988), and is 2940 

nucleotides in length, with an open reading frame coding for a protein of 961 amino acids 

(Appendix B). Other workers have sequenced the VP2 of other BTV serotypes (Fukusho et at, 

1987, Yamakawa et at, 1994). VP2 has been shown to be a hydrophilic protein with many charged 

residues, and an overall positive charge. The protein has several cysteine residues, (eg: BTVIAUS 

VP2 has 12 cysteines; BTVIOUS VP2 has 16) which suggests a role for disulfide boiids in 
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maintaining the three dimensional structure. 

Much research has been done to characterise the epitopes of VP2 with respect to their 

serotype-specificity and virus neutralising ability. Sequencing of com plemeiitary DNA (cDNA) 

copies of RNA2, and comparison of the sequences between serotypes, have delineated certain 

regions of the gene that are highly variable, and other regions that are conserved. It is suggested 

that the variable regions code for epitopes that are responsible for virus neutralisation, while the 

conserved regions are considered to be important in the conformation and presentation of these 

epitopes, as well as in virus attachment to cell surface receptors (Ghiasiet at, 1987; Gould, 1988; 

Roy, 1989). 

Other studies have used monocionai antibodies (MAbs) to VP2, and neutral is] iig-MAb 

escape variants, to characterise neutralising epitopes on VP2. These studies have demonstrated that 

there are multiple interacting epitopes involved in serotype-specificity and virus neutralisation 

(Gould and Eaton, 1990; White and Eaton, 1990). Most of the epitopes so far investigated appear 

to be conformational rather than linear (White and Eaton, 1990). Also of importance is the 

discovery that epitopes that are neutralising in one serotype may be present but non-neutralising in 

another serotype (White and Eaton, 1990). This may explain some of the cross reactions that can 

occur between BTV serotypes in SN tests (Della Portaet at, 1979). 

2.1.6. Project summary 

Gould and Eaton, (1990), identified a region of VP2 of BTVIAUS that they considered 

was a major neutralisation site, and found that four other regions appeared to interact with this site 

by affecting the ability of neutralising MAbs to bind to and iieutralise the virus. Figure 3 is taken 

from Gould and Eaton (1990), and illustrates the region of interest. Sites lila and lllb covered a 

highly variable region of 19 amino acids, from residue 317 to 335, defined by comparing all the 

known amino acid sequences of the VP2 proteins of different serotypes. Three different neutralising 

MAbs were shown to be able to select neutralisation resistant variants with amino acid alterations 

within this region. Sites lila and Ilib were flanked on both sides by amino acid sequences that were 

highly conserved, including two conserved cysteine residues. Because of its potential as a major 

neutralisation site and the possible role of this region in serotype-specificity (suggested by the 

amino acid variability between serotypes), it was decided to investigate this region further. That 

investigation forms the basis of this study. 

in summary, two oligonucleotide primers were designed for VP2 of the Australian BTVI 

serotype (BTVIAUS), based on the nucleotide sequences flanking the region of interest. A 

restriction enzyme site was incorporated into the primer sequences to facilitate cloning. The 

nucleotide sequence of interest was amplified by PCR, and ligated into a plasmid vector which was 
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Figure 3: Figure 1 from Gould and Eaton (1990). Line diagram of BTVI VP2 showing the 
distribution of potential neutralisation sites determined by MAb studies and sequence 
comparisons. Five important sites were identified, labelled I to V. Conserved cysteine residues 
are indicated by arrows, and conserved regions of amino acids are indicated by open boxes. + 

signs identify amino acid alterations that resulted in neutral isation -escape mutants. The region 
identified for further investigation in this study covers the sites Lila and Tub and includes the 
conserved regions either side. 



used to transform E. co/i cells. After amplification, the plasmid was extracted, the RNA2 sequence 

cleaved with the specific restriction enzyme and cloned into a second plasmid vector, engineered to 

express the sequence as a fusion protein in E. co/i. The peptide produced was then used to 

imniunise a rabbit, and the resulting antiserum tested for its ability to recognise BTV VP2, and for 

its serotype-specificity. Testing was by ELISA, Western blot, immunofluorescence and electron 

microscopy. It was hoped to be able to produce serotype-specific antiserum that could be used in 

the rapid identification of BTV isolates to serotype or, for example, in a competitive ELISA to 

detect serotype-specific antibodies in serum. 



2.2. Materials and Methods 

A description of the general procedures used in the BTV serotyping part of the project is 

given in this section. Where possible, methods are ascribed to the original source. Where no source 

is given, the techniques are ones that have developed or been modified over time at AAHL. 

Sambrook et al (1 989) was used as the standard reference for procedures and solutions. All buffers, 

stock solutions, bacterial and cell culture media noted in the methods are described in Appendix A. 

2.2.1. Extraction of BTV double-stranded RNA (dsRNA) from cell culture. 

BTV dsRNA was extracted from infected BHK 21 cell cultures showing 3+ to 4+ 

cytopathic effect (CPE). To obtain a useful quantity of RNA, extraction was usually done from at 

least three 150cm2  tissue culture flasks. Cells were scraped and pelleted, resuspended in TNET 

buffer, and hornogenised in a Dounce hornogeniser, following the method of Mertenset a! (1987) 

for BTV purification. Cell nuclei and debris were pelleted by centrifuging. The resulting 

supernatant represented a cytoplasmic extract, including the virus particles. Sodium dodecyl sulfate 

(SDS) was added to 1% and the supernatant heated to 50°C for 2 minutes to release the viral RNA, 

then the mixture was extracted with phenol:chloroform until the interface was clean. After 

extracting with ether twice to remove residual phenol, the sample was precipitated with ethanol. 

Contaminating cellular DNA was digested with DNase I, and removed by phenol:chloroforrn 

extraction and ethanol precipitation. Single stranded RNA (ssRNA) was precipitated by adding 

lithium chloride to 2M, and the dsRNA in the resulting supernatant was precipitated with ethanol. 

2.2.2. Preparation of complementary DNA (cDNA) from BTV dsRNA. 

The first strand of cDNA was prepared from extracted BTV dsRNA, using AMV Reverse 

Transcriptase (Promega, Madison, Wisconsin, USA), by the method of Gould and Syrnons (1982) 

with the modification that the two RNA strands were separated by heating to 100°C for 40 seconds 

in the presence of deionised formamide, which also relieves secondary structure, and placed 

immediately on ice. Ribonuclease inhibitor (RNasin, Promega) was added to protect the separated 

RNA strands, then the first strand primer, dNTPs (stock solution containing each dNTP at 1.25mM 

concentration), and reaction buffer were added, followed by the enzyme. The reaction was allowed 

to proceed for 40 minutes at 42°C, then halted by heating to 65°C for 5 minutes. 

After synthesis of the first strand of cDNA, the second strand was routinely produced by 

PCR when specific oligonucleotide primers were available. The PCR was run as described below, 

in a total of 25 pI,  with 0.5 p1 of the first strand cDNA mixture used as the DNA template. 
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2.2.3. Polymerase chain reaction (PCR) techniques 

i. General PCR method 

PCRs were performed using a Perkin Elmer (California, USA) Thermal Cycler, in a total 

reaction mixture of 25tl unless otherwise stated. The basic reaction mix is given in Table 5 and 

any modifications of this are described in the text where appropriate. For multiple samples, where 

possible, a single "PCR mix" containing all the reagents except the DNA template was made to 

reduce variation between samples, then dispensed in 24.5pi aliquots into 0.51-n1 Eppendorf tubes, 

and the template DNA added last. The samples were mixed well, spun briefly in a microfuge, and 

overlaid with 1-2 drops of sterile paraffin oil to prevent evaporation during the reaction. 

Unless otherwise stated, PCRs were run for 25 cycles, and the cycling parameters used 

were: 94°C for 1 minute; 37°C for 2 minutes; 72°C for 2 minutes. 

Table 5. PCR Mix 

Distilled water I3.25j.il  

10 x Reaction buffer (Promega) 2.5ii1 

MgCl, (251-nM) (Promega) 2.5ji1 

dNTPs (1.251-nM) 4.0p.l 

Primer I I .0i.ti 

Primer 2 1 .0tl 

Taq DNA polymerase (Promega) 0.25iI 

Template DNA 0.5i1 

Production of oligonucleotide primers 

Oligonucleotide primers used in PCR and for the production of cDNA were synthesised on 

an Applied Biosystems 381A DNA Biosynthesiser and stored at -20°C in the 30% ammoniurn 

hydroxide solution used to cleave them from the column. They were prepared for use by 

precipitating with n-butanol and resuspended in distilled water to give a final concentration of 

12.5tM. 

Primers p610 and p609, and PCR of BTV1AUS 

Two primers were designed for this project by Dr Allan Gould, based on the sequence of 

RNA2 of BTVIAUS. The primers were synthesised as described above and were designated p610 

and p609. Primer p610 (the positive strand primer) was designed to anneal at the 5' end of the 
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sequence of interest of BTV I RNA2. The primer sequence was: 

5' GTA TGG CCA TGG AGG AAT TCA GGC CTA TGA G 3'. 

Primer p609 (the negative strand primer) was designed to anneal at the 3' end of the sequence of 

interest of BTVI RNA2, with the sequence: 

5' CAT AAT CGC ATC ATC GAA TTC ACT TAA CCT AGC TTC GTC 3'. 

Primer p610 was used in the synthesis of the first strand of eDNA, and the second strand was 

produced by PCR, with p610 and p609, as described above. The PCR with these primers was 

intended to amplify the region from nucleotide 843 to 1 145, (see Appendix B) and to add an 

EcoRl recognition site (GAATTC - highlighted above) to each end of the PCR product. 

Approximately 15 extra nucleotides were present at the 5' end of each primer to protect theEcoRl 

site. 

iv. PCR-generated DNA for cloning 

When PCR-generated DNA fragments were to be used in cloning experiments they were 

separated by electrophoresis in an agarose gel (see section 2.2.8.), cut out of the gel and extracted 

and purified using the Geneclean Kit (BIO 101, Inc. La Jolla, California, USA) following the 

manufacturer's directions, into a final volume of 20p1 of TE buffer. 

DNA amplified by PCR using Taq DNA polymerase has no 5' terminal phosphate group. 

To add a phosphate group to the 5' end, the Genecleaned DNA was reacted with T4 polynucleotide 

kinase (T4 PNK) and adenosine triphosphate (ATP), using Promega reagents and following the 

manufacturer's directions. 

2.2.4. Cloning into plasmid vectors, and transformation of E.coli. 

Two plasmid vectors were used for cloning in this project. They were pUC19 (Amersham, 

Sydney, NSW, Australia) and pGEX-2T (Amrad, Cannon Hill, Qid, Australia.). 

i. The pUC series of vectors. 

The pUC series of vectors was developed from a pBR322 plasmid derivative, with the 

addition of a multiple cloning site derived from a modified M13 vector (Vieira and Messing, 1982). 

They are general cloning vectors commonly used as "storage clones" of cDNA fragments. pUC19 is 

a small, high copy number E.coli plasmid vector in the pUC series (Yanisch-Perron et a!, 1985). 

pUC vectors carry a segment of the lac operon of E.coli, which codes for the amino terminal 

fragment of the 3-galactosidase protein. Synthesis of this fragment is induced by isopropylthio43-

D-galactoside (IPTG). Host E.coli cells that contain a defective form of -galactosidase can 

produce functional 3-galactosidase when carrying the pUC plasmid, by the process of a- 
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complemeiitation. When induced with IPTG, these cells form blue colonies if grown in the presence 

of the chrornogenic substrate 5-bromo-4-ch loro-3- indolyl-f3-D-galactoside (X-gal). Insertion of a 

foreign DNA segment in the multiple cloning site of the plasmid disrupts the lac operon, and 

prevents a-complementation, resulting in the production of white colonies in the presence of X-gal. 

The pUC vectors also carry the amp1  gene which confers resistance to ampicillin. 

The pGEX vectors. 

The pGEX vectors were developed from the plasmid pSj5 (Smith and Johnson, 1988, Smith 

et al 1988). The vectors are designed to express a foreign DNA sequence as a peptide fused to the 

C-terminus of the glutathione S-transferase (GST) protein encoded by the helminth parasite 

Schisiosonia japonicuni. The vectors contain the lac promoter, a hybrid promoter functional in 

E.coli, derived from sequences of the irp and lac promoters and inducible by IPTG (de Boer et al, 

1983), followed by the complete coding sequence of the GST, in which the termination codon is 

replaced by a polylinker site (including an EcoRl recognition site). pGEX-2T includes a cleavage-

recognition site for the protease thrombin between the GST sequence and the multiple cloning site. 

The vector also contains the amp' gene for ampicillin resistance. 

Preparation of the vector 

All DNA restriction and modifying enzymes and associated buffers were from Proniega 

unless otherwise stated, and were used and stored according to the manufacturer's directions. 

Vectors were cleaved with the appropriate restriction enzyme. The extent of the digestion was 

checked by electrophoresis of an aliquot of the reaction mixture in an agarose gel. 

To prevent recircularisation of the vector, the cleaved product was treated with calf 

intestinal alkaline phosphatase (CIP) to remove phosphate groups from the 5' terminal nucleotides. 

For successful ligation it was important to then denature and remove the CIP, which was done by 

heating to 75°C for 10 minutes, followed by extraction with phenol:chloroform, and ethanol 

precipitation. The pellet was resuspended in TE buffer before use. 

Ligation of the DNA with the vector 

Ligation with the vector was performed overnight, at 6°C, in a total volume of 20tI using 

Promega reagents and following the standard ligation procedure described by the manufacturer. 

After overnight incubation, the reaction mixture was used directly for transformation ofE.coli. 

Transformation of competent E.coli with a recombinant plasmid 

E.coli cells were made competent to take imp plasmid vectors using the calcium chloride 

protocol of Sanibrook ci al (1989). For transformation, 20tl of the ligated plasniid mixture was 
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added to 200p1 competent E.coli, incubated on ice for 40 minutes, then heat shocked at 42°C for 2 

minutes. An equal volume of 2YT medium was added and the mixture incubated at 37°C for I 

hour with gentle shaking. The cells were then spread onto 2YT and agar plates (with 50ig/ml 

ampicilhin) that had been coated with a mixture of X-gal and IPTG, and incubated at 37°C 

overnight. 

vi. Screening of transformants 

Only E.coli containing tlìe plasmid should grow in the presence of ampicilhin, and colonies 

derived from cells carrying a recombinant plasmid should appear white. White colonies were 

screened for the presence of an insert by PCR. After overnight culture, cells from white colonies 

were collected with a sterile toothpick into 50tls of sterile water, denatured at 100°C for 2 minutes 

and I p1 of this used as the template DNA in a PCR. 

The primers used for screening by PCR depended on the vector sequence. Following 

cloning into pUC19 the primers were USP (Universal Sequencing Primer) and RSP (Reverse 

Sequencing Primer), which were developed for use with M13 phage vectors and pUC plasmids 

(Messing, 1983). RSP anneals to the vector upstream from the 5' end of the multiple cloning site 

and USP anneals to the vector downstream from the 3' end of the multiple cloning site. After a 

PCR using these primers, the product will include about 100 base pairs of the vector (including the 

sequence of the multiple cloning site), plus the sequence of the insert. 

When cloning into pGEX-2T, the oligonucleotide primers used for screening by PCR were 

p609, (from the insert DNA) and a primer designated GEXS (5'-GCA TGGCCTCTGCAGGGC-3', 

from Dr Linfa Wang, AAHL) which anneals with the vector at the 5' end of the insert. By using 

this combination of primers, only colonies derived from bacteria carrying the plasmid with the 

insert in the correct orientation for expression should be detected. 

2.2.5. Sequencing of pGEX-2T inserts 

For sequencing of the inserts, recombinant pGEX-2T plasmids were extracted from 50m1 

overnight cultures of E.coli, using the method given below for large scale plasmid extraction. 

Sequencing of double stranded DNA was performed using the Sequenase Version 2.0 DNA 

Sequencing Kit (United States Biochemical, Ohio, USA), and following the manufacturer's 

directions. The primer used, designated GEX3, was designed to anneal to the vector near the 3' end 

of the insert (3'-CACTGACTGACTTCTAGACC-5', from Dr Linfa Wang, AAHL). Electrophoresis 

of the samples was in a 6% polyacrylamide-urea gel as described in 2.2.8.iv. 
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2.2.6. Extraction of plasmid DNA from E.coli 

Extraction of plasmid DNA from E.coli cell cultures was performed by one of two 

methods, depending on the amount of DNA required. 

Small scale extraction of plasmid DNA was by the alkaline lysis "in ini-prep" technique of 

Sambrook et al (1989), starting with l.5m1 of bacterial culture. The bacterial cells were pelleted, 

then lysed with sodium hydroxide in the presence of SDS. This denatures linear chromosomal 

DNA, but closed circular plasmid DNA is protected. Proteins and denatured cellular DNA were 

precipitated with potassium acetate and the supernatant treated with ribonuclease (RNase). After 

extraction with phenol, the plasmid DNA was precipitated with isopropanol. 

When a larger amount of plasmid DNA was required, extraction was by a modified version 

of the above method, (Wang el a!, 1994). Pelleted cells from 50m1 of bacterial culture were lysed 

with lysozyme then sodium hydroxide and SDS, and the lysate treated with potassium acetate as 

above. At this stage, plasmid DNA (present in the supernatant) was precipitated with isopropanol, 

and resuspended in a small volume of TE buffer to make handling easier. The sample was purified 

by RNase digestion, phenol extraction and isopropanol precipitation. 

2.2.7. Fusion protein expression, extraction and purification. 

Fusion protein expression from recombinant pGEX-2T inE.coli 

The fusion protein was expressed by the method of Smith and Johnson (1988). A culture of 

E.coli containing the recombinant pGEX-2T vector was grown overnight, at 37°C on a shaker, in 

2YT rnediurn containing 50jig/ml ampicillin, diluted 1:10 in the same medium and grown for a 

further 2 hours at 37°C. To induce protein production IPTG was added to 0.1mM and the culture 

incubated for a further 4 hours. 

Extraction of the fusion protein (Smith and Johnson, 1988) 

To obtain a large amount of the fusion protein, cells from 50m1 cultures were pelleted by 

centrifuging at 3,000rpm for 10 minutes at 4°C and resuspended in IrnI PBS with 1% Triton X-

100. The cells were lysed on ice, using a microtip sonicator and four 15 second bursts of 

sonication, then the lysate spun in a microfuge for 5 minutes at 4°C. The pellet and supernatant 

were separated and stored at 4°C overnight, or at -20°C for longer term storage. 

Preparation of samples for electrophoresis. 

Pellets from the equivalent of 5rn1 of culture were resuspended in lOOp] PBS and lOp] of 

this suspension or lOp] of the supernatant were mixed with 10jil of 2x SDS-PAGE loading buffer, 
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heated to 100°C for two minutes and loaded on a 10% SDS-polyacrylarnide gel. Electrophoresis 

was as described in section 2.2.8. 

Affinity purification of the fusion protein 

The pGEX vectors were designed to use a simple, single-step affinity purification process 

to separate and purify the expressed fusion protein (Smith and Johnson, 1988), if the fusion protein 

is soluble. 

Using this procedure, the supernatant recovered after sonication of the bacterial culture was 

mixed with about 1/50th of its volume of a 50% solutioii of agarose beads chemically linked to 

glutathione (sulfur-linked, Sigma Chemical Co. St Louis, Missouri, USA), and incubated at room 

temperature for 2 minutes to allow the GST fusion protein to bind. The beads were then pelleted 

and washed 3 times in PBS. To elute the protein, the beads were washed twice with I bead volume 

of 51-nM free, reduced glutathione (Sigma Chemical Co.) to displace the bound GST, and the eluate 

collected and stored at -20°C. 

Recovery of the peptide from the purified fusion protein 

The pGEX-2T vector was designed with a thrombin cleavage site between the GST and the 

expressed peptide. The peptide was cleaved from the GST by incubation of the purified fusion 

protein with thrombin (human plasma, Sigma Chemical Co.) at a concentration of bOng thrombin 

per 50tg fusion protein (Smith and Johnson, 1988) . The peptide was recovered from the mixture 

by again adding glutathione-agarose beads, which retained the GST and allowed the purified 

peptide to be collected. 

Solubilisation of the fusion protein 

Because the fusion protein in this case was found to be highly insoluble (see Section 2.3.3) 

various methods were tried to solubilise it. One technique involved the use of the anionic detergent 

N-laurylsarcosine (Sarkosyl), following the method of Frangioni and Neel (1993). The cell pellet 

from lOmI of bacterial culture was resuspended in 0.6m1 of STE buffer, with 100tl/ml lysosyme 

added just before use, and incubated on ice for 15 minutes. Dithiothreitol (DTT) was added to 

5mM, the protease inhibitor PMSF to 1mM, and Sarkosyl to 1.5% (from a 10% solution in STE). 

The lysate was sonicated on ice in a bath sonicator for 1 minute (microtip sonication apparently 

denatures the GST and prevents binding to the glutathione-agarose beads), and spun in a microfuge 

for 5 minutes at 4°C. The pellet and supernatant were separated and analysed by SDS-PAGE for 

the presence of the fusion protein. 

Sarkosyl was also used in a modification of Smith and Johnson's method for fusion protein 

extraction. Bacterial cells were resuspended in PBS containing 1 .5% Sarkosyl and lysed by microtip 

21 



sonication as described in 2.2.7.1i (above), and the supernatant and pellet were analysed for the 

presence of the fusion protein. 

Other solvents tested included: 1% NP40 (nonylphenyl-polyethylene glycol); 1% SDS; 2% 

formic acid; 2% dimethyl sulfoxide (DMSO); 2% dimethyl formamide (DF); 2% deoxycholate; 8M 

urea. For each of these experiments (except with 8M urea), samples were prepared by microtip 

sonication as described in 2.2.7.11 (above), and the pellet mixed with the solvent. The procedure for 

solubilisation in 8M urea was from Sambrooket at (1989). 

vii. Extraction of the fusion protein by electrophoresis and elution 

This method was used to isolate and purify the insoluble fusion protein. A pellet from 5rn1 

of Ecu/i culture was prepared by sonication as described in 2.2.7.11 (above), mixed with 500p1 lx 

SDS-PAGE gel loading buffer, heated to 100°C for 3 minutes and loaded onto a 12% preparative 

SDS-polyacrylamide gel. Electrophoresis was performed as described in section 2.2.8. The gel was 

stained with ice-cold 300mM potassium chloride (KCI), which precipitated the protein in the gel, 

forming opaque bands (I-lager and Burgess, 1980), and the fusion protein band was cut out and 

eluted from the gel overnight in SDS-PAGE elution buffer. 

2.2.8. Electrophoretic Procedures. 

Agarose gel electrophoresis 

1% or 2% agarose was prepared from DNA grade agarose dissolved in lx TAE buffer. 

Ethidium bromide (1mg/mI) was added to the gel to a final concentration of 0.5jtg/mI. Samples 

were loaded with 6x gel-loading buffer (Appendix A) added at 1:6 dilution, and electrophoresis 

performed using the Bio-Rad Sub-Cell Electrophoresis equipment (Bio-Rad, California, USA), at 

75mA for mini gels and 150mA for wider gels, for 30 to 45 minutes. Samples were visualised 

under UV light. 

Reference molecular weight marker DNA was prepared from phage lambda DNA digested 

to completion with restriction enzyme Avail and mixed with loading buffer. 

SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) 

Electrophoresis of protein samples was performed in a vertical, discontinuous buffer 

system, using Bio-Rad Mini-PROTEAN Ii equipment. All components of the system (stacking and 

resolving gels, and running buffer) contained 0.1% SDS (Laemmli, 1970). Concentration of the 

resolving gel depended on the size of the proteins to be separated, with a 3% stacking gel to deliver 

the sample (Appendix A). Before loading, samples were mixed with an equal volume of 2x SDS-

PAGE loading buffer and heated to 100°C for 2 minutes. 
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Molecular weight markers (Low Range or High Range markers as appropriate) from Bio-

Rad were used as a reference. 

Electrophoresis was performed at a constant 200V for 45-60 minutes, then the gel 

processed as required. For visual analysis of the gel it was stained with Coomassie Blue. Stained 

gels were then preserved by drying in Gel Drying Film (Prornega). 

Western Blots. 

Proteins were transferred from SDS-polyacrylam ide gels to n itrocel lu lose membranes using 

the Bio-Rad Trans-Blot Cell and associated equipment. After electrophoresis of the protein sample 

as described above, the polyacrylamide gel was fitted into a cassette that held the gel firmly against 

a pre-soaked nitrocellulose membrane, and the proteins were transferred to the nitrocellulose by 

electrophoresis for 1 hour at 250mA. 

Polyacrylamide-urea gels. 

6% polyacrylam ide-urea gels were used for DNA sequencing. Gels were poured between 

two glass plates either 20cm x 40cm or 34cm x 40cm, and were 0.4 mm thick. The 50rn1 gel 

solution contained 21g of urea and 6m1 of 50% polyacrylamide solution (19:1 acrylamide:bis-

acrylamide) in lx TBE. Ammonium persulfate and TEMED were added to polymerise the gel. Gels 

were run upright in BRL (Bethesda Research Laboratories, Gaithersburg, Maryland, USA) Gel 

Electrophoresis System stands. Upper and lower buffer tanks contained lx TBE buffer. 

DNA sequencing gels were pre-run at 35mA for 20cm gels or 55mA for the 34cm gels, to 

warm the gel and buffer system to 50°C. After loading the samples the temperature of the gel was 

maintained at 50°C during electrophoresis. 

After electrophoresis, gels were washed for 5 minutes with a solution containing 5% acetic 

acid and 1 5% methanol to remove the urea. The gel was transferred to a sheet of Whatman 3MM 

paper, covered with plastic wrap and dried at 80°C under vacuum, on a Bio-Rad Slab Gel Dryer for 

I hour. Fuji Medical X-Ray Film was exposed overnight against the dried gel. 

2.2.9. Rabbit inoculation for antiserum production 

A specific pathogen free, 14-16 week old, Half-Lop strain rabbit was obtained from the 

Animal Resources Centre, Western Australia. To enhance the immunogenicity of the peptide 

antigen, 1-lunter's TiterMax #Rl Research Adjuvant (CytRx Corporation, Atlanta, Georgia, USA) 

was added. This coiitains a non-toxic metabolisable oil with a synthetic copolymer adjuvant in a 

microparticulate form, that acts to stabilise the water-in-oil emulsion formed with the antigen 

solution. The fusion protein solution was mixed with an equal volume of the adjuvant, and 200.d 
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of this emulsion was used to inoculate the rabbit, half given intramuscularly and half 

subcutaneously. 

A pre-inoculation blood sample was taken. After 3 weeks a booster injection was given as 

above and again 2 weeks later. This final booster inoculation contained the protein antigen diluted 

1:2 with water, plus the adjuvant as before. Ten days after this final booster, the rabbit was bled, 

and the serum collected by allowing the blood to clot then centrifuging at 4°C for 10 minutes at 

2,500 rpiii and aspirating the serum off the clot. This serum is referred to as the recombinant 

antiseruin. 

2.2.10. Serological detection methods 

Several methods were used for serological analysis of samples. These included enzyme-

linked immunosorbent assays (ELISA); Western Blots; immunoflourescent antibody (IFA) testing of 

fixed, virus-infected cells; and immuno-electron microscopy (IEM). 

i. Preparation of antigens 

Semi-purified BTV antigen preparations were made by the method of Merteiis et a! (1987), 

leaving out the final DTT and N-lauroyl sarcosinate incubation and centrifugation steps. The 

relative concentration of the BTV antigens produced was determined using a mouse monoclonal 

antibody directed against an epitope of the BTV core surface protein, VP7 (MAb 20E9/G7/E2, Lunt 

ci a!, 1988a). The semi-purified virus preparations were incubated overnight in 1% SDS to expose 

the virus cores and solubilise the viral proteins, diluted in ELISA coating buffer at 8 dilutions up to 

1:8,000, and used in an ELISA (see ii, below). The first antibody added was the MAb 20E9 at 

1,000, and the second antibody was horseradish peroxidase (HRP)-conjugated sheep anti-mouse 

(Silentis, Melbourne, Aust.), used at 1:5,000. The substrate and colour reagent were hydrogen 

peroxide and tetrarnethylbenzidine (TMB) respectively. The results were graphed, and from the 

graph dilutions of each BTV antigen were chosen that gave approximately equal reactivity with the 

MAb. Mock-infected cell culture controls were included. 

E.coli antigen was prepared using DH5a strain, containing a pGEX-2T plasmid with no 

insert. A 51-n1 overnight culture was pelleted by centrifugation, resuspended in PBSA, sonicated and 

centrifuged. The pellet was resuspended in 500tl PBSA with 1% SDS. 

Purified GST was prepared from the DH5c E.coli with the pGEX-2T plasmid, by affinity 

purification using the method of Smith and Johnson (1988). 
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ELISA techniques 

Indirect ELISA 

For the indirect ELISA a 96 well microtitre plate was coated with the antigen diluted in 

ELISA coating buffer, and incubated for 1 hour at 37°C on a shaking platform. The wells were 

given 3 x 1 minute washes with PBST before addition of the antiserum, which was diluted in 

PBST containing 1% skim milk powder (SMP) to block non-specific binding. After incubation and 

washing as before, an anti-species antibody conjugated to horseradish peroxidase (HRP) was added 

to detect bound antibody. After a further incubation and washing cycle the substrate, hydrogen 

peroxide, and colour reagent, tetramethylbenzidine (TMB), were added. The plate was incubated for 

10 minutes at room temperature to allow the colour reaction to proceed, and the reaction was 

stopped by adding IM sulfuric acid (H7SO4). Plates were read at 450nm on a Bio-Rad Model 2550 

EIA Reader, and the data analysed using ELlSAGuide Software (Monoclonal Systems, 1989.). All 

anti-species HRP-conjugated antibodies used in ELISAs were from Silenus, and were used at 

1:2,000 dilution. 

Capture ELISA 

For the capture ELISA whole virus in tissue culture supernatant (TCSN) was added to 

wells coated with test antiserum, then a virus-specific, second antibody was added to bind to 

captured virus, followed by an enzyme-conjugated, anti-species antibody to enable detection. 

Specifically, the ELISA was done in 96 well microtitre plates which were coated with the 

antiserum, diluted as required in ELISA coating buffer. After incubation for I hour and washing as 

above, virus-infected TCSN was added, diluted in 1% SMP in PBST, and incubated for 1 hour, 

then washed. The second antibody was added (diluted in 1% SMP in PBST), incubated and washed 

as before. The addition and detection of the HRP-conjugated anti-species antibody was as described 

for the indirect ELISA 

Probing of Western Blots. 

Proteins, transferred to nitrocellulose membranes as described in section 2.2.8.iii, were 

probed with antibodies to react with specific antigenic epitopes, prior to the addition of a second, 

conjugated antibody to give a visible product. 

To block the binding of non-specific serum proteins to the nitrocellulose, the membranes 

were soaked in TBST containing 5% SMP for I hour at room temperature on a rocking platform, 

or overnight at 4°C. The primary antibody was diluted in the 5% SMP solution, added to the 

membrane in a heat sealed, plastic pouch and incubated for 1 hour at room temperature. After 

washing with TBST, an anti-species HRP-conjugated antibody was added, diluted in 5% SMP. 
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Following incubation and washing, the substrate, hydrogen peroxide, and colour reagent, 3,3'- 

diaminobenzidine (DAB), were added. The colour reaction was allowed to proceed for 10 minutes 

then stopped by washing with water, and the membrane air dried. 

Three different polyclonal BTVI antisera were used in Western blots. These antisera were 

all reference sera raised at AAHL, using the method described by Luntel a!, (1988b). They were: 

bovine anti-BTVI (V33), used at 1:50 dilution; rabbit anti-BTVI used at 1:200; and sheep anti-

BTVI used at 1:20. Anti-species conjugates were from Silenus and were used at 1:200 dilution. 

Fluorescent antibody testing of virus-infected cells 

BHK-21 cells were grown on sterile cover slips for 24 hours until about 80% confluent. 

The culture medium was aspirated and 200p1 of virus TCSN added to each coverslip and allowed 

to infect for 1 hour, before adding fresh medium. Mock infected controls were prepared by adding 

200pi of uninfected cell culture medium instead of virus supernatant. After 24 hours incubation the 

coverslips were rinsed with PBSA, then fixed in ice-cold methanol for 3 minutes and air-dried. For 

staining, the coverslips were dipped into PBSA containing 1% bovine serum albumin (BSA) and 

placed onto damp blotting paper. The test antisera used were the rabbit preinoculation serum and 

the recombinant antiserum. As controls, a GST antiserum (raised at AAHL in rabbits, using affinity 

purified GST) was used to demonstrate any background reaction of the anti-GST component of the 

recombinant antiserum with the cells, and the VP7 MAb, (20E9/G7E2, Section 2.2.10.) was used to 

confirm that the cells were infected with virus. All the antisera were used at 1:10 and 1:50 dilutions 

in PBSA containing 1% BSA, and the recombinant antiserum was also used at 1: 100 and 1:500. 

Antiserum (40111) was added to each coverslip before incubation at 37°C for 30 minutes. After 3 x 

3 minute washes in PBSA with 1% BSA, 40lil of fluorescent-labelled anti-rabbit antibody (Silenus) 

diluted 1:32 in PBSA with 1% BSA, was added and incubated for 30 minutes. The coverslips were 

washed three times as before, drained and inverted over a drop of glycerol in PBSA (1:9) onto a 

microscope slide. Slides were examined and photographed using a Reichert-Jung Polyvar 

fluorescent microscope and camera. For best results the complete fixing, staining and recording 

procedure was done on the same day. 

Electron microscopy - Grid Cell Culture Technique (GCCT) 

The GCCT was used to give a quantitative comparison of the affinity of the recombinant 

antiserUill for different BTV serotypes. The procedure used was as described by Hyatt e/ a! (1987). 

Briefly, BHK cells were grown on carbon-coated, Parlodion-filmed, gold grids until 5-10% 

confluent, infected with the virus and incubated for 18 hours. The cells were washed in PBS, rinsed 

with 100% ice-cold methanol, blocked with 1% fish gelatin (Sigma) in PBS, and incubated with the 

rabbit recombinant antiserum at four 2-fold dilutions from 1:10 to 1:80, for I hour at room 
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temperature. After washing, the grids were incubated with lOnm gold-labelled goat anti-rabbit 1gG 

(Auroprobe, Amersharn) diluted 1:40, for one hour. After washing again, the cell cultures were 

fixed with 2.5% glutaraldehyde in PBS, then negatively stained with 2% phosphotungstic acid. The 

procedure was also done without the methanol rinsing step. The grids were viewed with an Hitachi 

1-1600 scanning transmission electron microscope at 50kv. 

With this method, progeny virus particles released from infected cells were adsorbed onto 

the grid and could be clearly visualised after negative contrast staining, against a clean background, 

with the bound gold probes visible as dense spots. Photographs of ten fields were taken, and the 

number of gold particles bound per virus or per clump of virus particles was counted from the 

photographs. 
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2.3. Results 

2.3.1. Production of the pGEX-2T BTV1 RNA2 clones. 

pGEX-2T vectors containing the defined insert of BTVI RNA2 were produced before the 

start of the current study by Dr Allan Gould and Ms Christine Duch, and glycerol stocks of the 

transformed E.coli were made available. For completeness, the construction of the clones is 

described here. 

To produce the pGEX-2T clone containing the BTVI sequence coding for the region of 

interest of VP2, the sequence was first defined and amplified by PCR, then cloned into pUC19. 

eDNA from both BTVI and BTV23 was used, in separate reactions. The PCR of BTVI with 

primers p609 and p610 should result in a product of 348 base pairs (see 2.2.3.111 and Appendix B). 

BTV23 was not expected to give a product with these primers. 

I tl of the PCR reaction mixture was subjected to electrophoresis on a 1% agarose gel, 

stained with ethidium bromide, and visualised under UV light. Bands of the expected size were 

present for both BTVI and BTV23. 

The remainder of the PCR reaction mixture was purified from a 1% agarose gel after 

electrophoresis, using the Geneclean kit, and ligated into pUC19 cleaved with restriction enzyme 

Smal to give blunt ends. PCR was used to screen E.coli JMIOI transformants as described in 

2.2.4.vi. Colonies grown from transformed cells were expected to give a product of about 450 base 

pairs in this PCR, and the results are shown in Figure 4. Colonies that were positive by PCR were 

inoculated into 2YT medium containing 50tg/ml ampicillin and grown overnight with shaking at 

3 7°C. 

As described in Figure 4, two clones with inserts from BTVI and two clones from BTV23 

were chosen, and the plasmids were extracted and purified, using a 'mini-prep' technique, from 

overnight bacterial cultures. Each plasmid was digested with EcoRl to release the BTV fragment, 

then analysed by electrophoresis in a 1% agarose gel. The band of insert DNA was cut out of the 

gel, purified using the Geneclean procedure and subcloned into the pGEX-2T vector for protein 

expression. 

Cloning into the pGEX-2T vector and transformation of competent Ecoli strain HBI 01, 

were as described in 2.2.4. Screening was performed by PCR and the results are shown in Figure 5. 

The primers used should result in a PCR product only from bacteria carrying the plasmid with the 

insert in the correct orientation for expression. Four colonies were chosen which showed a PCR 

product of the expected size (400 base pairs), and these were cultured overnight in 2YT medium 

with 50ig/ml ampicillin. Glycerol stocks were made and stored at -80°C. These stocks were made 

available at the start of the current project. 
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Figure 4: 2% agarose gel, stained with ethidium bromide, showing the products of PCR screening using primers l. SP 

and RSP, of recombinant pUCl9 with BTV RNA2 (cDNA) inserts. Colonies grown from transformed cells should give 

a product ofabout 450 base pairs with these primers. A) pUCl9 with BTVI inserts. B) pUClQ with BTV23 inserts 12 

clones were screened for each BTV serotype. BTVI clones 7 and 8, and BTV23 clones 9 and 10 were chosen for 

EcoRi digestion and subcloning to pGEX-21. DNA size marker was phage 1 DNA digested with AvaIl (Photograph 

courtesy of Christine Duch). 
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Figure 5: 2% agarose gel, stained with ethidium bromide, showing the results of PCR screening using pnmers p60Q and 

GEX5, of recombinant pGEX-2T clones. Inserts were subcloned from: A) BTV1 pUCl9 clone 7: B) BTVI pUClQ clone 

8: C) BTV23 pUC19 clone 9-1  D) BTV23 pUC 19 clone 10 (see Figure 4). Clones chosen for further characterisation were: 

A) 7(8), B) 8(4); C) 9(6); D) 10(7). (Photograph courtesy of Christine Duch). 



2.3.2. Confirmation of the identity of the clones. 

Although the clones had been screened by PCR for the presence of an insert, the identity of 

the insert had not been characterised. This was done by DNA sequencing of the inserts, and by 

checking which of the clones expressed a protein. The expressed protein was then probed in a 

Western Blot, to see whether it was recognised by polyclona! BTV reference antisera. 

i. Sequencing of the clones. 

Four recombinant pGEX-2T plasmids, numbered 7(8), 8(4), 9(6) and 10(7) (see Figure 5) 

were sequenced, and the results showed that: 

clone 7(8) contained the expected nucleotide sequence (309 nucleotides) of the complete BTVI 

RNA2 insert. 

clone 9(6) contained the nucleotide sequence of the BTVI RNA2 insert except for three single 

nucleotide changes. Only one of these changes would result in a change in the deduced amino acid 

sequence of the expressed peptide. 

clone 8(4) contained a shortened fragment of the BTVI RNA2 sequence, of only 208 base pairs. 

The fragment was missing about 100 base pairs at the 3' end. 

clone 10(7) contained no BTV RNA2 insert, but appeared to contain different fragments of the 

pGEX-2T vector that had combined to form an insert. The complete insert was not sequenced for 

this clone. 

In summary, the clones that were thought to have derived from BTV23 RNA2 (clones 9(6) 

and 10(7)), were in fact from BTVI. Only two of the clones selected would be expected to express 

a protein of the right size. The deduced amino acid sequences of the expressed peptides from 

clones 7(8) and 9(6) would vary by a single amino acid, an asparagine to aspartate substitution 

(Appeiidix B). 

ii. Expression of the fusion protein 

The fusion protein was expressed from each of the four clones, by induction with IPTG as 

described in 2.2.7.i. Both the supernatant and pellet were kept for each sample, and examined by 

SDS-PAGE. 

The results are shown in Figure 6. A large amount of a protein of the correct molecular 

weight was expressed by only two of the induced clones, 7(8) and 9(6), as expected. The insert 

codes for a peptide of 102 amino acids, with an expected molecular weight of about 12.3kDa 

(calculated using the COMPOST program of Prof. K. Biemann and Dr I.A. Papayannopoulos). The 

molecular weight of the Schisiosoma japonicuni GST is 26.lkDa, so the expressed fusion protein 
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Figure 6: 12% SDS-polyacrylaniide gel stained with Coomassie Bkie, showing expression of the 

GST-fusion protein following IPTG induction of E. co/i containing 4 different pGEX-2T clones. 

Cells were lysed by sonication and the separated supernatant and pelleted loaded for each 

sample. I) uninduced control - supernatant 2) uninduced coiitrol - pellet 3) 7(8) supematant 4) 

7(8) pellet ) 8(4) supematant 6) 8(4) pellet 7) Q(6) supematant. 8) 9(6) pellet, 9)  10(7) 

supeniatant. 10) 10(7) pellet II) Low range molecular weight (NI\V) marker (Bio-Rad) 



should be 38.4kDa. (The complete amino acid sequence of BTVI VP2, with the VP2 peptide 

sequence marked, is given in Appeiidix B). 

All the following experiments were performed with the recombinant pGEX-2T vector 

carrying the insert coding for the correct BTVI VP2 fragment (ie: clone 7(8)). 

Probing of the expressed peptide by Western Blot 

Three different polyclonal BTVI antisera, detailed in 2.2.10.111', were tested against the 

expressed protein from clone 7(8). None of the polyclonal antisera bound to the expressed protein. 

There was some background binding to E.coli proteins, but it could be expected that the animals 

used for production of the reference antisera had previous exposure toE.coli antigens. 

2.3.3. Attempts to solubilise and purify the fusion protein. 

The problem 

As shown in Figure 6, almost all the expressed protein was in the pellet, so it was 

considered to be mainly insoluble under these conditions. As already described, the pGEX vectors 

are designed to use a simple, single-step affinity purification process to separate and purify the 

expressed fusion protein. However, this system requires that a significant amount of the fusion 

protein is present in the supernatant after lysis of the bacterial cells. Insoluble proteins need to be 

solubilised before they can be applied to the glutathione-agarose beads. Pharmacia Biotech, who 

now market the pGEX system, describe several ways to increase the solubility of expressed proteins 

(GST Gene Fusion System, Pharmacia). 

As well, Frangioni and Neel (1993) studied the pGEX expression system and found that 

many GST fusion proteins are completely or partially insoluble when released by the technique 

described. They developed a protocol for the purification of some of these otherwise insoluble GST 

fusion proteins, using an anion ic detergent, N- laurylsarcosine (Sarkosyl). Subsequent treatment with 

the nonionic detergent Triton X-IOO allowed the solubilised fusion proteins to bind to the 

glutath ione-agarose beads for purification. 

Most of the suggested methods were tried, and the results are summarised below. 

Time course of expression, and expression at reduced temperature 

To determine whether the solubility of the fusion protein varied with the length of time 

after induction of expression and hence the concentration of expressed protein in the cell, a time 

course experiment was performed. E.coli containing the recombinant pGEX-2T was grown and 

induced as described. An aliquot was removed before induction, and further aliquots at half hour 

intervals after induction, and treated by sonication to lyse the bacteria. The experiment was 
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repeated, with bacterial growth and induction at 30°C. Samples of the pellet and supernatant for 

each time interval were analysed by SDS-PAGE, and the results are shown in Figure 7. They show 

that from the initiation of expression, at both 37°C and 30°C, the fusion protein was largely 

insoluble. 

iii. Other solubilisation experiments 

Various methods of bacterial cell lysis were compared, including the use of lysozyme, and 

both microtip and bath sonication, with no improvement in protein solubility. 

The techniques described by Frangioni and Neel were used and the results analysed by 

SDS-PAGE. Both the pellet and supernatant were very viscous and difficult to separate and pipette. 

Some of the fusion protein was solubilised by this technique, but because of the difficulty in 

separating the supernatant from the pellet it was not possible to be determine the relative amounts. 

The supernatant was too viscous to mix with the glutathione-agarose beads. 

Several modifications of the method were tried, including different concentrations of 

Sarkosyl (0.5%, 1%, 1.5% and 2%), and the addition of a DNAase I digestion step in case the 

viscosity was due to nucleic acids, but with 110 improvement in the resulting products. 

Other organic and inorganic solvents were tested They included: 1% NP40 (nonylphenyl-

polyethylene glycol); 1% SDS; 2% formic acid; 2% DMSO; 2% DF; 2% deoxycholate; 8M urea. 

With the exception of l% SDS, no significant solubilisation of the fusion protein occurred with any 

of these solvents. Using 1% SDS and heating the mixture to 50°C resulted in about 50% 

solubilisation of the peptide. However, no fusion protein was obtained when this solution was 

mixed with glutathione-agarose beads. Figure 8 shows the results of washing the induced cell pellet 

to determine how much of the cellular proteins could be removed, as well as attempts to solubilise 

the fusion protein with 1% NP40 and with 1% SDS. 

2.3.4. Extraction of the fusion protein in denatured form. 

Since none of the methods tried were successful in solubilising and isolating a significant 

amount of the fusion protein, it was decided to extract the protein in insoluble, denatured form by 

elution from all SDS-polyacrylarnide gel after electrophoresis. Aliquots of the resulting eluted 

protein were analysed by SDS-PAGE and the results are shown in Figure 9A. A large amount of 

purified protein of the right size was recovered. 

Purification of the fusion protein ill this way meant that it was denatured. An attempt was 

made to resuspend and renature sufficient of the protein to react with thrombin and release the VP2 

peptide. The protein was precipitated with acetone and the pellet resuspended in thrombin buffer 

and incubated with thrombin at room temperature for 30 minutes. An aliquot was examined by 
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Figure 7: Two I 2°/o SDS-polyacrylamide gels stained with Coomassie Blue, showing a time 
course of expression of the fusion protein from clone 7(8), at A) 37°C and B) 30°C. E.coli 

containing the recombinant pGEX-21 were induced with IPTG, and aliquots were taken at half 
hour intervals, sonicated, centrifuged and the pellet and supematant separated. For both gels: 1) 
and 2) uninduced Ecoli, pellet and supernatant respectively 3) and 4) pellet and supematant 30 
minutes post-induction 5) and 6) pellet and supematant 60 minutes post-induction; 7) and 8) 
pellet and supematant 90 minutes post-induction; 9) and 10) pellet and supematant 120 minutes 
post-induction; II) and 12) pellet and supematant 180 minutes post-induction; 13) Low range 

MW iiarker (Bio-Rad). 
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Figure 8: 12% SDS-polyacrylamide gel, stained with Coomassie Blue, showing attempts to 

solubilise the GST-fusion protein expressed by clone 7(8). 1) induced pellet; 2) PBS wash of 

induced pellet; 3) washed pellet; 4) pellet after mixing with 1% NP40, then centrifuging; 5) 
supematant from (4); 6) pellet after mixing with 1% SDS at 50° C for 2 minutes, then 

centrifuging; 7) supematant from (6) 8) low range MW marker (Bio-Rad). Although about 500/0 

of the fusion protein was solubilised in I0/o  SDS it was not in a suitable form for affinity 

purification 
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Figure 9: A) 12% SDS-polyacrylamide gel, stained with Coomassie Blue, showing four samples 
of the eluted GST fusion protein. Lanes 1-3) fusion protein eluted in elution buffer; 4) fusion 
protein eluted in distilled water; 5) low range MW marker (Bio-Rad) B) 15% 
SDS-polyacrylamide gel, stained with Coomassie Blue, showing the results of incubating the 
fusion protein with thrombin. I) eluted fusion protein; 2) thronibin-cleaved fusion protein. Small 
arrow indicates cleaved GST. Large arrow indicates cleaved VP2 peptide; 3) thrombin 4) low 
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SDS-PAGE and the results are shown in Figure 9B. Some of the fusion protein appeared to have 

cleaved, giving a band at about 26kDa (the GST) and a band below the 1 8.5kDa marker. There was 

also a band for the thrombin at about 35kDa. 

An attempt was made to extract the band of cleaved peptide by elution from the gel after 

electrophoresis. The band was not visible after KCI staining, but its position was estimated from the 

molecular weight marker. However, when an aliquot of the overnight elution was examined by 

electrophoresis, no peptide could be detected. This was assumed to be due to the low initial amount 

of the peptide present and the losses involved in the extraction method. 

At this stage it was decided to inject the complete denatured fusion protein into the rabbit 

to determine whether the VP2 peptide was recognised in this form. 

2.3.5. Rabbit inoculation 

Accordingly, the fusion protein was prepared by overnight elution from an SDS-

polyacrylamide gel. Before inoculation, an estimate of the fusion protein concentration was made, 

using two methods. Smith and Johnson (1988) calculated the yield of fusion protein by the 

absorbance at 280nm, using the relation 1A780= 0.5mg/mi, but this method was found to give 

variable results, even on the same batch of protein. In an alternative method, the relative 

concentration of the fusion protein was determined with respect to bovine serum albumin (BSA) 

standards (Pierce BCA Protein Assay Reagent). This assay was performed according to the 

manufacturer's directions and the results indicated a relative protein concentration of approximately 

0.41ng/ini. By this estimate, 40tg of the protein was used to inoculate the rabbit, as described in 

2.2.9. 

2.3.6. Testing of the recombinant antiserum 

i. Testing by ELISA 

Initially an indirect ELISA was used to determine whether the recombinant antiserum 

recognised BTV I and, if so, whether it reacted more strongly with BTV 1 than with other BTV 

serotypes. Results of the ELISA (shown in Figure 10) indicated that the recombinant antiserum 

only bound very weakly (if at all) to the semi-purified whole virus antigen preparations. 

A capture ELISA technique was also tried, with similar results. The recombinant antiserum 

was used to coat the plates and whole virus added in tissue culture supernatant. The antiserum did 

not bind BTVI or any other BTV serotype. As a variation of the method, a monoclonal antibody 

(MAb 20E9) was used to coat the plates and bind virus, and the recombinant antiserum added as 
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Indirect ELISA: recombinant antiserum 
tested against 4 BTV serotypes. 
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Figure 10: Results of the indirect ELISA. Semi-purified preparations of four BTV serotypes, 

BTV 1, BTV'), BTV 16. and BTV21 were used to coat the plates, and the recombinant rabbit 

antiserum added at serial 1:2 dilutions as shown. The results were graphed. A positive control 

polyclonal rabbit BTV I antiserum was used at 1:2,000 dilution and gave all OD reading of 

between 0,6 and 1.0 with the virus antigens. Pre-inoculation rabbit serum gave all OD reading of 

approximately 0. I with the virus antigens. An uninfected cell control antigen gave a reading of 

between 0.1 and 0.2 with all the antisera used, and a negative control antigen (PBS) gave a 

reading of about 0.1 with all the antisera. These results show that it was not possible to 

differentiate between the reaction of the recombinant antisera with the virus antigens and with 

the controls. 



the second antibody, but with this system the recombinant antiserum appeared to bind strongly to 

the MAb, masking any possible binding to BTV. 

ii. Western Blots 

Two Western Blots were done: the first to determine whether tile recombinant antiserum 

bound to the expressed BTVI VP2 peptide; and the second to determine whether the antiserum 

reacted with VP2 in semi-purified, whole virus preparations of BTVI and the other Australian 

serotypes of BTV. 

Reaction of the recombinant antiserum with the BTV1 VP2 peptide 

A sample of the fusion protein after elution from an SDS-polyacrylamide gel was 

precipitated with acetone and resuspended in thrombin buffer. Thrombin was added and the mixture 

incubated at 37°C overnight, then I 0d of the sample used for SDS-PAGE and trallsferred to 

nitrocellulose. The proteins were probed with tile rabbit pre-inocuiation serum; the rabbit 

recombinant antiserum; and BTVI bovine reference antiserum, all at 1:20 dilution. The results are 

shown in Figure 11. One SDS-polyacryiamide gel was retained for staining, and although the VP2 

peptide is not visible with Coomassie Blue, in the Western Blot the recombinant antiserum shows a 

definite reaction with the cleaved VP2 peptide as well as with GST and the remaining uncleaved 

fusion protein. None of the other antisera tested produced a visible reaction in this test. 

Reaction of the recombinant antiserum with all the Australian BTV serotypes 

Semi-purified preparations of all eight Australian BTV serotypes were made, as well as a 

mock-infected, cell control preparatioll. After transfer to nitrocellulose membranes, the proteins 

were probed with the rabbit recombinant antiserum at 1:5 dilution, or with polyvalent rabbit BTVI 

antiserum. VP2-specific monoclonal antibody (MAb 31D8/Al2/D2, White and Eaton, 1990) was 

used as a control to locate the VP2 band. The results are shown in Figure 12. The polyvalent 

reference antiserum reacted with all the BTV serotypes as well as with many non-specific cellular 

antigens. The recombinant antiserum reacted strongly with the VP2 of BTVI and less strongly with 

the VP2 of at least four other BTV serotypes. The recombinant antiserunl showed no non-specific 

binding with other virus or ccli proteins. 

iii. Immunofluorescent antibody testing 

The Western Blot (described above) showed that the recombinant antiserum recognised 

VP2 specifically when reacted with semi-purified BTV preparations. The antiserum showed higher 

affinity for the VP2 of BTV I than for other BTV serotypes, although there was some cross-reaction 

with at least four other serotypes. To test whether tile antiserum could recognise BTV in infected 
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Figure 11: A) 15% SDS-polyaciylamide gel stained with Coomassie Blue. 1) clone 7(8) induced 
pellet; 2) eluted fusion protein; 3) (JST fusion protein after incubation with thrombin; 4) affinity 
punfied GST; 5) thronibin; 6) low range MW marker (Bio-Rad). B) Western blot of an identical 
gel to that in (A), probed with the recombinant antiserum at 1:20 dilution. The recombinant 
antiserum recognised both the cleaved GST (small arrow) and the cleaved VP2 peptide (large 
arrow). The amount of cleaved peptide was very low with this preparation, and a band for the 
cleaved peptide was not visible on the Coomassie Blue stained gel. 



Figure 12 A and B. See over for legend. 
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Figure 12: Western blots after SDS-PAGE of semi-purified preparations of all 8 Australian BTV 
serotypes. A) Blot probed with polyvalent sheep BTVI antiserum at 1:20 dilution shows some 
virus protein bands as well as non-specific bands for all 8 serotypes. B) Blot probed with the 
recombinant antiserum at 1:5 dilution clearly shows a strong reaction with VP2 of BTVI and 
weaker reactions with at least four other serotypes. C) Western blot of the BTVI semi-purified 
antigen and uninfected cell control antigen with a BTVI VP2-specific MAb, to show the 
position of VP2. 



cells, and if so whether it showed any specificity for BTVI, immunofluorescent antibody testing of 

fixed, infected cells was done. 

BHK-21 cells infected with BTVI and BTV3, and mock-infected control cells, were fixed 

with methanol and stained as described in section 2.2.10.iv. The results showed that the 

recombinant antiserum did bind to both BTVI and BTV3-infected cells, with stronger binding to 

the BTVI-infected cells. Representative photographs of the results are shown in Figure 13. Cells 

infected with both serotypes had large, strongly fluorescing foci in the cytoplasm. These could be 

virus inclusion bodies, but Eaton et a! (1990) showed that aggregates of progeny virus particles, 

which label very strongly, also occur in the cytoplasm. Abundant labelled virus can be seen outside 

the cells infected with BTVI, but not outside the 13TV3-infected cells, although the BTV3-infected 

cells do have labelled virus in the cytoplasm. Eaton el a! (1990) suggested from 

ii-nmunofluorescence studies and immunoelectronmicroscopy, that there may be a reorganisation of 

the outer coat proteins as the virus is released. The recombinant antiserum in this case may bind 

more strongly to BTV3 before this maturation than afterwards. 

iv. Immuno-clectron microscopy 

The grid cell culture technique (GCCT) was used in an attempt to quantify the degree of 

serotype-specificity of the recombinant antiserum for BTVI, compared to another BTV serotype. 

Cells were grown on grids as described in 2.2.10.v and infected with either BTVI or BTV3. The 

grids were fixed, stained and viewed as described. No labelling of virus occurred when the 

methanol rinsing step was not included. The 1:40 dilution of the recombinant antiserum was found 

to give the best labelling of virus after methanol treatment and this was the dilution used for the 

photographs. Photographs of 10 fields were taken for each serotype, and the number of clumps of 

virus particles and the gold labels per clump were counted. For each clump, the average number of 

gold labels per virus particle was calculated for the two serotypes. For BTVI (n = 141 clumps of 

viruses) the mean ± one standard error was 2.4 ± 0.14 gold probes per virus, compared to 0.97 ± 

0. II probes per virus particle for BTV3 (n = 69 clumps of viruses). A Student's t test was used to 

compare these results, which showed the difference in these values to be highly significant (o8= 

6.8, p < 0.0001). Representative photographs of BTVI and BTV3 showing binding of the gold 

labels are given in Figure 14. 
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Figure 13: Photographs of immunofluorescent antibody testing of BTV-infected cells. A) 
Bl-IK-2 I cells infected with BTVI and reacted with the recombinant antiserum at 1:50 dilution. 
Abundant labelled virus can be seen outside the cells (arrowheads), as well as strongly 
fluorescing foci within the cells (large arrows), which could represent either virus inclusion 
bodies or aggregates of virus in the cytoplasm. Fluorescent label that appears to be within the 
nucleus (small arrow) is actually in the cytoplasm overlying the nucleus. B) BHK-2 I cells 
infected with BTV3 and reacted with the recombinant antiserum at 1:50 dilution. Arrowheads 
indicate labelling of either virus aggregates in the cytoplasm or virus inclusion bodies. There is 
very little labelled virus outside the cells. 
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Figure 14:Transmission electron micrographs of representative sections of negatively stained 
gnd cell culture preparations. A) BTVI particles, adsorbed to the grid, were incubated first with 
the recombinant antiserum then with lOnm gold-labelled anti-rabbit IgG. The gold labels show 
as electron dense dots around the virus particles. Bar represents lOOnm. B) BTV3 particles, 
labelled as for A. Bar represents lOOnm. 



2.4. Conclusions 

Of the four recombinant pGEX-2T clones chosen for further investigatioli only one, clone 7(8), 

was shown to contain the correct BTV 1 insert, and this was the clone used for the subsequent peptide 

analysis work. The expressed GST fusion protein was found to be highly insoluble and none of the 

techniques tried were succesful in isolating and solubilisiiig the protein in native form. This meant that 

the entire fusion protein, in denatured form, was used as the antigen for antiserum production in a 

rabbit. The GST portion of the fusion protein was 224 amino acids, and the VP2 peptide was 102 

amino acids in length. 

The antiserum raised was tested by ELISA, Western Blot, immunofluorescence (IF) and 

i in In uno-electron in icroscopy (IEM) against the whole fusion protein, thrombin-cleaved fusion protein, 

native BTV and denatured BTV preparations. In addition, reference BTVI antisera were tested against 

the expressed fusion protein. The results are summarised in Table 6 (following page). In Western Blots 

the recombinant antiserum was shown to react with both GST and cleaved VP2 peptide, as well as with 

BTV VP2. Proteins in a Western Blot are SDS-treated, and therefore denatured. Reference BTVI 

antisera did not recognise the fusion protein in a Western blot. In ELISA, the recombinant antiserum 

did not react with whole virus. Using IEM, the recombinant antiserum was found to bind to BTV only 

after methanol treatment to denature the surface proteins. 

In summary, the recombinant antiserum was shown to react with at least some serotypes of 

BTV, providing the virus was suitably prepared. Further, in both IF and IEM (GCCT) tests, the 

recombinant antiserum was shown to have a greater affinity for BTVI compared to BTV3. The 

differences in affinity obtained by IEM were statistically significant. 
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Table 6. Results of testing of the GST-fusion protein and the recombinant antiserum. 

Test Antigen Antiserum Result 

Indirect semi-purified BTVI, recombinant no binding to viral antigen 

ELISA BTV3, BTVI6, BTV21 

Capture whole BTVI, BTV3, recombinant no binding of virus 

ELISA BTVI6, BTV2I (TCSN) 

Western plot GST-VP2 fusion protein Bovine, ovine and no binding to fusion 

rabbit reference protein 

BTVI antisera 

GST-VP2 fusion protein recombinant bound to fusion protein 

throm bin-cleaved G ST recombinant bound 

thronibin-cleaved VP2 recombinant bound 

peptide 

semi-purified BTVs (all 8 recombinant bound to VP2 of at least S 

Australian serotypes) serotypes., with greatest 

affinity for BTVI 

lmrnuno- methanol-fixed BTVI or recombinant bound, with greater 

fluorescence 13TV3-infected cells affinity for BTVI 

Immuno- BTVI or BTV3-infected recombinant no binding 

electron- cells 

microscopy 

(GCCT) BTVI or BTV3-infected recombinant bound, with greater 

cells. Methanol treated affinity for BTVI 
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2.5. Discussion 

Many studies on the purification of peptides expressed in E.coli have been done. Review 

articles by Marston, (1986 and 1987) discuss the expression of foreign proteins in E.coli using 

genetically engineered plasmid vectors. It appears that in the majority of cases, foreign gene sequences 

expressed directly or as fusion proteins inE.coli are insoluble. Many techniques have been devised to 

solubilise such proteins, and to do so in a way that retains or recovers their native form. A wide variety 

of different protein expression systems have been developed, and many of the techniques devised for 

protein extraction are empirical, and specific only for a particular system or gene product. 

The pGEX expression system was first described by Smith and Johnson (1988) who found that 

36 out of 47 polypeptides tested were soluble. However, when Frangioni and Neel (1993) studied the 

pGEX system they found that many of the GST fusion proteins were completely or partially insoluble. 

They developed a protocol to solubilise some of these otherwise insoluble proteins, but made the 

comment that the method will not work for all GST fusion proteins. Pharmacia Biotech who now 

market the pGEX system (as the GST Gene Fusion System) also give many suggestions for solubilising 

the fusion proteins. In the current study, where about 100 amino acids of BTVI VP2 were expressed 

as a GST fusion protein, no successful method of solubilisation and purification was found. 

The VP2 peptide portion of the fusion protein was 102 amino acids in length, extending from 

amino acid 275 to 377 (with respect to BTVI VP2 amino acid sequence). It included the highly 

variable region delineated by Gould and Eaton (1990) of amino acids 3 17-335, flanked by two 

conserved regions covering amino acids 279-292 and 357-371. Both of these conserved regions contain 

a cysteine residue. Studies using neutralising-MAb escape variants of BTV have shown that multiple 

neutralisation epitopes are present on VP2 (White and Eaton, 1990). Seven neutralising MAbs were 

investigated and all were shown to bind to different but mutually-interacting sites, some within the 

highly variable region of 19 amino acids (3 17-335) but others in different regions of VP2. Only one 

of these MAbs bound to VP2 in a Western Blot however, indicating that only one MAb recognised 

a linear rather than a conformational epitope. It is suggested that there may be a large, 

conformationally-dependent antigenic domain on VP2 to which multiple epitopes from different regions 

of the protein contribute. The region from amino acids 3 17-335 is may play a major role in this 

antigenic domain, and the two flanking conserved regions are considered to be important in the 

conformation or presentation of the variable region. It was hoped that the inclusion of these conserved 

regions and the presence of the two cysteine residues in the 102 amino acid region expressed in this 

project would result in the peptide folding into a conformation similar to that of the native protein. If 

this region does contain serotype-specific epitopes, then it was possible that the antiserum produced 

to the peptide would be serotype-specific. 
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Because the fusion protein proved to be insoluble it could not be isolated and purified without 

denaturing, nor was it possible to cleave a significant amount of the VP2 peptide from the GST. This 

prevented the potential serotype-specific epitopes being presented in native form, and reduced the value 

of the peptide as an immunogen. The fact that the recombinant antiserum only recognised denatured 

VP2 is consistent with its method of production. Similarly, the expressed fusion protein was not 

recognised by reference polyclonal BTV I antisera. The MAb that reacted with the cleaved VP2 peptide 

in a Western blot (MAb 31D8/Al2, section 2.3.6.) was the only MAb shown to react with a linear VP2 

epitope in the study by White and Eaton (1990). 

Given the problems with production and purification of the VP2 peptide, the results from the 

IEM (GCCT) were encouraging. They showed that the recombinant antiserum did have a significantly 

greater affinity for BTVI than BTV3 once the virus was methanol-treated to denature the surface 

proteins. This result was supported by the Western blot of the recombinant antiserum against all the 

Australian BTV serotypes, and by the IF test. ELISA test results were consistent with the inability of 

the recombinant antiserum to recognise native virus. 

These results suggest that it may be possible to produce a serotype-specific reagent using this 

procedure, if an expression system can be found to produce soluble peptide in a more natural 

conformation. One problem that still may reduce the serotype-specificity of the antiserum raised is 

related to the length of the VP2 peptide. There may be epitopes present in the two conserved regions, 

or in other areas of the 102 amino acid peptide, that will result in antibodies that cross-react between 

serotypes. However, shortening the fragment to include just the variable region would reduce the 

chance of it folding to an approximately natural shape. Also, it has been shown that neutralisation 

epitopes present in one BTV serotype may be present but not involved in neutralisation in another 

serotype, and this could be a source of cross-reaction. 

To be valuable as a diagnostic and research reagent, the recombinant antiserum should be 

suitable for use in a rapid, cheap and robust test that will detect serotype-specific antibodies in serum. 

There are several techniques available for serotyping once a BTV has been isolated and grown in cell 

culture. These methods include the classical serological techniques, as well as newer methods such as 

PCR and IEM. A serotype-specific antiserum would obviously be valuable for these tests also, but it 

is anticipated that an important use would be in a test such as a blocking ELISA, to identify the 

presence of serotype-specific antibodies in serum by blocking the binding of a test serum to a particular 

BTV serotype antigen. This would be a simpler, quicker and cheaper way of detecting and monitoring 

the presence of particular BTV serotypes, than having to isolate virus. Obviously, specific reagents for 

each of the Australian serotypes, or at least the most commonly identified ones, would be required. 

Once a successful system has been devised for one serotype, then it may be possible to modify that 

for the other serotypes. 
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3. Characterisation of Wongorr Virus, and the identification of some other 

Australian Orbiviruses, using molecular techniques. 

3.1. Introduction 

3.1.1. Arbovirus identification in northern Australia 

A major centre for the isolation and characteristion of arboviruses in northern Australia is the 

Berrirnah Agricultural Research Centre (BARC) in Darwin. Many arboviruses present in Australia were 

first isolated at BARC as a result of sentinel herd monitoring and insect trapping in the Top End of 

the Northern Territory and Western Australia (St George, 1980; Gard et al, 1988). A program is 

currently underway at BARC to improve the capacity of the virology laboratory to classify virus 

isolates at least to family level and possibly to genus, by using electron microscopy (EM), and 

molecular techniques, as well as by extending the current serological tests. As a result of work by 

Richard Weir at BARC, 260 viruses out of a collection of 307 unindentified arboviruses isolated over 

the years 1982 to 1992 have recently been identified to genus level (Richard Weir, pers. comm.). These 

include arboviruses of the families Bunyaviridae, Rhabdoviridae and Reoviridae. This work has been 

done in collaboration with Dr Alex l-lyatt at the Australian Animal Health Laboratory (AAHL). Also 

at AAHL, an ELISA test for rapidly serogrouping the Orbiviruses has recently been developed 

(Blacksell ci a!, 1994) and this has been used in conjunction with the EM identification as a screening 

test to further classify the Orbiviruses. 

Of the previously uncategorised BARC viruses, 185 have been identified as Orbiviruses, and 

of these, 137 have been shown to be Wongorr virus (WV) isolates on the basis of EM and 

immunofluorescence (IF), using reference antiserum to MRM13443, the prototype WV held at the 

Centres for Disease Control (CDC), Atlanta, USA. The number of WV isolates and their frequency of 

isolation indicate that WV is regularly present in this region. 

3.1.2. History of Wongorr virus identification in Australia. 

WV was first isolated from the niosquito species Aedes lineatopennis trapped on 9/4/70 at 

Mitchell River, north Queensland. It was one of six previously unidentified viruses isolated in this 

region during 1969 and 1970 as part of a program to isolate and identify arthropod-borne viruses 

(Doherty et a!, 1973). When it was shown by CF tests, haemagglutination inhibition (HI) tests and 

serum neutralisation (SN) tests that these viruses were not related to any of the previously known 

arboviruses in Australia they were sent to the World Health Organisation (WHO) International 
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Reference Centre for Arboviruses, for comparison with the known world range of arboviruses, and all 

were shown to be new isolates not related to known arboviruses. Four of these viruses have since been 

classed as members of the genus Orbivirus. These are Wallal, Warrego, Mitchell River and Wongorr 

viruses. Wallal and Warrego viruses were put into new, separate Orbivirus serogroups. Mitchell River 

virus was initially placed in the Warrego serogroup (Bordenet at, 1971), but more recent work has 

shown this was not correct (Gonzalez and Knudson, 1988), and Mitchell River virus is currently an 

ungrouped Orbivirus. WV remained unclassified and ungrouped until 1989, when it was provisionally 

placed into a new Orbivirus serogroup, Wongorr, along with Picola virus (see Table 2.). This was as 

a result of an extensive study by Zelleret a/(1989a and 1989b) where more than 60 uncharacterised 

arbovirus isolates were investigated by EM and serological techniques. WV and Picola virus were 

shown by EM to be members of the family Reoviridae and by IF, CFT, and ELISA to be distantly 

related to Lipovnik (a Kemerovo virus) and probably not closely related to other Orbiviruses. 

Since the publication of the paper describing the original isolation and testing of WV in 1973 

there have been several records of its isolation from other regions of northern Australia and from other 

species of mosquitoes and Culicoides (see Table 7. for references). However, apart from the 

classification of the virus as an Orbivirus in 1989 no other published work on the characterisation of 

WV is available. Table 7. summarises the recorded isolations of WV. 

Table 7 Recorded Isolations of Wongorr Virus 

Insect species Number of Place of collection Date Reference 
isolations 

Aede.s lineatopennis (not given) Mitchell River, QId 1970 Doherty el at, 
1973 

Culex annulirosiris 2 Northern QId 1972-1976 Doherty et at 
1979 

Ac. normanensis 

Cx. annulirosiris 3 Ord valley, WA 1972-1976 Liehne ci al 
1981 

Ac. nornianensis 1 

C.Y. annulirosiris 7 Beatrice Hill, NT 1974-1976 Standfast ei at 
1984 

Culico ides 
pallidothorax 

Although the virus has never been shown to cause any clinical signs of disease in livestock, 

the fact that it is such a frequent isolate and is related to viruses that do cause disease make it worthy 
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of further investigation. As shown in Table 7, isolations of the virus have been made from both 

mosquitoes and Culicoides (Standfast et al, 1984). Cattle have been found to have antibodies to WV, 

and antibodies were also found at a low incidence in rnacropod sera (Dohertyet a!, 1973). 

3.1.3. Project summary. 

Seven of the BARC isolates that had been identified as Orbiviruses by EM were selected for 

further characterisatioii using molecular techniques. The viruses were grown in cell culture and an 

Orbivirus serogrouping ELISA was used to classify them. The results indicated that two of the viruses 

were Corriparta virus isolates; one was possibly related to Mitchell River virus; and four were WV 

isolates (see 3.3. Results). These WV isolates will be referred to throughout as the Berrimah WVs. The 

seven BARC viruses were purifed by limiting dilutions, and dsRNA profiles were made and compared 

to the profiles of representatives of other Orbivirus serogroups. The two suspected Corriparta virus 

isolates were used in PCRs with Corriparta serogroup-specific oligonucleotide primers, and the resulting 

products sequenced. This confirmed these two isolates as Corriparta virus. 

No molecular studies had been done on the Wongorr serogroup, so a sample of the prototype 

virus (the original isolate, MRM 13443, Dohertyet a!, 1973) was obtained, and grown in cell culture. 

The virus was purified by limiting dilutions and a dsRNA profile made. The RNA segment coding for 

the Orbivirus group-specific protein VP3 was randomly cloned into an Ml 3 vector and sequenced. 

Analysis of the sequence and comparison with other known Orbivirus VP3 sequences (Pritchard, 1993) 

enabled the relationship of Wongorr to the other Orbivirus serogroups to be more closely defined. 

Oligonucleotide primers specific for the RNA3 gene of prototype WV were designed, and used in PCR 

and for sequencing to compare the four Berrimah WV isolates with the prototype. The RNA3 of Picola 

virus was also sequenced, as well as one of the WV isolates from the study by Standfastei ai(1984), 

and an ungrouped Orbivirus, Paroo River, which has been shown from this work to be a WV. 

This study used molecular techniques rather than serological techniques to show relationships 

between these viruses, so it is not possible to call them all part of the Wongorr "serogroup', and no 

attempt has been made to serotype these isolates. Although these WV isolates do show some distinct 

groupings by sequence analysis it is not known if these groupings are reflected serologically. 
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3.2. Materials and Methods 

3.2.1. Viruses used in the study 

Reference Orbiviruses used were the stock prototype strains held at AAHL. Details are given 

in Table 8 (based on Blacksell et al, 1994). 

Table 8. Orbivirus reference strains used in the project 

Serogroup Serotype Isolate Reference 

BTV BTVI CSIRO 156 St George et al, 1980 

EHDV EHD2 CSIRO 439 St George et al, 1983 

Eubenangee Eubenangee CSIRO 34 Standfast et al, 1984 

Corriparta Corriparta MRMI Doherty et al, 1963 

Palyarn Bunyip Creek CSIRO 87 Standfast et al, 1984 

Marrakai CSIRO 82 Standfast et al, 1984 

DAguilar B81 12 Doherty et al, 1972 

Wallal Wallal CSlR044 Standfast et al, 1984 

Mudginbarry NT14952 Doherty et al, 1978 

Warrego Warrego CSIRO 12 Standfast et al, 1984 

Ungrouped Mitchell River Ch10434 Doherty et al, 1973 

The 7 BARC Orbivirus isolates are described in Table 9, and details of the other viruses 

investigated in this study are given in Table 10 (see over). 
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Table 9. Details of the seven Orbivirus isolates from BARC 

Virus Date Location of From (insect species) Passage history* 
isolate collected collection (at BARC) 

V 1 95 14/4/82 Darwin Anopheles meraukensis B - B - B - B 

V370 22/2/83 Palm Creek Culex annulirostris B - B - B - B 

V595 3 1/1/84 Darwin (]x. annulirostris A - H - B 

V654 11/4/84 Mataranka Aedes normanensis A - B - B - B - B 

V1447 21/1/88 Katherine (]x. annulirostris A - B - B - B - B 

V1449 24/2/88 Darwin Cx. annulirostris A - B - B - B - B 

VI 670 8/2/89 Katherine Cx. annulirostris A - B - B 

* Cell lines used A = Aedes albopictus 

B = BHK 21 

H = Hamster lung 

Table 10. Details of the other Orbiviruses studied in the project. 

Virus Reference Serogroup Collected Date of From: 
name number at: collection (insect species) 

Wongorr MRM13443 Wongorr Mitchell R, 9/4/70 Aedes lineatopennis 

virus QId. 

Picola PK 886 Wongorr Murray R, 10/2/74 Culex annulirostris 

virus Vic. 

Paroo GG668 Ungrouped Mildura, 
River virus NSW 

V199 V199 Unclassified Katherine, 
NT 

CS 131 V 13439 Unclassified Beatrice 
Hill, NT 

Feb. 1974 Cx annulirostris 

12/3/82 Cx annulirostris 

1974-76 Cx annulirostris 

* For the sake of clarity, the prototype WV isolate will be referred to as MRM 13443 throughout this 

report. 
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3.2.2. Virus growth in cell culture 

The reference Orbiviruses and the seven BARC isolates were obtained as tissue culture 

supernatants (TCSN) from growth in BHK cells. MRM 13443 was obtained in suckling mouse brain 

(SMB) from the Queensland Institute of Medical Research (QlMR) arbovirus collection, now held at 

the Queensland State Health Laboratory, and was passed into BHK cells by Richard Weir at BARC. 

TCSN from this was then passed into Aedes albopictus cells (Aa cells) before being passed again into 

BHK cells. CS 131 was originally isolated by Standfastet a! (1984) and was obtained as TCSN from 

stocks held at AAHL. Picola and Paroo River viruses were both isolated by I.D. Marshall and G.M. 

Woodroofe (Karabatsos, 1985) and were made available in SMB by Dr Ian Marshall from ANU. They 

were passed first into BHK cells, then into Aa cells, then back into BHK cells. TCSN working stocks 

of all viruses were kept at 4°C. 

BHK 21 cells (Clone 13, Vaccine strain) were used for all routine virus culture, in BME-based 

culture medium (Appendix A). Cells were passed 24 hours before infection and infected when about 

80% confluent. Virus TCSN was added and the flasks incubated at 37°C for I hour, then fresh medium 

added. Cells were checked daily for cytopathic effect (CPE). CPE was graded from 1+ to 4+ and 

described as focal, patchy or generalised. When cells showed 3+ to 4+ generalised CPE the TCSN was 

poured off and spun at 2,500 rpm for 10 minutes at 4°C. The supernatant was kept at 4°C for virus 

stocks. The flask was scraped and rinsed with PBS. After centrifuging again as above, the cell pellet 

was pooled with the pellet from the first spin, and the PBS supernatant discarded. Cell pellets were 

used for dsRNA extraction, and for the Orbivirus serogrouping ELISA. (The titre of virus in TCSNs 

used for cell infection was not routinely calculated, but the activity of the virus in the stock 

supernatants was generally sufficient to give 100% CPE in 48 hours). 

Aedes albopictus C6136 is a mosquito larval cell line (Singh, 1967). Cells are maintained at 

room temperature in BME-based medium (Appendix A). Aa cells show minimal changes (if any) when 

infected with Orbiviruses, and infected cultures were kept for 7-10 days, then the flask frozen and 

thawed to release virus. The lysed cells and medium were centrifuged at 2,500 rpm for 10 minutes at 

4°C and the supernatant passed onto BI-IK cells. 

3.2.3. Virus purification by limiting dilution 

Virus purification by limiting dilution was done in 96 well sterile microtitre plates. Wells were 

seeded with 0.2 x 106  BHK cells per well in 150sl medium. Serial 1:10 dilutions from 10 to 108  of 

the virus TCSN were made in medium, and 50sl per well added to the plate. One row of wells was 

used for each dilution, with the last 2 columns of wells left as controls. Fresh medium (50tl) was 

added to the control wells. Plates were incubated at 37°C and checked daily for CPE. After 4-5 days, 
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once the more heavily infected wells were showing 3+ to 4+ CPE, supernatants from wells with only 

one focus of CPE, or tIle dilution above that where 110 CPE was detected, were aspirated and used to 

infect 25cm2  flasks. The TCSN from one of these flasks was used in a second limiting dilution as 

before. The procedure was repeated for 3 limiting dilutions. After the final dilution the TCSN from the 

25cm2  flask was kept and used as the source of stock purified virus. 

A dsRNA profile of the virus before and after purification was produced, by separating the 10 

segments of RNA by electroplioresis through a 5% polyacrylamide-urea gel (section 3.2.5.), to check 

whether any visible change in the profile had occurred. 

3.2.4. Extraction of Orbivirus dsRNA from cell culture. 

Orbivirus dsRNA was extracted from infected BHK 21 cell cultures showing 2+ to 3+ CPE. 

To obtaiii a useful quantity of RNA, extraction was usually done from at least three 150cd tissue 

culture flasks. Cells were scraped and pelieted, resuspended in TNET buffer, and homogenised in a 

Dounce honiogeniser, following the method of Mertenset a/(1987) for BTV purification. Cell nuclei 

and debris were peileted by centrifuging. SDS was added to the resulting supernatant to a concentration 

of 1% and the mixture Ileated to 50°C for 2 minutes to solubilise the proteins, tilen extracted with 

pllenoi:chloroform until the interface was clean. After extracting twice with ether to remove residual 

pllenol, the nucleic acid was precipitated with ethanol. 

Contamillating cellular DNA was digested with DNase I, and removed by pilenol-chioroform 

extraction and etilanol precipitation. Single stranded RNA (ssRNA) was precipitated by adding lithium 

cilloride to 2M, and the dsRNA in the resulting supernatant was precipitated with etilanol. 

3.2.5. dsRNA profiles 

After extraction as above from infected cells, the 10 segments of Orbivirus dsRNA were 

separated by electroplloresis througil 5% polyacrylamide-urea gels. Gels were poured between two glass 

plates (20cm x 40cm) and were 0.6mm thick. The gel solution contained 21g of urea and Smi of 50% 

acrylamide solution (19:1 acrylamide:bisacrylamide) made up to SOml in lx TBE. SOOpi 10% 

ammollium persuifate and 501.1 TEMED were added to polymerise the gel. Polyacrylamide-urea gels 

were run uprigilt in BRL (Bethesda Research Laboratories) Gel Electroplloresis System stands. Upper 

and lower buffer tanks contailled lx TBE buffer. RNA gels were rumi at 6mA overnight. No 

prewarming of the system was required. After electrophoresis RNA gels were covered with ethidium 

bromide solutioll, 0.5tg/mi, and allowed to stain for 3-5 minutes. The ethidium bromide was rinsed 

off with distilled water and the RNA visualised and photographed under UV ligllt. 
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3.2.6. M13 Shotgun Cloning of Orbivirus dsRNA 

The required RNA band was cut out of a polyacrylam ide-urea gel after electrophoresis, with 

a sterile scalpel blade, and placed into an Eppendorf tube. Maxam and Gilbert elution buffer (Appendix 

A) was added with a small amount of Tris-buffered phenol to take up any RNase present, and left 

overnight at 37°C. The eluate was aspirated, extracted twice with phenol, then with ether, and the RNA 

precipitated with ethanol. The pellet was recovered and resuspended in distilled water. 

First strand cDNA was made as described in section 2.2.2. using random hexamer primers to 

prime the transcription. The second strand of cDNA was made by adding more dNTPs, random 

hexamer primer and reverse transcriptase to the first strand reaction mix, and the reaction was allowed 

to proceed at 37°C overnight. The ds cDNA was then cleaved with restriction enzymeSau3A to give 

multiple fragments with GATC overhanging ends. The DNA was purified using the Geneclean kit 

(which also removed small fragments that would preferentially ligate with the phage) and used in a 

ligation reaction with aBaniHl cut, M13mp18 phage vector. 

M13 is a filamentous phage. The infective form is ssDNA and the replicative form (RF) within 

the host is dsDNA. The RF has a multiple cloning site (MCS), which includes allamHl site. BamH1 

recognises the sequence GGATCIC, (cutting at I), therefore forming complementary ends withSau3A 

fragments. 

After transformation of competent JM 101 E.coli with the ligated phage DNA the cells were 

added to "sloppy agar" (2YT medium with 1 .5% agar as used for making plates, diluted 1: 1 with 2YT 

medium) containing 40.tl X-gal and 10jtl IPTG and spread over a 2YT and agar plate. The ds RF of 

the M 13 phage, with the insert, can be taken tip by the competent bacteria. Replication within the 

bacteria results in ss M13 being produced and released from the bacteria. Although release of phage 

particles doesn't lyse the bacterial cells, it does slow their growth rate, and plaques form in the bacterial 

lawn where cells are infected with phage. JM10l is derived from anE.coli K12 strain. (K12 is a strain 

of E.coli that has lost the ability to colonise the intestinal tract of humans and animals, and is well 

characterised genetically). JM101 contains a conjugation deficient F factor (ie: it is aira strain) that 

allows infection by M13 phages, but not normal F pilus conjugation. Upon infection by an M13 phage, 

the lac peptide of the phage is expressed under induced conditions (IPTG) and complements the 

defective -galactosidase gene of the bacteria. Thus phages without inserts form blue plaques, but the 

presence of an insert prevents such a-complementation, resulting in clear plaques. 

After overnight incubation, clear plaques were picked with toothpicks, transferred into 2m1 2YT 

medium in a 10 ml tube and grown overnight at 37°C with shaking. The overnight cultures were spun 

for 15 m ins at 2,500 rpm and the ssM 13 phage in the supernatant precipitated with cold 20% 

polyethylene glycol (PEG) in 2.5M NaCl. After centrifuging, the precipitated phage pellet was 

resuspended in I 00tl TE buffer, phenol extracted, ether extracted and ethanol precipitated. The 
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recovered pellet was resuspended in 8ji1 TE buffer and 0.5ji1 of this M13 DNA preparation was used 

in a PCR to check for the presence of all insert, using primers to the M13 sequence either side of the 

MCS, (USP and RSP, 2.2.4.vi.). If all insert was present, the DNA preparation was used for 

sequencing. For really clean sequencing, it was found to be worthwhile to start with lOmI of original 

E.coli/phage culture and then to purify the DNA sample after ethanol precipitation using the Geneclean 

procedure. Although some phage DNA was lost in this extra step, it removed small RNAs that could 

act as primers in the sequencing reactions. After Genecleaning, the phage was resuspended in I 5tl TE 

buffer. This gave enough DNA for two sequencing reactions if required. 

3.2.7. Sequencing of M13 clones 

The sequencing reactions were done using the Sequenase Version 2.0 DNA Sequencing Kit 

(United States Biochemical, Ohio, USA) following the manufacturers  directions, and separated on 6% 

polyacrylam ide-urea gels. Gels were prepared as described for electrophoresis of dsRNA profiles, using 

the same BRL equipment. Gels were warmed to 50°C before loading and maintained at this 

temperature during electrophoresis. After electrophoresis, gels were rinsed with a solution of 5% acetic 

acid and 15% methanol, then transferred to a sheet of Whatman 3MM paper and dried at 80°C under 

vacuum on a Bio-Rad Slab Gel Dryer for I hour. Fuji Medical X-Ray Film was exposed overnight 

against the dried gel. 

3.2.8. Analysis of sequence data 

Initial sequence data was analysed using the M icrogen ie program (Intel I igenetics, California, 

US). Since the Sau3A-digested inserts could have ligated with the M13 vector in either direction and 

in any reading frame, both strands of each insert were translated in all 3 reading frames (to give 6 

amino acid sequences). These were compared for sequence homology with the known Orbivirus VP3 

sequences. Clones that showed regions of homology were tentatively matched to that region of a 

"consensus"  Orbivirus VP3, and in this way a sequence for the unknown VP3 was pieced together. 

From the initial sequence data, oligonucleotide primers were designed to cover the region of 

interest, and to comply with the default parameters of the "Primer Designer", Version 2 software 

package (Scientific and Educational Software, 1991). These primers were then used for asymmetric 

PCR and sequencing. 

Once all the VP3 sequences were complete over the regions required, percentage homologies 

between pairs of sequences were determined, using the ALIGN Plus program (Version 2, 1992, 

Scientific and Educational Software) with the default parameters. Multiple sequence alignments were 

then done using the Clustal W program (Higgins and Sharp, 1989; Thompsoiiet a!, 1994) or the GCG 
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(Genetics Computer Group) Sequence Analysis Software Package programs Pileup and Lineup 

(Devereux et al, 1984). Phylogenetic trees were derived with the PHYLIP programs (Felsenstein, 1993) 

using Protpars and DNApars to estimate phylogenies using the parsimony method, then Drawtree to 

produce unrooted phylogenetic trees. Clustal W, GCG programs and the PHYLIP package were 

accessed via ANGIS (Australian National Genomic Information Service). 

3.2.9. Asymmetric PCR and sequencing 

This method used 2 PCR reactions: one to amplify the region required (as dsDNA), then an 

asymmetric PCR using the first PCR product as the template, with the conditions adjusted to produce 

mainly ssDNA for sequencing. The first PCR was run routinely as described in 2.2.3, to define and 

amplify the desired region. The PCR products were then separated by electrophoresis through an 

agarose gel and the required band cut out and purified using the Geneclean kit. The asymmetric PCR 

used the same primers as the first PCR reaction, but one of the primers (Primer 2) was diluted 1:100 

from the normal working dilution. After the first few cycles of exponential amplification the diluted 

primer should become depleted, and for the remainder of the PCR the other primer (Primer I) amplifies 

one strand only (ie: linear amplification). Therefore, the majority of the product following the 

asymmetric PCR should be ssDNA primed by the primer at higher concentration (Primer 1). The 

amount of dNTPs in the asymmetric PCR was reduced to 1/10th of the normal amount to minimise 

leftover dNTPs which could affect the sequencing reactions. The 50tl asymmetric PCR mix is given 

in Table II. 

Table 11. Asymmetric PCR Mix 

Primary PCR product 5.0111 
(Genecleaned) 

Primer I I .25il 

Primer 2 (1 in 100 dilution) I .25il 

dNTPs (1.25mM each dNTP) 0.811 

10 x Reaction puffer 5.0tl 

MgCl, (251-nM) 3.Op.l 

distilled water 33.25111 

Taq DNA polymerase (5u/111) 0.25111 

The reaction was run for 40 cycles: (94°C 1 miii; 50°C 1 mm; 72°C 1 miii) with a final 

extension of 72°C for 5 mm. The amplified DNA was purified and separated from left-over primer and 
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dNTPs by isopropanol precipitation. The recovered pellet was resuspended in 7p1 TE buffer and used 

directly in the Sequenase reaction, using Primer 2 for the reactions. 

The sequences derived from asymmetric PCR and sequencing were used to confirm the 

sequence data from the M 13 clones and to fill in any gaps remaining. This was done by comparison 

with known sequences as before. Asymmetric PCR and sequencing were also used to obtain partial 

VP3 sequences of the other WV isolates. 

3.2.10. Orbivirus serogrouping ELISA 

This was done by the method of Blacksell el a! (1994). Briefly, the cell pellet from a 25crr 

flask of virus-infected cells was homogenised in the presence of sodium deoxycholate to release the 

virus, and this antigen preparation was used to coat the wells of a microtitre plate. A panel of reference 

antisera (produced to the Orbivirus serogroup reference strains detailed in Table 8) was incubated with 

the antigen, then bound antibodies were detected using anti-protein G conjugated to horseradish 

peroxidase (HRP). The reaction was visualised by adding hydrogen peroxide and TMB. 

3.2.11. Electron microscopy 

To examine virus morphology with the electron microscope, a 25crri2  flask of BHK-21 cells 

was infected with the virus and kept at 37°C until cells showed 1+ to 2+ CPE (control flasks of 

uninfected Bl-IK-21 cells were grown and processed in parallel). The cells were scraped from the flask 

and fixed in 2.5% (v/v) glutaraldeliyde in 0.1 M cacodylate buffer (pH7.2, 300m0sm/kg), then washed 

in 0.1 M cacodylate buffer and post-fixed with 1% osmium tetroxide in 0. 1 M cacodylate buffer. After 

washing in water (3 x 5mins), the cells were dehydrated by the addition of ethanol at increasing 

concentrations from 70% to 100%, then infiltrated with a 1:1 mixture of ethanol and Spurrs resin. The 

sample was then embedded in 100% Spurrs, which was polymerised at 60°C overnight. The resulting 

blocks were trimmed, and ultrathin sections cut using a Leica (Reichert-Jung) Ultracut 2E. Sections 

were mounted on grids and stained with uranyl acetate followed by lead citrate. The sections were 

examined at 75kV using an Hitachi H600 scanning transmission electron microscope. 
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3.3. Results 

3.3.1. Growth in cell culture 

The reference Orbiviruses were all adapted to growth in cell culture and grew rapidly in BHK 

cells, giving 3+ to 4+ CPE in 48-72 hours. Orbiviruses produce fairly characteristic CPE in cell 

cultures (Verwoerd el al, 1979), with focal or disperse rounding of cells, then cell loss. With most of 

the Orbiviruses CPE proceeds rapidly to affect the whole cell monolayer, but with some, for example 

the equine encephalosis group, CPE remains focal. Orbiviruses replicate in Aa cells with no CPE, 

except for the Kemerovo group which has been shown to produce plaques in these cells. 

All seven BARC isolates were grown in BHK cell culture. A 25cd flask was infected initially, 

and the supernatant from this was used to infect 150cm2  flasks for virus dsRNA extraction. The cell 

pellet from the 25cm2  flask was used in the serogrouping ELISA. Virus purification by limiting 

dilutions was also commenced at this time, and once purified virus was obtained several I 50cn? flasks 

were inoculated for dsRNA extraction. The BARC isolates all gave "typical" Orbivirus CPE in BHK 

cells (as described above, and see Figure 15C) and most showed 3+ to 4+ CPE in 48-96 hours. 

MRM 13443 was slow to show CPE in BHK cells, with only 1+ CPE reported by Richard Weir 

after 7 days. After the first pass of the SMB inoculum onto BHK cells, an aliquot of the viral 

supernatant was sent to AAHL and passed onto Aa cells. No CPE was seen in the Aa cells, but after 

10 days the cells were frozen and thawed to release virus and the spun supernatant passed back onto 

BHK cells. On this second BHK pass the cells showed 2+ to 3+ CPE within 48 hours and the virus 

maintained this level of activity in future passes. MRM 13443 showed a distinctive CPE, usually within 

the first 24 hours of infection. The cells became "stringy" and elongated and tended to align in parallel 

arrays rather than showing the characteristic swirling pattern of BHK cells. These early cell changes 

were lost once cell death and foci of cell loss began, and the virus then showed typical Orbivirus CPE. 

None of the BARC isolates showed this distinctive CPE. 

CS131 behaved very like the BARC isolates and other Orbiviruses in cell culture. Both Picola 

and Paroo River viruses showed the same early, stringy cell changes as MRM13443 in BHK cells. 

Figure 15 shows photographs of uninfected BHK cells, and BHK cell cultures infected with 

MRM 13443 and with CSI31, illustrating the two different types of CPE. 

3.3.2. Electron microscopic (EM) examination of some Orbiviruses. 

EM photographs of BHK-21 cells infected with BTVI or with three different WV isolates were 

taken as described in section 3.2.11, and are shown in Figure 16. Typical Orbivirus-induced 

intracellular changes are illustrated by BTV 1-infected cells (Figure 16.1). These changes include intra- 

50 



I/_V) 

lJ 

- ..•( --.. \'_ \' 

' 

' • ••_-_c 

s_•. _ 

"S 

/ - "1 
,' •: B1 

? , 

• I" • ) if 1i 
I - 1( ''/.,/ '•i U 

/  
Ld 

oa
l  

.. W';? 

' 

¶ \;. 

( 0 
,I 

Si .• 'e' 

: 

•11(4,. 

Figure 15: Photographs showing BHK cells in culture. A) Uninfected BHK cell control showing 
typical random, swirling morphology; B) BHK cells passed at the same time as those in (A) and 
infected 24 hours later with MRM 13443. Photograph taken 30 hours post-infection shows the 
charactenstic "stnngy", aligned appearance of the early cytopathic effect (CPE) caused by 

MRM 13443, C) BHK cells as for (A), 30 hours post-infection with CS131, showing the more 
typical Orbivirus-type CPE, with cell rounding and cell loss beginning in foci, then becoming 
generalised 
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Figure 16.1: Transmission electronmicrograph of an ultrathin section of BHK cells infected 

with BTVI, showing features typical of Orbivirus-infected cells. Virus inclusion bodies (VIB) 
are the sites of progeny virus production. VlBs may have cytoplamic invaginatlons and 

channels, giving a donut-shaped appearance in thin sections, as seen here. Progeny virus (V) can 
be seen associated with the VIB, and free in the cytoplasm. Virus-specific tubules (T) are 

numerous in the cytoplasm, and are also visible in cross-section (arrow-head). N, nucleus. Bar 
represents I OOnm. 
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Figure 16.2: Transmission electronmicrograph of an ultrathin section of BHK cells infected with 
MRM 13443. A) High magnification view of the virus-specific tubules (1) in the cytoplasm. M, 
rnitochondria R, nbosomes N, nucleus. Bar represents lOOnm. B) Insert showing progeny virus 
(1)  budding from the cell surface. The angle of section appears to give the virus particles an 
envelope of cell membrane. L, lipid droplet. Bar represents lOOnm, 
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Figure 16.3: Transniission electronmicrograph of an ultrathin section of BHK cells infected 
with Picola virus. A) Section of cell showing a virus inclusion body (VIB). Virus (V) can be 
seen in a cytop!asmic invagination, and at the periphery of the VIB (arrow-head). RER, rough 

endoplasniic reticulum, R, ribosomes. Bar represents lOOnm. B) Insert shows virus-specific 

tubules (T) and virus (\') within the cvtoplasni Bar represents I OOnm. 
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Figure 16.4:Transmission electronmicrograph of an ultrathin section of BHK cells infected with 
CS 131. A) Section of cell at low magnification showing virus inclusion bodies (VIB), with 
associated virus particles (V), and virus in the cytoplasm. T, virus-specific tubules N, cell 
nucleus, M, mitochondria Bar represents lOOnm. B) Higher magnification section of a cell 
showing a virus inclusion body (VlB) and virus particles (V). R, ribosomes. Bar represents 
10011111 



cytoplasmic virus inclusion bodies (VIBs) and virus-specified tubules. Virus particles are visible 

associated with the VIBs and free in the cytoplasm. 

Figures 16.2, 16.3 and 16.4 show EM photographs ofBHK-21 cells infected with MRM13443, 

Picola virus or CS131, respectively. Typical Orbivirus particles, intra-cytoplasmic VIBs and tubules 

are seen in all three photographs, but some ultrastructural differences are apparent for the WV isolates 

when compared to BTVI. 

Figure 16.1 shows the virus-specified tubules of BTV I to have a similar diameter to the virus 

particles, and they occur in small parallel bundles. With all three WV isolates the tubules are narrower 

and more random in their distribution in the cytoplasm, with no bundles or arrays of tubules. Huismans 

and Els (1979) showed that the diameter of the tubules produced in infected cells does vary between 

different serogroups of Orbiviruses, with BTV specifyiiig tubules of 68nm, EHDV 54nm and only 

I Sum for Al-ISV. The WV isolates grown specified tubules that were measured at between 20 and 

23 nm. 

The virus particles in the VIBs of BTV I-infected cells show an electron-dense inner nucleoid 

with a diameter of approximately 40nm, when viewed by EM (Eaton et al, 1990), and as seen in 

Figure 16.1. The virus particles in VIBs of Picola virus-infected cells (Figure 16.3) and CS 131-infected 

cells (Figure 16.4) have a smaller inner nucleoid and a more distinct outer layer, (which corresponds 

to the inner shell composed of VP3 and VP7, described in sections 1.2 and I .3,and Figure 1). The 

MRM 13443 virus particles seen budding from a cell surface in Figure 16.2 appear more like the other 

two WV isolates than BTVI. 

in summary, the WV isolates showed typical Orbivirus-induced changes in infected cells when 

examined by EM, but with some consistent ultrastructural differences compared to BTV 1-infected cells. 

3.3.3. Results of the Serogrouping ELISA 

The Orbivirus serogrouping ELISA was performed on the cell pellets from the initial 25cnI 

flasks of unpurified virus isolates. The test was done on the BARC isolates by Stuart Blacksell at 

AAHL and the results are shown in Table 12. No prototype WV antiserum was available (at this stage 

we had not obtained the prototype isolate) and antiserum previously raised in mice (by Richard Weir 

at BARC) to V195 was used. V195 had been classed by Richard Weir as a WV isolate on the basis 

of inimunofluorescence tests he had done using prototype WV antiserum from CDC, Atlanta. 

The results tentatively placed V370 and V654 in the Corriparta serogroup. V195, V595, V 1447 

and V 1449 all showed similar strong reactions with V195 antiserum and if V195 was correctly 

identified as a WV this suggested that all four of these viruses were WV isolates. V1670 showed a 

reaction with Mitchell River virus antiserum. 
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Table 12. Results of the Orbivirus Serogrouping ELISA on the BARC isolates 

Virus isolate A nt iserum* 

V195 Mitchell River Corriparta 

V195 1 .20** - - 

V370 - - 0.34 

V595 1.36 - - 

V654 - - 0.39 

V1447 1.35 - - 

V1449 1.36 - - 

V1670 - 0.85 - 

* 
The full range of Orbivirus reference antisera were used in the ELISA, but only those that gave a 

positive OD with one or more of the test viruses are given in the table. 
** 

Results given as nett OD at 450nm 

3.3.4. Confirmation of V370 and V654 as Corriparta virus isolates. 

Oligonucleotide primers specific for RNA3 of Corriparta virus (McCol1 and Gould, 1991) were 

used to make cDNA from the dsRNA preparations of V370 and V654. PCR with these primers resulted 

in products of the expected size, which were used as the template in an asymmetric PCR, then 

sequenced. The sequences derived from these two isolates both showed 79% homology with the 

reference Corriparta virus sequence at the nucleotide level and 96-97% homology at the amino acid 

level, which confirmed they were Corriparta virus isolates (see Discussion, 3.5.4.). The two isolates 

were not identical, however, with 9 1 % nucleotide homology between them. V370 contained one extra 

amino acid in this region, compared to V654 and the reference Corriparta virus, but the insertion (or 

deletion) was not in the same place for each of these viruses. The nucleotide and amino acid sequence 

alignments are given in Appendix C. 

3.3.5. dsRNA profiles 

i. Profiles of the reference Orbiviruses and the seven BARC isolates 

dsRNA profiles of the reference Orbiviruses and the seven BARC isolates were produced and 

are shown in Figure 17. Although dsRNA profiles have been shown not to be a reliable diagnostic tool 

for Orbivirus identification because of their variability (see Discussion, 3.5.3.), these profiles agreed 
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V595, V 1447 and V 1449 all show very similar profiles, in which gene segments 4 and 5  tend to 
migrate together. V370 and V654 have similar profiles to Corriparta. V 1670 has a similar profite 
to Mitchell River virus. 
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with the general groupings already suggested by the ELISA serogrouping. V370, V654 and Corriparta 

virus showed very similar profiles. The four possible WV isolates all had very similar profiles that 

differed from any of the reference Orbiviruses. V 1670 had a similar profile to Mitchell River virus. 

ii. dsRNA profiles of the possible Wongorr viruses 

A second set of dsRNA profiles was produced for the known and suspected WV isolates and 

are shown in Figure 18. MRM 13443 showed a slightly different profile to the Berrimah WVs, but 

CS 131 was very similar to the Berrimali isolates. V 199 was another Berrimah isolate that had been 

identified as a WV and was added to the study (details of V199 are given in Table 3.). Picola and 

Paroo River viruses were also included in this dsRNA profile and both viruses show profiles very 

similar to MRM 13443. All the viruses used to produce these profiles had been purified by limiting 

dilutions, except Picola and Paroo River, and dsRNA gels of the pre- and post-purification samples 

were run to check that no change in the profiles had occurred as a result of the limiting dilution 

process. 

3.3.6. M13 cloning of the RNA segment coding for VP3 

The initial cloning experiment was done using V 195 RNA3 (by the method described in section 

3.2.6.) before dsRNA from MRM13443 was available. However none of the resulting clones gave 

sequence that matched any of the known Orbivirus RNA3 sequences. An examination of the dsRNA 

profiles revealed a possible reason. VP3 is a group-specific protein and is conserved between 

serogroups and consistent in size (Gould and Pritchard, 1991). VP2 however is highly variable between 

serotypes. It had been shown previously that with both Corriparta and Kemerovo serogroups the bands 

for RNA2 and RNA3 run in the reverse order on a 5% polyacrylamide-urea gel when compared to the 

other Orbiviruses (Gould and Pritchard, 1991; Moss el at, 1992). The second dsRNA band of 

Corriparta, that was shown to code for VP3, runs at about the level of the RNA3 band of the other 

Orbiviruses on the gel. Comparison of the dsRNA profiles of the WV isolates with the other 

Orbiviruses, showed that the same situation was probably occurring with WV also. Accordingly, the 

cloning was repeated, with MRM 13443 and CS 13 1 viruses this time, using the second dsRNA band 

(which will be referred to as RNA3) and the sequence obtained was shown to have regions of high 

homology with the other Orbivirus RNA3 sequences. 

Two different methods were used for the synthesis of dsDNA from MRM 13443 and CS131 

RNA3. For MRM 13443, eDNA was made as described in section 3.2.6. First strand eDNA for CSI3I 

was made as for MRM 13443, but the second strand was produced with a Promega kit (Riboclone 

eDNA Synthesis System: Randomly Primed) using RNaseH to make nicks in the RNA strand of the 

cDNA:RNA hybrid, to prime second strand formation with DNA polyrnerase I. Following theSau3A 
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digestion, an aliquot of each reaction mixture was end-filled with Klenow fragment and a dNTP mix 

containing 12 P dATP, run on a polyacrylamide-urea gel, then dried and exposed to X-ray film, to 

compare the efficiency of each cDNA procedure. The yield of labelled DNA was very low with both 

techniques but the first method seemed to be slightly more effective than the second. No specific bands 

were present. The cloning procedure was continued, and after transformation several hundred clear 

plaques were obtained for MRM 13443, with about ten times fewer for CS 13 1. The culture plates for 

CS131 were sealed with Parafilm (American Can Company, USA) and stored at 4°C, and 24 plaques 

from the MRM 13443 plates were picked, screened by PCR and prepared as described for sequencing. 

Screening by PCR showed that most clear plaques picked contained an insert, and the PCR products 

were of varying sizes from about 200 to 450 base pairs, as shown in Figure 19. 

3.3.7. Sequencing of the prototype Wongorr virus 

i. Sequencing of the M13 clones 

As described in section 3.2.6, for clean sequencing reactions it was found useful to purify the 

M 13 template DNA with an extra step, using the Geneclean kit. This removed small, contaminating 

nucleic acids that could cause non-specific priming. 

Twenty of the MRM 13443 clones were sequenced, and half of these gave sequence that 

showed regions of homology with other known Orbivirus sequences (four of these clones were repeats 

of other clones, however). Most inserts were about 170-230 base pairs in length. Using the sequence 

data derived from the cloning, two pairs of oligonucleotide primers were designed. These are described 

in Table 13, below. The two outside primers, p842 and p844, spanned a region of 1,160 base pairs 

which included two internal primers, p843 and p845. 

Table 13. Nucleotide sequence and relative positions of the MRM 13443 primers, with the primer 

pairs used in PCR, and the size of the expected PCR products. (Continued page 55) 

Primer Strand Position Primer sequence 

p842 + 1045-1068 5'-ATTTATCTTGCGCTGATGTTCCCA-3' 

p843 - 1647-1670 5'-TCAAACGCCGTGTCGAGTAATGTA-3' 

p844 - 2185-2208 5'-CGTATAGTACACCGCTTCACGGCG-3' 

p845 + 1576-1599 5'-ATGTCTCAACATCATGTGGTGCGG-3' 
- 

* 
Nucleotide position of primer relative to the BTV I RNA3 positive strand sequence. 
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Figure 19: 1% agarose gel, stained with ethidium bromide, showing the products of PCR 
screening of M13 clones containing Sau3A-digested cDNA fragments derived from MRM 13443 
RNA3. PCR was done using primers RSP and USP, so the products will contain about 100 base 
pairs of Ml 3 sequence, plus the sequence of the insert. 24 clones were screened and most gave a 
product of between 200 and 400 base pairs. 



Table 13 (continued). 

Primer pair PCR product (number of base pairs) 

p842/p844 1163 

p842/p843 625 

p845/p844 632 

ii. Asymmetric PCR and sequencing 

cDNA was made with both outside primers (p842 and p844), and PCRs were done using all 

three primer pairs described above, to give the full length product and both half-length products. The 

results of the PCR are shown in Figure 20. The two half-length products were used in asymmetric 

PCRs and tile resulting ssDNA products were sequenced. This sequence confirmed and completed the 

sequence obtained from the M 13 cloning. 

3.3.8. Production of Wongorr virus-specific primers, and sequencing of all the Wongorr virus 

isolates 

PCRs using the MRM13443-derived primers 

The two half-length primer pairs (p842/p843 and p845/p844) were used in PCR reactions with 

the reference Orbiviruses to test for their specificity for WV, and also in PCRs with all the other WV 

isolates. The results are shown In Figures 21 and 22. The primers did not amplify the expected bands 

from the other WV isolates, and they gave multiple non-specific bands with the reference Orbiviruses. 

Increasing the annealing temperature to 60°C to improve the specificity of the PCR made no 

appreciable difference. 

Sequencing of CSI3I, and the design of primers p872 and p870 

To determine tile reason for the negative PCR results of the MRM 13443 primers with the other 

WV isolates, the M13 clones of CS131 cDNA3 were sequenced. Comparison of the CS13I and 

MRM 13443 sequences showed some regions of high homology and other more variable regions. A 

major problem with tile design of two of the primers was that the 3' base of the primer matched the 

third or "wobble" base of a codon, which was likely to be variable. To prevent this, primer p842 was 

modified, and the resulting positive strand primer was cailed p872. A new negative strand primer, 

p870, was designed, internal to primer p844. The region spanned by these two primers was 709 base 

pairs in length (see Table 14, below). The remaining sequence for CS 13 1 was then filled in by 

sequencing of asymmetric PCR products generated using these modihed primers. 
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Figure 20: i% agarose gel, stained with ethidium bromide, showing the products of PCRs of 
MRM 13443 using 3 different primer pairs and 2 different primers to niake the first strand cDNA.  
1) cDNA made with primer p842. PCR with p842 and p844; 2) cDNA made with p842. PCR 
with p842 and p843; 3) cDNA made with p844. PCR with p842 and p843. 4) cDNA made with 
p844. PCR with p844 and p845; 5) negative control - no DNA; 6) A Avail marker. Both 
full-length products (1163 base pairs, lanes I and 3) and both half-length products (625 base 
pairs for lane 2 and 632 base pairs for lane 4) are visible. 
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Figure 21: 1% agarose gels, stained with ethidium bromide, to show the results of PCRs of 
representatives of 9 Orbivirus serogroups with the primer pairs p842/p843 and p844/p845. A) 
PCR of the Orbiviruses with p842 and p843, with the PCR annealing temperature at 370  C: B) 
As for A), but with annealing at 60° C to increase specificity C) PCR of the 9 Orbiviruses using 
p844 and p845, with annealing temperature 37 ° C. The primers p842 and p843 produced many 
non-specific bands even when a higher annealing temperature was used. 
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Figure 22: l% agarose gel, stained with ethidium bromide, of the PCR products of 7 
Wongorr virus isolates with A) primer pair p842/p843 and B) primer pair p844/p845. 
Specific bands of 625 base pairs for primers p842 and p843, and 632 base pairs for 
p844/p845 were only present with MRM 13443 



Table 14. Nucicotide sequence and relative positions of the modified Wongorr virus primers, p872 

and p870. 

Primer Strand Position* Primer sequence 

1)872 

p870 

+ 

- 

1045-1064 

1735-1754 

5'-ATCTACTTTGCGCTGATGTT-3' 

5'-TGCCATATTGAGTGATACGA-3' 

* 

Nucleotide position of primer relative to the BTVI RNA3 positive strand sequence. 

The modified primers were used as before in PCRs with the other Orbiviruses and with 

MRM 13443 and the Berrimah WVs. The results are shown in Figure 23. The primers produced very 

little cross-reaction with the reference Orbiviruses. A faint band can be seen for Warrego virus (at 

annealing temperature of 60°C), but not of the expected size. All of the Berrimah WVs showed a 

product of the correct size with primers p872/p870, as did Picola virus and Paroo River virus. However 

these two viruses also gave products of the expected size with the original MRM 13443 primers (results 

not shown), suggesting they were more similar in nucleotide sequence to MRM 13443 than were the 

BARC isolates and CS 131. 

iii. Sequencing of all the Wongorr virus isolates, using primers p872 and p870 

The primers p872 and 1)870 were then used for asymmetric PCR and sequencing of all the 

Berrimah WV isolates, as well as Picola and Paroo River viruses. Sequencing of each PCR product 

was done from both directions (ie: by doing two asymmetric PCRs for each isolate using both primers 

as the diluted primer, then doing two sequencing reactions for each isolate). This enabled about 600 

base pairs to he read for each isolate from one set of sequencing reactions and one gel. 

3.3.9. Analysis of sequence data 

i. Comparison of the MRM13443 partial RNA3 sequence with other Orbivirus RNA3 sequences. 

Comparisons of partial nucleotide and deduced amino acid sequences for RNA3 of the 

prototype viruses of eight Orbivirus serogroups have been done previously (Pritchard, 1993). The 

sequence derived for MRM 13443 was added to this, as well as the sequence of a Kemerovo serogroup 

virus (Broadhaven virus, Moss c/ a!, 1992). Paired comparisons of all these sequences were done, and 

the sequence homologies are given as percentages in Table 15, with the paired nucleotide sequence 

comparisons shown in the lower left corner of the table, and the amino acid comparisons in the upper 

right. The nucleotide sequences covered the region from nucleotide 1113 to 1743 (with respect to BTV 

RNA3). 
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Figure 23: 1% agarose gels, stained with ethidium bromide, following PCRs with the pnmer 

pair p872 and p870. A) Representatives of 9 Orbivirus serogroups, after PCR at two different 

annealing temperatures, 37 ° C (on left) and 60 ° C (on right) B) 7 Wongorr virus isolates, after 

PCR at annealing temperature 37 ° C, using cDNA made with p870 (on left) and p872 (on right). 

These photographs show that in PCRs the primer pair p8721p870 was specific for the Wongorr 

virus isolates, iz1viniz,  a product of 709 base pairs. 



Table 15. Paired alignments of partial nucleotide and deduced amino acid seguences*  for the 

group-specific protein VP3 of prototype viruses of ten Orbivirus serogroups. 

% AMINO ACID SEQUENCE HOMOLOGY 
(Number of amino acids compared) 

liv EIID EUB AIlS PAl, WAL WAR COR KENI WON 
(208) (208) (208) (209) (208) (208) (208) (208) (209) (209) 

BTV * 80 71 67 61 73 69 40 35 38 
(631)  

1111) 70 * 73 69 78 74 69 43 38 39 
(631)  

ELI 65 65 * 69 67 76 68 38 36 40 
(631)  

AIlS 64 66 66 * 68 69 71 43 38 44 
(634)  

PAL 62 61 64 67 * 66 62 37 35 40 
(634)  

WAI. 67 66 72 66 64 * 73 41 34 37 
(631)  

WAR 65 62 67 68 64 69 * 42 35 41 
(631)  

COR 44 45 46 50 49 45 45 * 49 55 
(631)  

KENI 43 45 41 40 39 41 43 49 * 51 
(634)  

WON 43 44 43 46 43 43 43 57 53 * 

(634) 

% NUCLEOTIDE SEQUENCE HOMOLOGY 

(Number of nucleotides compared) 

* 

Sequences of BTV, EHDV (ELID), Eubenangee (EUB), AHSV (AHS), Palyam (PAL), Wallal (WAL), 

Warrego (WAR) and Corriparta (COR) were from Pritchard (1993). Kemerovo (KEM) sequence from 

Moss eta! (1992). WON is MRM 13443 sequence. 

Multiple sequence alignments of both the nucleotide and deduced amino acid sequences of the 

Orbivirus RNA3s were also done, and are given in Appendix C. The amino acid alignment was used 

to derive an unrooted phylogenetic tree, shown in Figure 24, to illustrate the relationships between the 

Orbivirus serogroups. 

57 



EUBENAN' 

WALLAL 

)RRIPARTA 

%LYAM 

KEMEROVO WONGORR 

BTV 

Figure 24. Unrooted phylogenetic tree showing relationships between 10 Orbivirus serogroups 
based on comparisons of partial amino acid sequences of VP3. The tree was derived by the 
parsimony method usmg the PHYLIP programs Protpars and Drawtree, after multiple sequence 
alignment using Clustal W. 



ii. Comparisons of all the Wongorr virus isolates. 

Partial sequences of VP3 of the WV isolates were compared from nucleotide 1177 to 1703 

(with respect to BTV 1). Paired alignments for all the isolates were done, and the sequence homologies 

are shown as percentages in Table 16. Only a short segment of the V1449 RNA3 sequence was 

obtained (192 nucleotides) and this was compared over the cognate region with MRM 13443 and CSI3 I 

only. 

A multiple sequence alignment of the nucleotide sequences was also done (not including 

V 1449), and the unrooted tree derived from this is shown in Figure 25. Both the nucleotide and amino 

acid alignments for the eight Wongorr group isolates are given in Appendix C. 

Table 16. Paired comparisons of the RNA3 sequences of the WV isolates. 

% AMINO ACID HOMOLOGY 
(Number of amino acids compared) 

I1Wv1 Picola Paroo R ('S131 V195 V199 V595 '1447 V 1449 
13443 (175) (175) (175) (175) (175) (175) (175) (63) 
(175) 

MRM * 99 99 97 97 96 97 96 94 
13443 
(526)  

Picola 94 * 99 97 98 97 98 97 
(526)  

PIFOO R 94 99 * 97 97 96 97 96 
(526)  

CS131 78 79 79 * 99 99 99 99 98 
(526)  

V195 79 80 80 96 * 99 100 99 
(526)  

V199 78 79 79 99 96 * 99 99 
(526)  

V595 79 80 80 97 99 97 * 99 
(526)  

V1447 78 78 78 98 95 98 96 * 

(526)  

1449 80 93 * 
(192) 

% NUCLEOTIDE HOMOLOGY 

(Number of nucleotides compared) 
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Figure 25: Unrooted phylogenetic tree showing relationships between 8 of the Wongorr virus 
isolates, based on comparisons of partial nucleotide sequences of the gene segment coding for 
VP3. The Clustal W program was used for multiple sequence alignments and phylogenies were 
estimated and drawn using the DNApars and Drawtree programs of the PI-LYLIP package. 



3.4 Conclusions 

The seven BARC isolates were examined using a variety of techniques. A rapid Orbivirus 

serogrouping ELISA was used to give an initial characterisation and dsRNA profiles of the isolates 

agreed with the broad groupings shown in the ELISA. The identification of two of the isolates as 

Corriparta viruses was confirmed by PCR and sequencing, using serogroup-specific oligonucleotide 

primers previously designed at AAHL. These isolates were not identical, but both showed 79% 

homology at the nucleotide level with the reference Australian Corriparta virus, which suggests they 

may have a different geographical origin (see section 3.5.4 below). 

Four of the isolates appeared to be Wongorr virus, but there was no genetic data available on 

the prototype Wongorr virus for comparison. Accordingly, this virus was obtaiiied and the gene 

segment coding for VP3 was cloned and partially sequenced. Based on this data, oligonucleotide 

primers p872 and p870 were designed that were shown to be specific for the Wongorr isolates. These 

primers were then used in PCR and for partial sequencing of VP3 of the Berrirnah Wongorr isolates. 

Several other viruses were added to the study, including two more Northern Territory isolates, V199 

and CS 13 1, as well as Picola virus which had been grouped serologicaily as a Wongorr virus, and an 

ungrouped Orbivirus, Paroo River. On tile basis of comparisons of the sequence data these viruses were 

all shown to be Wongorr isolates, and they appeared to separate into two clusters. The Wongorr 

prototype virus (MRM 13443), Picola and Paroo River viruses formed one cluster, and all had very 

similar RNA profiles and showed distinctive early CPE in cell culture. These three isolates also 

behaved very similarly in PCRs with the primer pairs p842/p843 and p845/p844, as well as with the 

Wongorr-specific primers p872/p870. Sequence comparisons at the nucleotide level for these three 

isolates showed 94% homology between prototype Wongorr and tile other two, and 99% Ilomology 

between Paroo River and Picola viruses. At the amino acid level there was 99% homology between 

all three. Similarly, all the Nortilern Territory isolates in the second cluster, were very alike in their 

RNA profiles, PCR results and sequence analyses. At the nucleotide level these viruses showed 95-99% 

homology (V 1449 was compared over a shorter region, and the results are not included here) and at 

the amino acid level they were 99-100% alike. Between these two clusters of viruses, typified by 

MRM 13443 oil one side and CS 131 on the other, there was 78% homology at the nucleotide level and 

97% amino acid homology. These relationsilips can be seen diagrammatically in the unrooted 

phylogenetic tree derived from irniltiple nucleotide seqence analysis. 

The amino acid sequence data of VP3 of the prototype Wongorr was compared with partial 

sequences of the same region of representatives of nine other Orbivirus serogroups. This comparison 

is also presented as ail unrooted phylogenetic tree, illustrating the relationships between these viruses. 

The Wongorr, Corriparta and Kemerovo serogroups appear to be quite distinct from the other Orbivirus 

serogroups. One distinguishing feature of these three groups of viruses is that the gene segments coding 
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for VP2 and VP3 run in the reverse order in a polyacrylamide gel, compared to the other serogroups. 

The other BARC isolate, V 1670, would appear from the Orbivirus serogrouping ELISA and 

from its dsRNA profile, to be a Mitchell River virus isolate. There is no recorded isolation of Mitchell 

River virus since its original isolation in 1970 (Dohertyel al, 1973), and apart from the study that 

indicated it was not a member of the Warrego serogroup, the virus has not been characterised. Cloning 

and sequencing of the VP3 of the original Mitchell River isolate using the techniques described in this 

study is currently under way at AM-IL, and the data generated will be used to confirm whether V 1670 

is in fact a Mitchell River virus, and to compare Mitchell River virus with the known Orbivirus 

serogroups. 
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3.5. Discussion: The use of molecular techniques in the characterisation of 

Orbiviruses. 

3.5.1. Serological classification 

The allocation of viruses to the genus Orbivirus has traditionally been done on the basis of 

their physico-chemical properties and EM morphology. They were then placed into serogroups on the 

basis of shared antigens detected in CF tests, and within each group, viruses that could be distinguished 

by SN tests were considered as different serotypes. This system of classification has served very well 

as a basis from which to study these viruses and the relationships between them. However there are 

limitations with serological classification. Cross-reactions between some viruses of different serogroups 

in CF tests occurred (Della Portaetal, 1979), which resulted in a call for further levels of classification 

(Della-Porta, 1985). Also, there is a subjective element to the interpretation oftest results; for example 

it is not possible to give specific guidelines as to the degree of difference required to separate two 

isolates. These problems arise because of the very limited basis of serological classification, which 

relies only on the immune response of an animal to small regions of one or more surface proteins of 

the virus. 

3.5.2. Genome analysis and genetic reassortment 

More recently, the ability to examine the genetic structure of Orbiviruses has considerably 

broadened the approach to classification. Analysis of their genomes showed that all the serogroups 

except Colorado Tick Fever (CTF) contained 10 segments of dsRNA (Knudson, 1981) and this resulted 

in the removal of CTF to a new genus, Coltivirus, within the Reoviridae. Other molecular techniques, 

including RNA-RNA hybridisation, oligonucleotide fingerprinting, PCR and sequencing are all being 

used now to characterise Orbivirus genornes, and the results of these studies are being related to the 

serological data. 

The realisation that reassortment of RNA segments can occur between closely related viruses 

has introduced the species concept to Orbivirus classification. The ability of two viruses to reassort 

their genome segments in a mixed infection is considered to be a measure of their genetic relatedness 

(Knudson and Monath, 1990) and it is suggested that ail Orbivirus species should therefore contain 

viruses with the ability to reassort gene segments. Interestingly, genetically reassorting groups of 

Orbiviruses have been shown to be closely related serologically, and so far, gene reassortment has only 

been identified between viruses within a serogroup (Gorman, 1993). The validity of serotyping is now 

being questioned, however, in that genetic reassortment is not restricted to isolates of a serotype. 

Gorman (1993) suggests that classification should be based on genetic aiialyses and on the ability of 
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virus isolates to reassort genes (demonstrable in a laboratory), rather than on SN tests that only detect 

surface changes in a small region of one virus protein, and may not reflect extensive variation or close 

similarity in other genes. 

The importance of genetic reassortrnent in nature, and the role of its contribution to the genetic 

diversity of the Orbiviruses, has not been established as yet. Opportunities for reassortiiient may occur 

when either the insect or vertebrate host is infected with two different viruses at the same time. 

Gorman (1 990) cautions that the degree of genetic conservation that has been observed between BTV 

isolates that have been separated geographically for long periods of time, suggests that these 

populations are not freely reassorting in nature. 

3.5.3. The use of dsRNA profiles in virus characterisation 

Analysis of dsRNA profiles was first used in the early 1970s to compare the genomes of 

different Orbiviruses, (for example see Verwoerdet at, 1972; Schnagl and Holmes, 1975). It has been 

shown however, that although there is general similarity of the dsRNA profiles of viruses within a 

serogroup, it is not possible to use RNA profiles as a means of characterisiiig individual viruses. The 

mobility of an individual gene segment through a polyacrylamide gel is related to the size and charge 

of the segment, and to its secondary structure. Clarke and McCrae (1982) showed, with the dsRNA 

genome of Rotaviruses, that significant changes in the sequence of a gene segment did not always lead 

to a change in the mobility of that segment. Similarly, Walker et at (1980) used ribonuclease 

digestions of dsRNA segments of Wahlal viruses to show that segments with identical electrophoretic 

mobility could have dissimilar seqences. Further, since Orbiviruses are known to reassort genoine 

segments when cells or hosts are infected with more than one virus, this means that two viruses that 

are serologically identical may have quite distinct dsRNA profiles. 

In this study, dsRNA profiles were used as an indication of serogroup relatedness, and within 

these limits were shown to agree with the results of the serogrouping ELISA. 

3.5.4. Comparisons of partial VP3 sequences of Orbiviruses 

Comparison of partial sequences has become accepted as a method of characterising virus 

isolates in a number of different families. Beck and Strohmaier (1987) sequenced the coding region 

of VPI of 27 strains of foot- and- mouth disease virus (FMDV), and compared the relationships they 

obtained with classical serological groupings of these viruses. They concluded that sequence analysis 

of a limited region of the entire genorne was a valid epidemiological tool, which revealed more about 

the origin and course of FMD epizootics than did serotyping. Palmenberg (1989) discussed the use of 

multiple sequence alignments among the Picornaviruses in general. She was cautious about extending 
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the relationships observed within a limited region into deductions about a whole protein, genorne or 

even virus group, and she identified the need to correctly detect and match only equivalent regions 

of sequence. She also made the point that the interpretation of sequence alignments depends to a large 

extent on the computer programs and parameters used to analyse the data. Smith and Seidel (1993) 

used limited sequence analysis to investigate the epidemiology of rabies virus. They focussed on a 200 

base pair region of the nucleoprotein gene of rabies virus, which they felt was adequate to reflect 

genetic relationships between the viruses, both in current rabies investigations and to trace historical 

movements of the virus. 

Gould (1987) found partial sequence data to be meaningful in the comparison of Orbivirus 

VP3 sequences. Studies by Gould (1987) and Gould and Pritchard (1991) compared partial VP3 

nucleotide and amino acid sequences of several BTVs with sequences of the other Australian 

Orbiviruses. They showed that within each serogroup the amino acid sequence of VP3 was highly 

conserved, with a maximum 5% difference, but the nucleotide sequences of the RNA3 varied by up 

to 20% between viruses in the same serogroup. Between different serogroups, however, the nucleotide 

sequences of RNA3 of even the two most closely related groups, BTV and EHDV, were over 30% 

different and their amino acid sequences varied by at least 20%. 

Further, Gould (1987) showed with BTV that although the amino acid sequences of VP3 were 

highly conserved within a serogroup, the nucleotide sequences coding for VP3 were sufficiently 

different to draw conclusions about the geographic origins of the BTV isolates. This concept of 

"topotypes", or geographically distinct groupings, had already been identified in some other virus 

families (Trentet a!, 1981). The topotyping work was extended in later papers to include more BTVs, 

as well as other Orbiviruses (Gould and Pritchard, 1990; Gould and Pritchard, 1991). The ability to 

identify the geographic source of an Orbivirus isolate has important implications for epidemiology, and 

in the monitoring of virus incursions into northern Australia from south-east Asia. In the current study, 

the two isolates of Corriparta virus were found to have only about 80% homology at the nucleotide 

level with the reference Corriparta isolate. From the work of Gould on topotyping, this suggests that 

these two isolates may have a different geographical origin from the reference Corriparta virus. 

To confirm that the conclusions drawn using partial VP3 sequences were valid for the whole 

genome segment, Gould compared cognate partial regions of the nucleotide and amino acid sequences 

of VP3 and showed that similar phylogenetic trees were derived regardless of the region used (AR 

Gould, pers. comm.). Appendix C includes the results of paired comparisons of the complete nucleotide 

and amino acid sequences of the VP3 of four Orbivirus serogroups, as well as comparisons of different 

regions of the sequences. These tables show that the middle region of the gene or protein is more 

highly conserved than either end. The sequences used in the current study for comparing Wongorr virus 

with the other Orbivirus serogroups, and for comparison of the different Wongorr isolates, lie within 

this more conserved region. 
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3.5.5. In summary. 

VP3 has been shown to be highly conserved within a serogroup. The sequence of VP3 has been 

shown to be a very useful tool for comparing Orbivirus isolates and has been used to identify viruses 

to particular geographical locations or topotypes (Gould, 1987; Gould and Pritchard, 1991). 

Comparisons of VP3 have also been used to make suggestions about the evolutionary relationships of 

some of the Orbiviruses (Pritchard, 1993). Certainly, analysis of the sequence of VP3 has been shown 

to correlate well with serological methods as a way of placing Orbiviruses into groups. On the basis 

of this, and although classical serological tests have not been done, it appears that the Berriinah 

Wongorrs, CS131, Picola virus and Paroo River virus can all be considered as part of the Wongorr 

serogroup. Further, two separate clusters of virus isolates have been demonstrated within this group. 

All the Northern Territory isolates are very similar in terms of their genetic profiles and VP3 

sequences, but appear to be distinct from the prototype Woiigorr, Picola and Paroo River viruses. Based 

on the topotyping studies, this suggests that the two groups of Wongorr isolates may have a different 

geographical origin. Similarly, the two Corriparta isolates examined in this study appear to have a 

different origin to the prototype Corriparta virus. 
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Appendix A: Stock solutions, Buffers and Culture Media. 

1. Stock Solutions. 

1.1. Acrytamide solutions. 

500/0 Acrylamide/Bis-acrylamide for Polyacrylamide-urea gels 

Acrylamide 190g 

B i s-acrylam ide (N,N'-methaleiiebisacrylam ide) lOg 

Dissolve in 200m1s distilled water, then add distilled water to make tip to 400m1s. Store in dark 

bottles at room temperature. 

30% Acrylamide/Bis-acrylamide for SDS-PAGE 

Acrylamide 146g 

Bis-acrylamide 4g 

Dissolve in 300m1s distilled water, then make up to 500m1s with distilled water. Store in dark 

bottles at room temperature. 

For SDS-polyacrylamide separating gels combine: 

10% gel 12% gel 15% gel 

Distilled water 4.2m1 3.2m1 I.6m1 

30% acrylamide/bisacrylamide 5.0rnl 6.0m1 7.5m1 

Tris-HCl 1.5M pH8.8 5.6m1 5.6m1 5.6m1 

Then add the following and pour immediately: 

10% SDS I50l 

TEMED 7.5j11 

10% ammonium persulfate 75j.il 

For the 3% stacking gel combine the following: 

distilled water 3.2m] 10% SDS SOp] 

30% acrylamide/bisacrylamide 0.3m1 TEMED 5p.1 

Tris-HCI 0.5M pH6.8 1.3m1 10% ammonium persulfate 25p] 

1.2. Ammonium persulfate 10% 

Dissolve 100mg ammonium persulfate in ImI distilled water. Store at 4°C, and discard 

unused portion after I week. 
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1.3. Ampicillin 50mg/mI solution 

Dissolve 0.5g ampicillin in lOnils sterile distilled water. Aliquot into 500tl lots and store at 

-20°C. 

1.4. Coomassie Blue staining solution 

Combine the following: 

Coomassie blue 2.5g 

methanol 450m1 

acetic acid lOOmI 

distilled water to make up to 1,000m1 

After staining, wash the gel and destain for 24 hours in destaining solution: 

methanol 1,200m1 

acetic acid 500m1 

distilled water to make up to 5,000m1 

1.5. Dithiothreitol (DTT) 1M 

Dissolve 3.09g DTT in 20m1s sterile distilled water. Dispense into IrnI aliquots and store at 

-20°C. 

1.6. EDTA 0.5M pH8.0 

Add 186.1g EDTA.2H20 to 800m1s distilled water. Adjust pH to 8.0 with NaOH and stir 

vigorously on a magnetic stirrer. Make up to I litre with distilled water. Sterilize by autoclaving. 

1.7. Ethidium bromide 1mg/mI 

Add 0.lg of ethidium bromide to lOOmIs distilled water and stir on a magnetic stirrer for 

several hours until completely dissolved. Store at room temperature in a dark bottle or wrap the 

container in foil. 

1.8. IPTG (Isopropyl--D-galactosidase) 100mM 

Dissolve 0.48g IPTG in lOmls sterile distilled water, and make up to 20m1s with sterile 

distilled water. Dispense into IrnI aliquots and store at -20°C. 

A.2 



1.9. Loading buffers 

6x gel-loading buffer for DNA samples in agarose gels 

13romopheno1 blue 0.025g 

Xylene cyanol FF 0.025g 

30% glycerol 3m1 

Aliquot into 500tl lots and store at 4°C 

lOx SDS-PAGE gel-loading buffer 

Combine the following and store at -20°C 

DTT 5g 

0.25M Tris-HCI pFl6.5 50m1 

Bromophenol blue glycerol 50m1 

Broniophenol blue glycerol contains 0.5% bromophenol blue (dissolved in distilled water) in 90% 

glycerol. 

To make 2x SDS-PAGE gel-loading buffer: 

lOx gel-loading buffer lOOpi 

10% SDS 200pi 

distilled water 200jtl 

1.10. Phenol:chloroform 

Melt the phenol at 68°C. Add hydroxyquinolone to 0.1%. Mix equal amounts of phenol and 

chloroform. Add an equal volume of 0.1M Tris-HCI pH7.6. Stir for 15 minutes on a magnetic 

stirrer then allow the two phases to separate. Remove the upper, aqueous phase. Repeat the 

extractions with 0.IM Tris-HCI until pH7.6. Store the equilibrated phenol:chloroform under 0.1M 

Tris-HCl pH7.6 at 4°C in a dark bottle. 

1.11. Potassium acetate 3M 

SM Potassium acetate 60.0ml 

Glacial acetic acid I 1.5m1 

distilled water to make tip to lOOmI 

The final solution is 3M with respect to potassium and SM with respect to acetate. 

1.12. PMSF (phenylmethylsulfonyl fluoride) 100mM 

Dissolve PMSF at a concentration of 17.4mg/nil in isopropanol. Divide into aliquots and 

store at -20°C. 
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1.13. 3M Sodium acetate p115.2 

Dissolve 408.1g of sodium acetate .3H70 in 800rn1s of distilled water. Adjust the pFl to 5.2 

with glacial acetic acid. Make up to I litre with distilled water. Dispense into aliquots and sterilise 

by autoclaving. 

1.14. 10% Sodium dodecyt sulfate (SDS) 

Dissolve lOOg of electrophoresis-grade SDS in 900rn1s sterile distilled water (may need to 

heat to 65°C). Adjust the pH to 7.2 with concentrated HCI, and make up to I litre with sterile 

distilled water. Dispense into aliquots. 

1.15. lOx TMB colour reagent for ELISA 

TMB (3,3,5,5 tetramethylbenzidine) O.101g 

dissolve in DMSO to make lOmIs 

This gives a final concentration of 42mM TMB. Store in 500pi aliquots at 4°C. 

To make lx TMB reagent for use in ELISA: 

distilled water 91111 

lOx TMB in DMSO lOOp] 

citrate-acetate buffer (see buffers) ImI 

30% H70, (add immediately before use) 12.5p] 

1.16. X-gal (5-Bromo-4-ch1oro-3-indo1y1-3-D-galactosidase) 20mg/mi 

X-gal O.4g 

dimethylformamide 20iii1 

Aliquot into I ml lots, and store at -20°C. 
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2. Buffers 

2.1. Citrate Acetate buffer for ELISA 

Dissolve 8.2g sodium acetate in 90m1s distilled water. Adjust pH to 5.9 with 1M citric acid. 

Make tip to lOOmIs with distilled water. 

2.2. Coating buffer for ELISA. 

This is made as two separate solutions and mixed immediately before use. 

Solution 1. 

Tris base 6.05g 

NaCl 8.78g 

distilled water to make tip to I litre 

Solution 2. 

Tris-HCI 1.58g 

NaCl 1.76g 

distilled water to 200m1s 

To prepare the coating buffer, combine Solution I and Solution 2 in the ratio 9:1. The final 

solution contains 0.05M Tris-HCl and 0.15M NaCl, and the pH should be 9.0. 

2.3. Maxam and Gilbert elution buffer contained 

0.5M ammonium acetate; 1mM EDTA pH8; 0.1% SDS 

2.4. PBS (Phosphate buffered saline) 

Na2HPO4 I .44g 

KH7PO4 0.24g 

NaCl 8.00g 

KCI 0.20g 

Dissolve in 800m1s distilled water. Adjust pH to 7.4 with HCI. Make tip to I litre with distilled 

water. 

2.5. lOx PBST p117.2 

Na-,HPO4  anhydrous 10.7g 

NaH7P042H7O 3.9g 

NaCl 85.og 
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Add distilled water to I litre, and once dissolved add 5rn1s Tween 20. Make to Ix with distilled 

water for use. 

2.6. SDS-PAGE elution buffer contained: 

0.1% SDS; 0.05M Tris-HCI, pH7.9; 0.1mM EDTA; 5mM DTT; 0.15M NaCl; 0.1mg/mI 

BSA. Add the DTT freshly before use. 

2.7. lOx SDS-PAGE Running Buffer 

Tris base 60g 

Glycine 288g 

SDS 20g 

distilled water to 2 litres 

Make to Ix with distilled water for use 

2.8. 50x TAE (Tris-Acetate-EDTA) 

Tris base 484.og 

Glacial acetic acid I 14.2g 

EDTA 0.5M pH8.0 200m1 

distilled water to 2 litres 

Make to Ix with distilled water for use. 

2.9. lOx TBE (T ris-Bo rate- EDTA) 

Tris base 216g 

Boric acid I lOg 

EDTA 0.5M pH8.0 801111 

distilled water to 2 litres 

Make to Ix with distilled water for use. 

2.10. lOx TBST 

Tris-HCl IM pH 8.0 lOOmI 

NaCl 87.7g 

distilled water to I litre 

Add 5m1s Tween 20. Make to Ix with distilled water for use. 
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2.11. TE buffer (Tris-EDTA) 

Make tip from stock solutions to give final concentration: 

10mM Tris-HCI 

1mM EDTA 

Use Tris-HCl of appropriate pH, and EDTA pH8.0. 

2.12. Thrombin Buffer contained: 50mM Tris-HCl, pH8; 150mM NaCl; 2.5mM CaCL 

2.13. lOx Transfer buffer for Western Blots 

Tris base 66.8g 

Glycine 290.8g 

distilled water to 2 litres 

To make up to lx working solution combine: 

100 mIs lOx Transfer buffer 

700m1s distilled water 

200m1s methanol (add methanol last to prevent a precipitate forming) 

2.14. Tris-HCl 1M 

Tris base 121.1g 

distilled water to 900m1 

Adjust to desired pH with concentrated HCl, then make tip to I litre. 

2.15. TNET buffer 

Tris-HCl p1-18  50mM 

NaCl 200mM 

EDTA 5mM 

Triton X-100 5% 
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Bacterial growth media 

3.1. 2YT medium 

Bacto-tryptone I 6g 

l3acto-yeast extract I Og 

NaCl 5g 

distilled water 900m1 

Mix on a magnetic stirrer or shake until dissolved. Adjust pH to 7.0 with SN NaOH and make up 

to I litre with distilled water. Sterilise by autoclaving. If adding antibiotics, allow to cool to below 

50°C. 

3.2. Bacterial culture plates 

To make agar plates, prepare liquid media as above. Before autoclaving, add 15g/litre 

Bacto-agar. After autoclaving, mix gently by swirling to evenly distribute the agar. Allow to cool to 

below 50°C before adding antibiotic solutions to the medium, then pour into plates. To remove 

bubbles from the surface, flame briefly with a bunsen burner. Allow to harden and store at 4°C. 

Cell culture media 

4.1. Medium for BilK cells was Eagles basal mediuni with Earles salts (BME, CSL) supplemented 

with: 10% foetal calf serum (FCS); 5% tryptose phosphate broth (TPB, Oxoid); 10mM HEPES 

(Sigma); 21-nM glutamine (ICN); IJU/ml penicillin, I il/ml streptornycin, Sjil/ml amphotericin B 

(Sigma). 

4.2. Medium forAedes albopictus cells was BME supplemented with 10% FCS; 1% non-essential 

amino acids (NEAA, Gibco); 21-nM glutamine; and antibiotics as above. 
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Appendix B - BTV serotyping: Sequence data 

1. Nucleotide and amino acid sequences of BTV1 RNA2. 

Complete nucleotide sequence and deduced amino acid sequence of the Australian BTV1 

RNA2 (Gould, 1987). The deduced sequence of the VP2 peptide expressed by pGEX-2T clone 

7(8) is highlighted. The peptide expressed from pGEX-2T clone 9(6) would have an asparagine to 

aspartate (N to D) substitution (see section 2.3.2) which is underlined in the sequence below. 

1 GTTAAAATAG TGTCGCGATG GATGAGTTAG GCATACCAAT CTACAAACGA GGGTTTCCTG 
M D E L G I P I Y KR G F P 

61 AGCATTTGCT GCACGGTTAT GAGTTTACGA TTGACTCCAG TACGAAGATA CAAAGTGTTG 
E H L L HG Y E FT ID S ST K I Q S V 

121 GTGGGCGCCA TGACGTTACA AAATTGCCTG AGATGAACGC CTATGATATC AAATCGGAG 
G G R H DV T K L P EM N A Y DI K SE 

181 GCATGCGGAC CGCTTTATGG TATAACCCTG TGAGAAATGA TGGATTTGTC GTACCGCGAG 
GM R TA LW Y N P V RN D G F V V PR 

241 TGCTTGATAT AACTTTACGA GGTTATGATG GGAAGCGAGC AGTGATAGAC AGTTCAAGAC 
V L D IT L R G Y D G KR A V I D S SR 

301 ATAAGAGCTT TCACACGGAC GAGCGATGGG TACAATGGAT GATGAAAGAT TCAATGGACG 
H KS F H T D ER W V Q W MM K D SM D 

361 CGCAACCTTT AAAGGTTGGA TTAGATGACC AAACGCAAAA AATAGCGCAC TCCTTACATA 
A Q P L K V G L D D Q T  Q K IA H S L H 

421 ATTGTGTGGT GAPAATTGAT TCAAAGAAAG CGGATACAAT GTCTTATCAT ATTGAGCCGA 
N C V V K I D SK K AD T MS Y H I E P 

481 TTGAAGACCC GTTGAAAGGA TGTTTACACA CGAGAACGAT GTTATGGAAT CACTTAGTTC 
I ED P L KG CL H T R T ML W N H LV 

541 GTGTTGAGAT GTCGCATGCA GCTCAAGAGA TACGTTACGC TCTGAAGCCT ACATATGATA 
R V E MS H A A Q E I R Y AL K P T Y D 

601 TCGTTGTGCA CGCTGAAAGG AGAGATCGGA GTCAACCCTT CCGACCTGGT GATCAAACAT 
IV V H A ER RD R SQ P FR PG D Q T 

661 TAATCATTT TAGCAGGGGA CAAAAGGTTC AGATGAATCA CAATTCTTAT GAAAAAATGG 
LI N F SR G Q K V Q MN H N S Y E KM 

721 TAGAGGGGTT AGCGCACCTA GTAATAAGAG GCAAAACGCC CGAGCTGATT CGTGACGAAA 
V E G LA H L VI R G K T P E L I RD E 

781 TAACTAAACT AGACGAGATA TGTAATAGAT GGATACGTAG CAGGTATGAC CCTGGAGAAA 
IT K L D El C N R WI R SR Y D PG E 

841 TTAGGCCTA TGAGTTATGT AAGGTATTGT CATCGGTTGG TCGGAAAATG TTAGATCAAG 
1K A YE L C K V L S S V G R KM L D Q 

901 AAAAAGAACC CGCGGATGAA GCGAATCTAT CAATCCGGTT TCAGGAGGCT ATCGACAATA 
E K E P A D E A N L S I R F Q E A ID N 
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961 AATTTAGGCA GCACGATTCG GAGCGTTTAA AGATATTTGA GCACAGAAAT CAACGTAGAG 
K FR Q H D S ER L K IF E H RN Q R R 

1021 ATGAAGACCG ATTCTATATC CTATTGATGA TTGCCGCTTC GGATACATTC AATACGCGCG 
D ED R F Y I L L M IA A SD T F NT R 

1081 TGTGGTGGTC GAATCCATAT CCGTGTTTAA GAGGGACGTT GATCGCCTCT GAGACGAAGC 
V W W SN P Y PC L R G T LI A S E T K 

1141 TAGGTGATGT TTATTCGATG ATGCGATTAT GGTATGATTG GAGTGTTAGG CCCACATATA 
L G ID V Y SM MR L WY D W S V R PT Y 

1201 TCCCTTATGA AAAGTCAAGG GAACAAGAGA AATATATATA TGGTAGAGTT AACCTATTTG 
I P Y E K SR EQ E KY I Y GE V N L F 

1261 ATTATGTCGC CGAACCTGGA ACAAAGATAA TACACTGGGA GTATAAGTTA AATCAACAAA 
DY V A E PG T K I I H W E Y K L N Q Q 

1321 TTAAAGACAT CACTTATGAA CAGGGTAACC CCTGCGATCT ATTTCCAGAT GATGATGAAG 
1K D IT YE Q G N P CD L F PD D D E 

1381 CCATTGTAAC GAAGTTTGAT GACGTAGCGT ATGGACAAAT GGTGAATGAT TTGATAAATG 
A IV T K F D DV A Y G Q MV ND LI N 

1441 GCGGCTGGGA CCAGGAAAGG TTCAAAATGC ATAAGATCCT CIAGTCACAA GGAAATGTTC 
G G W D Q ER F KM H K I L K SQ G N V 

1501 TAACGATAGA TTTCGAAAAG GATGCCAAGC TGACATCTAA TGAGGGAGTC GCGATGCCTG 
L TI D FE K D A K L T S NE G V A M P 

1561 AATATTTCGA CAAGTGGATA ATAGCACCAA TGTTTAACGC TAAATTACGA ATCAAACATG 
E Y F D K WI IA P M F N A K L R 1K H 

1621 GCGAAATTGC ACAACGACGG AATGACGACC CAATGGTGAA ACGTACATTA TCTCCCATCG 
GE I A Q R R ND D PM V KR T L S P1 

1681 CCTTTGATCC TATTGTGTTG CAGAGGTTAA CATTAGCGCG TTTCTATGAC ATCCGTCCTG 
A F D P1 V ID Q EL T LA R F Y D I R P 

1741 CTATAATGGG GCAGGCGCTT TCACGACAAC AGGGACAATC CACATATGAT GAAGAGATTT 
Al M G Q AL S R Q Q G  Q S T Y D E El 

1801 CAAAGATAGA AGGTTATGCG GAGATCTTGC AACGGCGTGG AATTGTTCAA ATTCCTAAGA 
S K I E G Y A El L Q ER G IV Q I PR 

1861 AACCCTGTCC GACTGTTACA GCGCAATATA CCCTAGAACG TTACGCATTG TTTCTGATCA 
K PC P TV T A Q Y TIDE R Y AL F LI 

1921 ATATCTTAGA GCAGCATATA ATTCAGAGCA CTGATGAGGA TGTGATATAC TCGCACCCAC 
N I L EQ HI I Q S T D E D V I Y S H P 

1981 GAGTTGATTA TAAATTAGAA GTTCATGGCG AGAACATCAT AGACATCTCC CAGATAGTTA 
R V D YR L E V HG EN I ID IS Q IV 

2041 TATTTGTGTT TGACTTTCTA TTTGAGAGGA GGCGAACGGT CAGAGGAGTA TACGAATCAC 
IF V F D FL F ER ER T V R G V Y E S 

2101 GATACATGGT GACACGTATA AGGGACGCAC AGGGTCAGAA CCGAATAAAC GTTATAACCG 
R Y M VT RI RD A Q G Q N RI N V IT 

2161 AGTTTTTTCC AACGTTTGGA TATCACTTAA GTCGCGTCAA GGAGGCCACT ATCATACAGG 
E F F PT F G Y H ID SR V K E A T II Q 

2221 AAATCATGTA TCTTAATTTT CTACCTCTGT TCTTTCTGGT GAGCGATAT ATTATATACA 
El M Y L N F L P L F FL V SD N I I Y 



2281 CACACAAACA ATGGTCTGTA CCGTTATTCC TATACGCGCA CGAACTTAAG GTTATTCCAT 
T H K Q W S V P L F L Y A H E L K VIP 

2341 TAGAGGTGGG TTCCTACAAT GACCGATGCA GTTTGGTATC ATACATTGAA TATATGGTTT 
L E V G S Y N DR C S LV S Y I E Y MV 

2401 TCTTTCCGTC GAAGGCGTTC AGAACTAGCA AGCTAGATGA GGTGCAGCCT AAGATTGCGC 
F F P S K A F R T S K L D E V Q P K IA 

2461 GTGAGATGTT AAAATACTAT ATTAATACAA AGATTTTTGA GGGTGGGATT AATCTTAACG 
R E M L KY Y IN T K IF E G G I N L N 

2521 TTGTAACGAC A?AGCA?CTT CTTTACGAAA CATACCTTGC ATCTATATGT GGGGGCTTAT 
V VT T K Q L L Y E T Y L A S I C G G L 

2581 CTGATGGAAT TGTATGGTAT TTACCTATCA CACACCCAAA TAAATGCCTC GTTGCGATTG 
SD G IV WY L P1 T H P N K CL V Al 

2641 AAGTATCAGA CGAAAGAGTC CCAGCGAGTA TAAGGGCCAG CCATATCAAA CTTAGATTTC 
E VS D ER V P AS I R A S H 1K L R F 

2701 CATTGAGTGT AAACATCTA AAAGGAATCG TGATTATACA AGTTGATGAA GAAGGCAAAT 
P L S V K H L KG I VI I Q V D E E G K 

2761 TTACAGTATA TAGCGAAGGG ATCGTCTCCC ACAGAGTTTG CAAGAAGAAT TTGCTAAAAT 
F TV Y SE G IV 5 HR V C K K N L L K 

2821 ATATGTGCGA CATTGTTTTA CTTAAGTTTT CGGGACATGT CTTCGGTAAC GATGAAATGC 
Y MC D I V L L K F S G H V F G N D EM 

2881 TAACAAAACT TCTCAATGTA TGACCCGCTT GACCGTGGGT CCGCGCGCTA TCATACTTAC 
L T K L L N V 

2. PCR product from BTV1 RNA2 with primers p609 and p610*. 

* The primer sequences are highlighted and the EcoRI sites underlined. 

1 GTATGGCCAT GGAGGAATTC AGGCCTATGA GTTATGTAAG GTATTGTCAA CGGTTGGTCG 
CATACCGGTA CCTCCTTAAG TCCGGATACT CAATACATTC CATAACAGTT GCCAACCAGC 

61 GAAAATGTTA GATCAAGAAA AAGAACCCGC GGATGAAGCG AATCTATCAA TCCGGTTTCA 
CTTTTACAAT CTAGTTCTTT TTCTTGGGCG CCTACTTCGC TTAGATAGTT AGGCCAAAGT 

121 GGAGGCTATC GACAATAAAT TTAGGCAGCA CGATTCGGAG CGTTTAAAGA TATTTGAGCA 
CCTCCGATAG CTGTTATTTA AATCCGTCGT GCTAAGCCTC GCAAATTTCT ATAAACTCGT 

181 CAGAAATCAA CGTAGAGATG AAGACCGATT CTATATCCTA TTGATGATTG CCGCTTCGGA 
GTCTTTAGTT GCATCTCTAC TTCTGGCTAA GATATAGGAT AACTACTAAC GGCGAAGCCT 

241 TACATTCAAT ACGCGCGTGT GGTGGTCGAA TCCATATCCG TGTTTAAGAG GGACGTTGAT 
ATGTAAGTTA TGCGCGCACA CCACCAGCTT AGGTATAGGC ACAAATTCTC CCTGCAACTA 

301 CGCCTCTGAG ACGAAGCTAG GTTAAGTGAA_TTCGATGATG CGATTATG 
GCGGAGACTC TGCTTCGATC CAATTCACTT_AAGCTACTAC GCTAATAC 



Appendix C - Orbivirus characterisation: Sequence data 

1. Corriparta virus sequence alignments 

I.I. Alignment of the nucteotide sequences of the RNA3*  PCR products of the Corriparta 

virus isolates. The sequences cover nucleotides 1055 to 1661 with respect to BTVI RNA3. Both 

V370 and V654 show 79% homology with Corriparta virus, but the two Berrimah isolates are not 

identical, with 91% homology between them. V370 has an extra 3 nucleotides in this region 

compared to the other two isolates. (The Corriparta nucleotide and amino acid alignments were 

done using the Align Plus program, Version 2, 1992, Scientific and Educational Software). 

* 

Note that with the Corriparta serogroup (as with Wongorr and Kemerovo serogroups), RNA2 and 

RNA3 run in the reverse order on a polyacrylamide gel compared to the other Orbiviruses. RNA3 

here refers to the RNA segment that codes for VP3. 

Corriparta ( 1) CTTAATGTTCCCAAATCAGATAATTTTAGATATTAGAGGCGAACCTGGTC 
V370 ( 1) T ...........C .....A ...... C.G. .C. .0 ..... G. .G .....G. 
V654 ( 1) T ........ T. .T ..... A . .. G. .C.G. .C. .0 ..... G. .G .....A. 

Corriparta ( Si) ATGCCGTTGATCCGATCTCGAGAGGCGTTGCTGGTGTAGTAGGTAAATTA 
V370 ( 51) . . . .T. .0 .....T ..... T. .G. .A. .G ........ G. . C. .A. .G. .G 
V654 ( 51) .. . .T. .0 ..... C. .A. .T. .G. .A. .G ........ G. . C. .A. .G. .G 

Corriparta ( 101) ATGCTCAGTTACGGTCCAAACATCTTCAATATTACATCTAGGACAGCCAG 
V370 ( 101) G .....T ........... T. .T. . C. .0 ........ A. . C. .T.. 
V654 ( 101) G .....T ........... T. .T. .C. .0 ........ A. .C. .T. 

Corriparta ( 151) ATTGTTGGATAAAGCGTGCGCGATCTTCTTTCAGAAGATCGACGATTCTG 
V370 ( 151) .C.A .....C ..... T. .T. .A. .A. .T. . C. .A. .A. .T. .T. . C. .A. 
V654 ( 151) .. .A. .A ........ T. .T ..... A. .T ..... A. .A. .T. .T. . C. .A. 

Corriparta ( 201) GAGGTGTGCTACGGATGGGGCCAP1CGGCGAACCCGCTAGATTTTAGGGTC 
V370 ( 201) .G. .A. .AT. . . .A ...........T ...........G .........A.. 
V654 ( 201) ....... AT . ... A ...........T ........ A. .G ........AA.. 

Corriparta ( 251) GAGCGGGGC ---AGGAATTATGACTGTAATGTATTAGCATCAGATCCTAA 
V370 ( 251) ........TGCA.CA  ........T ..... C. .TC ....... G. .C. .A.. 
V654 ( 251) ........ TGCA. .A ........T ..... C. . CC .............A.. 

Corriparta ( 298) TACGGGTAGAGGGTTTAATGGGTATAATGTGAACGACGTACGTCAGAAAG 
V370 ( 301) ......AC .............T ........... T. .TA.C. .C. .A. 
V654 ( 301) . . .A. . . C .............T ........... T. .TA.0 ..... A. ...  

Corriparta ( 348) AAACACCGTATCCTCACGTCCGTAGACGAGTTTGTTACACGGGTTATGAT 
V370 ( 351) ....... A. .C. .C. . .A.A ..... GA.GA.A. . C .....C ..... C. .0 
V654 ( 351) . . . .T. .A. .C. .C. . .A.A. . .C.G. . .A.A ..... T. .0 ..... C. .0 

Corriparta ( 398) GCTGAAGAGGTCCTTGATGAGAGATATTCAGGTGAAGATTACACTTACGC 
V370 ( 401) ..G ........AT.G .....A ........ T. .0 ........T ........ 
V654 ( 401) . .A ........GT.G .....A ........ C. .0 ........T ........ 

Corriparta ( 448) GATGTATGATACGATGGTTGATGCTCTGCAGCGGACTGGACATACACAGG 
V370 ( 451) T ........ C.T . ... A.A. . C. .G. .A. .A. .A. . C ........ G. ...  
V654 ( 451) T ........C.T ......G ..... G. .A ..... A. .C. .G. .C. .G. 



Corriparta ( 498) AGGCGAACTATTTGAGATATTTACGACAGCACCATATCGTTCGTTTCGCT 
V370 ( 501) .A. .A. .T ......C .....C.G ........T ........G .......CG 
V654 ( 501) .A. .A. .T ......C ....... G. .G. .A ........... --- C .....G 

Corriparta ( 548) TACCTGAGTCAGGTGATAAATCGCGATCTATTATCTGCATTTTCACTTCC 
V370 ( 551) . .TT ..........A ..... C. .T ..... CC .. .. G ........ G. .A.. 
V654 ( 548) . .TT.A ..... A. .A .............. CC . ... G ........ G. .A.. 

Corriparta ( 598) GGACGACCAA 
V370 ( 601) A. .T. . .T.T 
V654 ( 598) A ..... T. . G 

1.2. Alignment of the deduced peptide sequences of the RNA3 PCR products of the 

Corriparta virus isolates. Note that V370 has an extra amino acid in this region compared to the 

other two isolates, but the addition (or corresponding deletion) occurs in a different place when 

compared to each of the other isolates. V370 and V654 show 96% and 97% homology respectively 

with Corriparta virus at the amino acid level, and 98% homology with each other. 

Corriparta ( 1) LMFPNQI ILDIRGEPGHAVDPISRGVAGVVGKLMLSYGPNIFNITSRTAR 
V370 ( 1) 
V654 ( 1) .......V .......................................... 

Corriparta ( 51) LLDKACAIFFQKIDDSGGVLRMGPTANPLDFRVERG-RNYDCNVLASDPN 
V370 ( 51) ................................ I ... AT ............ 
V654 ( 51) ................................ I ... A ............. 

Corriparta ( 100) TGRGFNGYNVNDVRQKETPYPHVRRP.VCYTGYDAEEVLDERYSGEDYTYA 
V370 ( 101) ............I ......... I ... 1 ....................... 
V654 ( 101) ............I ......... I ... 1 ....................... 

Corriparta ( 150) MYDTMVDALQRTGHTQEANYLRYLRQHHIVRFAYLSQVINRDLLSAFSLP 
V370 ( 151) . . .N.I ............................................ 
V654 ( 151) . . .N ..........................  .................... 

Corriparta ( 200) DDQ 
V370 ( 201) . . Y 
V654 ( 200) .. .  
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2. Orbivirus serogroups sequence alignments 

2.1. Alignment of the partial nucleotide sequences coding for VP3 of ten Orbivirus 

serogroups. Conserved nucleotides are indicated in a consensus sequence. (Alignment done using 

the GCG programs Pileup and Lineup, and the consensus sequence added with the GCG program 

Pretty). 

1 50 
AHSV GATCCAGTTT TGCGAATGGT TGCGGGAGTA TTGGGCCATG TAATGTTTAC 
Palyam GATCCAGTGA TACGGATGGT TTCAGGGGTT ATCGGGCATT TAATGTTTAC 
BTV GATCCAGCAG TAAGAATGGT TGCAGGCGTT GTAGGTCATC TGCTTTTCAC 
EHDV GATCCAGCGG TGCGTATGGT GGCGGGGGTT GTTGGTCATT TAATGTTTAC 
Eubenangee GATCCAACAA CGAGGATGGT TGCGGGAGTG GTTGGACATC TTATGTTCAC 
Wallal GATCCGACGA TGCGAATGGT TGCAGGCGTT GTTGGGCATT TGATGTTCAC 
Warrego GATCCTACCA CAAGAATGGT AGCAGGCGTA GTTGGTCATC TTATGTTTAC 
Corriparta GATCCGATCT CGAGAGGCGT TGCTGGTGTA GTAGGTAAAT TAATGCTCAG 
Wongorr GACCCAGTCG TTCGAPIGCGT ACGGGGAATT ATCGGCAAAA TCATGTTCTC 
Kemerovo GACGTCGTCG CACAGTCCGT CGCAGGAGTC CTAGGTAAGC TCCTTTTCTC 

Consensus GA --------  -------- GT ----GG--T- -T-GG--A-- T--T--T--- 

51 100 
AHSV TTACGGACCG ATCATGACAA ACATAACTCC AACGATGGCT GAATTGCTTG 
Palyam TTTCGGTCCA CGCTTTACGA ATATCACTCA AACGATGGCT ACATTATTGG 
BTV GGCGGGAGGA AGATTTACTA ACCTAACTCA AAATATGGCT CGTCAGTTGG 
EHDV AGCGGGACCC AGGTTTACGA ATAThACCCA GAATATGGCA CGACAGCTTG 
Eubenangee ATTTGGACGT AGATTTACTA ATATTACGGT GAATATGGCA AGGCAATTGG 
Wallal TTATGGCCGT CGTTTTACGA ATATAACAAC AAACATGGCA CAACAATTAG 
Warrego GTATGGGCCA CGTTTTACAA ATATTACTGC ACATATGGCT GATGCTTTAG 
Corriparta TTACGGTCCA AACATCTTCA ATATTACATC TAGGACAGCC AGATTGTTGG 
Wongorr ATATGGTCCG AGGATCTTTA ACATCACGCC TCGTACAGCG CGACTGCTGG 
Kemerovo CTATGGGCCT GCGCTGTTTA ACATCACCCC CCACACGCCA GGGCCCTTGA 

Consensus ---- GG ----  ---- T ---- A A--T-AC ---  ----  A --- C-  ------- T-- 

101 150 
AHSV ATGCTGCGCT GAGCGATTAT TTATTGTACA TGTATAACAA TCGGATTCCT 
Palyam ATTCAGCTCT APATGATTTT TTATTATATA TGTATAACAA TAGGGTTAGG 
BTV ACATTGCGTT GAACGATTAC CTATTGTATA TGTATAATAC GCGTGTGCAG 
EHDV ATATTGCCTT AGCTGATTTT CTTCTTTACA TGTATAACAC AAGGATCCAA 
Eubenangee ATATGGCATT AAGTGACTTT CTTCAGTATA TGTACAACAC TCGGATACCG 
Wallal ATATTGCTTT GATGATTTC TTGCTGTATA TGTACAACGC GACAATGCCA 
Warrego ATCGAGCGTT GGGTGATTTT CTGTTATACA TGTATGGAAC ACGAACTCCA 
Corriparta ATAAAGCGTG CGCGATCTTC TTTCAGAAGA TCGACGATTC TGGAGGTGTG 
Wongorr ATAGAGCGGC ATCAGATTAC TTAACTTCGT TAACCGATGA GAGACGAACC 
Kemerovo TCGTGCATGC GCCTCTTTCC TGCAAATGGC AACCGATGAT AAGACGCACT 

Consensus ----------  ------- T --  ----------  ----------  ---------- 

151 200 
AHSV ATAAATTACG GTCCAACAGG TCAACCCCTA GATTTTCGCA TTGGAGCAAG 
Palyam GTTGATTATG GTGCGAGTGG ACAGCCTTTA GATTTTCATA TTGGGGGACG 
BTV GTTAATTATG GCCCTACGGG GGAGCCGTTG GATTTCCAGA TCGG. .. CAG 
EHDV GTTCAATATG GTCCAACGGG AGAACCACTA GATTTCCGAA TAGG . .. ACG 
Eubenangee ATAAATCGGG GGGCATCGGG GGAGCCATTG GATTTCAGAA TTGG. .. TAG 
Wallal GTGACTTATG GGCAAACAGG AGTACCTTTA GATTTTAGAA TTGG. .. GCG 
Warrego GTAGCTTTTG GGCCGACGGG GCAGCCGCTT GATTTTCATA TTGG . .. ACG 
Corriparta CTACGGATGG GGCCAACGGC GAACCCGCTA GATTTTAGGG TCGAGCG... 
Wongorr ATACGGAGAG GGAGAACTGG GTTGCCGTTG GATTTTGTCA TTGAACAAGG 
Kemerovo ATTCGCCATG GACCCTCGGG GCGGCCTCTC GACTTCGTGA TCACGCAGGG 

Consensus -T-------G G ------- G -  ---- CC--T- GA-TT -----  T--------- 
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201 250 
AHSV AAATCA. G TATGATTGTA ACGCTTTCCG AGCGGACCCA CAAACGGGTC 
Palyam TGCCCA ... A TATGATGCAA ACCGTTTTAG AGGAAATATG CAAACTGGAT 
BTV AAATCA. G TACGATTGCA ACGTATTTCG AGCAGATTTT GCAACGGGAA 
EHDV TGGGCA. G TATGATTGTA ACGCTTTTCG CACCAATTTC CWCTGGTG 
Eubenangee AATTCA.. G TATGATTGCA ATCAGTTTAG AGCGAACGCT CAAACAGGAC 
Wallal CATACA. .. G TACGACTGTA AGAAATTTCG AGCGAATCGC GAGACCGGAA 
Warrego GAATCA. .. A TATAATTGTA ACAATTTCAG GGGAGACCCA GAGACGGGAA 
Corriparta GGGCAGGAAT TATGACTGTA ATGTATTAGC ATCAGATCCT AATACGGGTA 
Wongorr AGGTAGAACT TTTGATGCGA ATCAGCTGCG AATGGATCCC GCCACGGGAG 
Kemerovo CCAGCGCGCG TTCGACTGTA ACCAGCTCGC CCAGMCCCC GCCCGGGGCA 

Consensus ----------  T --- A ----- A A ----- T ---  ----- A ----  ------ GG-- 

251 300 
AHSV GAGGTTACAA CGGGTGGGGG GTGGTTGATG TTCAGAGAGT CCAGCCGAGT 
Palyam CAGGGTAThA CGGGTGGGGC TTGGTAGATG TGGAATTCAG ACGGCCTAGT 
BTV CAGGATATAA TGGTTGGGCG ACGATCGATG TTGAGTATAG AGAACCCGCA 
EHDV CGGGATACAA TGGATGGGGA TTGGTAGATG TTGAAAATAG AGAACCAGCA 
Eubenangee AAGGTTATAA TGGGTGGGGT ATTACAGATG TTGAAGTACG AGAGCCAAGT 
Wallal CTGGTTACAA CGGATGGGCG GTTAATGATG TGGAACTAAG AGATCCTAGT 
Warrego GAGGATATAA TGGGTGGGCG GTTCAGATG TTGAGTTACG AGAGCCGAGT 
Corriparta GAGGGTTTAA TGGGTATAAT GTGAACGACG TACG. .. TCA GAAAGAAACA 
Wongorr CTGGCTACAA TGGGTGGCAG TGCGCCGATA TCCA. .. GAG GCGTCAAACG 
Kemerovo ATGGTTATGC AGGCTGGGGG GTCGACGCCG TTGG. .. TGA CCACCCAACC 

Consensus --GG-T----  -GG-T -----  ------ G--- T ---------  ---------- 

301 350 
AHSV CCATATGATC ATGTTCAACG TGTAATCCGT TACTGTGACA TTGATTCAAG 
Palyam CCGTACGACC TAGTACAAAG ACATATTCGA TATTGTGATT TAGATTCGCG 
BTV CCCTACGTAC ATGCTCAGCG TTACATACGA TATTGTGGCA TTGATTCGCG 
EHDV CCATATGATC ATGTACAGCG CTTTATACGA TATTGCAACA TTGATTCCAG 
Eubenangee CCATATGATC ACATCCAAAG ATCCCTCAGA TACTGTGATA TAGACTCGAG 
Wallal CCATATGATC ACGTACAGCG ATTCATCAGG TATTGTGATA TAGACTCACG 
Warrego CCGTACGATA CAGTGCAAAG ACAAATCCGT TACTGTAATA TAGATTCGCG 
Corriparta CCGTATCCTC ACGTCCGTAG ACGAGTTTGT TACACGGGTT ATGATGCTGA 
Wongorr CCATACCCGC ATGTGACGCG ACGCGTTTGC TATGTGGGCT ATGATCCTGA 
Kemerovo CCATACCCGC ATGTGAGGCG TCGTATCCAA TACCTCGGCT ACGTGCCTGA 

Consensus CC-TA -----  --------- G -----T---- TA --------  --G --- C--- 

351 400 
AHSV GGAGATCATA GATCCAAGAA CTTATGGGAT GAATATGACA TATCCAATAT 
Palyam TGAGATAATT GATCCAAGAA CTTTTGGTGT AAATATGAAT TATCCAAATT 
BTV AGAGTTAATC APITCCAACCA CTTATGGAAT TGGTATGACC TATCATTGTT 
EHDV AGAGCTGATA CACCCGGCGA CGTTCGGTAT TGGTATGAAC TACTATTGCT 
Eubenangee AGAAATAATA GAACCAACAA CTTTTGGCAT APJTATGCAA TATTACGCTT 
Wallal CGAAATAATT GAACCAACAA CTTTTGGAGT CAACATGCAG TATCATGTGT 
Warrego GGAGATTGTC GATCCAACAA CATATGGAAT WTATGGAA TATCATGTAT 
Corriparta AGAGGTCCTT GATGAGAGAT ATTCAGGTGA AGATTACACT TACGCGATGT 
Wongorr GGATATCTTG GATGAGAGAA TTTCGGGGAT GGACCACGAG TACGCTATGT 
Kemerovo AGATGTAATC GACGAGAGGT TCTGCGGAGA CGACTTGCGC TACCCGCTCC 

Consensus -GA--T--T---  --------  --T--GG ---  ----------  TA-------- 

401 450 
AHSV TTCGGGAAAT GCTTAGAATG CTAGTTGCTG CGGGAAAAGA TCAAGAAGCA 
Palyam ATAGGGAAAT GATTCGGATT CTGACGGCGG CGGGAAAGGA ACAGGAAGCA 
BTV ATAATGAGAT GTTACGCATG CTGGTCGCTG CAGGTAAGGA CTCGGAGGCA 
EHDV ATAACGAAAT GTTAAGAATG TTGGTTGCTG CAGGAAAGGA TACGGAGGCA 
Eubenangee ATGAGGAGAT GTTGAGAATG CTTGTAGCTG CGGGGAAAGA ACAAGAGGCA 
Wallal ATAATGAGAT GATGCGAATG CTAGTTGCGG CTGGGAPAGA TCAAGAGGCT 
Warrego ACACTGAGAT GATGAGGATG TTGATTGCGG CGGGTAAAGA TTCAGAAGCA 
Corriparta ATGATACGAT GGTTGATGCT CTGCAGCGGA CTGGACATAC ACAGGAGGCG 
Wongorr TCAACTTGAT AATGGAGGCA CTACTGCGTA GCGGGCACGC CCAGGAGAGA 
Kemerovo ATCAAACGAT GTGCGAGGCT TTGGCGATCT CAGGGCACGT GAATGAGAGG 

Consensus --------AT ----------  -- --------  --GG--A ---  ---- GA---- 
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451 500 
AHSV GCTTATTTGA GACAGATGCT GCCTTTTCAT ATGATTCGTT TCGCGCGAAT 
Palyam GCTTTTTTCC GCGCAATGCT GCCGTACCAT ATGATTAGGT TTGCGAGATT 
BTV GCGTATTTTC GCAGTATGTT ACCTTTCCAT ATGGTAAGAT TCGCTAGAAT 
EHDV GCCTTCTTTA GGAACATGTT ACCATTTCAT ATGGTTAGAT TCGCACGTAT 
Eubenangee GCATATTTCC GAGCAATGTT GCCATTCCAT ATGGTGCGAT TTGCAAGAAT 
Wallal GCGTACTTCA GAGCAATGCT GCCATTTCAT ATGGTAAGAT TTGCTAGATT 
Warrego GCGTATTTGC GACAGATGTT ACCATTTCAC ATGGTTAGAT TTGCGAGGAT 
Corriparta AACTATTTGA GATATTTACG ACAGCACCAT ATCGTTCGTT TCGCTTACCT 
Wongorr AATTACATGA ACCTCATGTC TCAACATCAT GTGGTGCGGT TCGCCTACAT 
Kemerovo AATTACGTCG AGATGATGCG GCACGATCAC GTAGTGAGGT TCGCGCATCT 

Consensus --- T --- T --  ------ T---  -- ----- CA- -T--T--G-T T-GC-----T 

501 550 
AHSV AAATCAPJTT ATPJ½ATGAAG ATTTGCTCAG TGCTTTCTCT CTGCCAGATC 
Palyam AAATCAGATT ATTAATGAAG ATTTGTTGAG TGGATTTTCT TTGCCAGATA 
BTV TATCAGATT ATAAATGAGG ATTTACATTC AGTGTTTTCG TTACCAGATG 
EHDV AAATCAGATA ATTAACGAGG ATCTGCACTC GGCTTTCTCG ATGCCTGATG 
Eubenangee AAATCAGATT ATAAACGAAG ATCTTGTCTC TGCGTTTACT TTGCCTGATC 
Wallal AAACCAAATT ATAAATGAGG ACTTATTATG TGCGTTTTCA ATGCCAGATG 
Warrego AAATCAAATT ATAAACGAGG ACTTGTTATC CGCTTTTTCA ATGCCTGATA 
Corriparta GAGTCAGGTG ATAAATCGCG ATCTATTATC TGCATTTTCA CTTCCGGACG 
Wongorr TAGTCAAATA ATCAATCGCG ATCTGCTGTC TGCGTTTACA TTACTCGACA 
Kemerovo CAGTCAGGTC ATCAACCGAG ACCTTGTATC CGCCTTATCG CTGCCTGATG 

Consensus -A--CA--T- AT-AA ---- G A--T ------  -  ---TT--C- -T-C--GA-- 

551 600 
AHSV AGAATTTCGA TGTAGTTCTA CACAACTTGA TACAAGGTAP TTTTGGAGAA. 
Palyam GATTATTCAA TGCCATGATT GGGAATATGC CAGCAGGGTG TTTTGAGAA 
BTV ATATGTTTAA CGCATTACTT CCCGATTTAA TAGCCGGCGC GCATCAGAAT 
EHDV ACCAATTTAA TGTATTACTA GCTAACATGA TCGCAGGCGC ACAAGAAAGG 
Eubenangee ACGCTTTTAA CGCTCTGTTG CCGGACATGA TTCAAGGGAT ATATGATAGA 
Wallal ATCAATTTAPI TGCTCTGTTA CCAAATTTAG TGCAAGGAAT ACATGATAGA 
Warrego ATATATTTGA TACGCTACTT CCAAACTTAA TTAACGGAGT AATGGGTGAT 
Corriparta ACCAATTTAG AGAATTGGCG GCTAGAATTC CTAACGATGA GTTTATCAG 
Wongorr CGGCGTTTGA TGAGCTATCC GACAAGATCC CTTTAGAGGA GATCACGCCG 
Kemerovo AGAGATTCAA CATGCTTGCA GCGGTGTTCC CGAGGGACGC CACCGGACCG 

Consensus ----- TT ---  ----- T ----  ------- T--  ----- G ----  ---------- 

601 637 
AHSV ACGGATCCGG TAGTTTTGGA GGTGAGTTGG GCTTCGA 
Palyam GTAGAACCAA TAACTCTTGA GATAAGTTGG GCTCAAT 
BTV GCAGATCCTG TCGTTTTAGA TGTAAGTTGG ATTTCGC 
EHDV ATGGACCCTG TGGTGTTAGA TATTAGCTGG ATTTCTA 
Eubenangee TTTCAGCCGA TAGTGCTCGA AGTGAGTTGG ATGTCGA 
Wallal ACAGATCCAG TTGTATTAGA AGTGAGTTGG ATATCGA 
Warrego AATGATCCAG TAATACTTGA AGTTGGTTGG ATGTCGA 
Corriparta AACGGACCAG TAGTACTGGA TATATCCTAT GCCTCAT 
Wongorr AACGGTCCCA TCATCCTAGA CATTTCGTAT CACTCAA 
Kemerovo GACGGACCAC TCGTGCTCGA CATAAGTTAT ATGGCGA 

Consensus ------CC-- T-----T-GA --T ---- T--------- 
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2.2. Alignment of the partial VP3 amino acid sequences of ten Orbivirus serogroups. 

Conserved amino acids are indicated in a consensus sequence. 

1 50 
BTV CCKACDPAVR MVAGVVGHLL FTAGGRFTNL TQNMARQLDI ALNDYLLYMY 
EHDV CCKACDPAVR MVAGVVGHLM FTAGPRFTNI TQNTVIARQLDI ALADFLLYMY 
Eubenangee CCKACDPTTR MVAGVVGHLM FTFGRRFTNI TVNMARQLDM ALSDFLQYMY 
Wallal CCKACIJPTMR MVAGVVGHLM FTYGRRFTNI TTNMAQQLDI ALNDFLLYMY 
Warrego CCKACDPTTR MVAGVVGHLM FTYGPRFTNI TA}IMADALDR ALGDFLLYMY 
ABSV CCKAGDPVLR NVAGVLGHVM FTYGPIMTNI TPTMAELLDA ALSDYLLYMY 
Palyam CCKAGDPVTR MVSGVIGHLM FTFGPRFTNI TQTMATLLDS ALNDFLLYMY 
Corriparta CCKACDPISR GVAGVVGKLM LSYGPNIFNI TSRTARLLDK ACAIFFQKID 
Wongorr CCKAGDPVVR SVRGIIGKIM FSYGPRIFNI TPRTARLLDR AASDYLTSLT 
Kemerovo CCKAGDVVAQ SVAGVLGKLL FSYGPALFNI TPHTPGPLIV HAPLSCKWQP 

Consensus CCKA-D----  -V-G--G ---  --- G ---- N- T ------ L------------ 

51 100 
BTV NTRVQVNYGP TGEPLDFQIG .RNQ.YDCNV FRADFATGTG YNGWATIDVE 
EHDV NTRIQVQYGP TGEPLDFRIG .RGQ.YDCNA FRTNFQTGAG YNGWGLVDVE 
Eubenangee NTRIPINRGA SGEPLDFRIG .RIQ.YDCNQ FRANAQTGQG YNGWGITDVE 
Wallal NATMPVTYGQ TGVPLDFRIG .RIQ.YDCKK FRANRETGTG YNGWAVNDVE 
Warrego GTRTPVAFGP TGQPLDFHIG .RNQ.YNCNN FRGDPETGRG YNGWAVQDVE 
AHSV NNRIPINYGP TGQPLDFRIG ARNQ.YDCNA FRADPQTGRG YNGWGV\TIJVQ 
Palyam NNRVRVDYGA SGQPLDFHIG GRAQ.YDANR FRGNMQTGSG YNGWGLVDVE 
Corriparta DSGGVLRMGP TANPLDFRVE .RGRNYDCNV LASDPNTGRG FNGYNVNDVR 
Wongorr DERRTIRRGR TGLPLDFVIE QGGRTFDANQ LRMDPATGAG YNGWQCADIQ 
Kemerovo MIRRTIRHGP SGRPLDFVIT QGQRAFDCNQ LAQNPARGNG YAGWGVDAVG 

Consensus --------G- ---PLDF ---  ----------  ------- G-G --G------- 

101 150 
BTV YREPAPYVHA QRYIRYCGID SP.ELINPTTY GIGMTYHCYN EMLRMLVAAG 
EHDV NREPAPYDHV QRFIRYCNID SRELIHPATF GIGMNYYCYN EMLRMLVAAG 
Eubenangee VREPSPYDHI QRSLRYCDID SREIIEPTTF GINTIQYYAYE EMLRMLVAAG 
Wallal LRDPSPYDHV QRFIRYCDID SREIIEPTTF GVNTVIQYHVYN EMMRMLVAAG 
Warrego LREPSPYDTV QRQIRYCNID SREIVDPTTY GINNEYHVYT EMMRMLIAAG 
AHSV RVQPSPYDHV QRVIRYCDID SREIIDPRTY GNNNTYPIFR EMLRMLVAAG 
Palyam FRRPSPYDLV QRHIRYCDLD SREIIDPRTF GVNMNYPNYR EMIRILTAAG 
Corriparta .QKETPYPHV RRRVCYTGYD AEEVLDERYS GEDYTYAI1YD TMVDALQRTG 
Wongorr .RRQTPYPHV TRRVCYVGYD PEDILDERIS GMDHEYA4FN LIMEALLRSG 
Kemerovo .DHPTPYPHV RRRIQYLGYV PEDVIDERFC GDDLRYPLHQ TMCEALAISG 

Consensus -----  py---  -- --- y ----  ----------  G ---- Y ----  -----  L --- G 

151 200 
BTV KDSEAAYFRS MLPFHMVRFA RINQIINEDL HSVFSLPDDM FNALLPDLIA 
EHDV KDTEAAFFRN MLPFHMVRFA RINQIINEDL HSAFSNPDDQ FNVLLAIA 
Eubenangee KEQEAPYFRA MLPFHMVRFA RINQIINEDL VSAFTLPDHA FNALLPDMIQ 
Wallal KDQEAAYFRA MLPFHMVRFA RLNQIINEDL LCAFSMPDDQ FNALLPNLVQ 
Warrego KDSEAAYLRQ MLPFHMVRFA RINQIINEDL LSAFSNPDNI FDTLLPNLIN 
AHSV KDQEAAYLRQ MLPFHMIRFA RINQIINEDL LSAFSLPDQN FDVVLHNLIQ 
Palyam KEQEAAFFRA MLPYHMIRFA RLNQIINEDL LSGFSLPDRL FNAIVIIGNNPA 
Corriparta HTQEANYLRY LRQHHIVRFA YLSQVINRDL LSAFSLPDDQ FRELAARIPN 
Wongorr HAQERNYIVINL NSQHHVVRFA YISQIINRDL LSAFTLLDTA FDELSDKIPL 
Kemerovo HVNERNYVEM NRHDHVVRFA HLSQVINRDL VSALSLPDER FNMLAAVFPR 

Consensus --- E ------  ---- H--RFA ---Q-IN-DL -------D-- F--------- 

201 217 
BTV GA}{QNADPVV LDVSWIS 
EHDV GAQERMDPVV LDISWIS 
Eubenangee GIYDRFQPIV LEVSWMS 
Wallal GIHDRTDPVV LEVSWIS 
Warrego GVNGDNDPVI LEVGWMS 
AHSV GNFGETDPW LEVSWAS 
Palyam GCFEEVEPIT LEISWAQ 
Corriparta DEFNQNGPVV LDISYAS 
Wongorr EEITPNGPII LDISYHS 
Kemerovo DATGPDGPLV LDISYMA 

Consensus -------P-- L------ 
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3. Wongorr serogroup sequence alignments 

3.1. Alignment of the partial nucleotide sequences coding for VP3 of eight Wongorr serogroup 

viruses. Conserved nucleotides are indicated in a consensus sequence. (Alignment done using the 

GCG programs Pileup and Lineup, and the program Pretty to obtain the consensus sequence). 

1 50 
V195 ATTTAACATC ACCCCACGCA CCGCTCGTTT GCTAGATCGG GCTGCATCAG 
V595 ATTTAACATC ACCCCACGCA CCGCTCGTTT GCTAGACCGG GCTGCATCAG 
CS131 ATTTAACATC ACCCCACGCA CCGCTCGTTT GCTAGACCGG GCTGCGTCAG 
V199 ATTTAACATC ACCCCACGCA CCGCTCGTTT GCTAGACCGG GCTGCGTCAG 
V1447 ATTTAACATC ACCCCACGCA CCGCTCGTTT GCTAGATCGG GCTGCGTCAG 
Paroo River virus CTTTAACATC ACGCCTCGCA CAGCGCGACT ACTGGATAGA GCGGCATCAG 
Picola virus CTTTAACATC ACGCCTCGCA CAGCGCGACT ACTGGATAGA GCGGCATCAG 
Wongorr virus CTTTAACATC ACGCCTCGTA CAGCGCGACT GCTGGATAGA GCGGCATCAG 

Consensus -TTThACATC AC-CC-CG-A C-GC-CG--T -CT-GA---G- GC-GC-TCAG 

51 100 
V195 ATTATCTAAC ATCACTAACG GATGAGAGGC GAACTATACG CCGGGGCAGA 
V595 ATTATCTAAC ATCACTAACG GATGAGAGGC GAACTATACG CCGGGGCAGA 
CS131 ATTATCTAAC ATCACTAACG GATGAGAGGC GGACTATACG CCGGGGCAGA 
V199 ATTATCTAAC ATCACTAACG GACGAGAGGC GGACTATACG CCGGGGCAGA 
V1447 ATTATCTAAC ATCACTAACG GATGAGAGGC GGACTATACG CCGGGGCAGG 
Paroo River virus ATTATTTAAC TTCGTTAACT GACGAGAGAC GACGATACG GAGAGGGAGA 
Picola virus ATTATTTAC TTCGTTAACT GACGAGAGAC GAACGATACG GAGAGGGAGA 
Wongorr virus ATTACTTAAC TTCGTTAACC GATGAGAGAC GAACCATACG GAGAGGGAGA 

Consensus ATTA--TAAC -TC--TAAC- GA-GAGAG-C G-AC-ATACG --G-GG-AG- 

101 150 
V195 ACCGGGTTAC CACTGGATTT TGTCATTGAA CAGGGAGGCA GAACTTTTGA 
V595 ACCGGGTTAC CACTGGATTT TGTCATTGAA CAGGGAGGCA GAACTTTTGA 
CS131 ACCGGGTTAC CACTGGATTT TGTCATTGAA CAGGGAGGCA GGACTTTTGA 
V199 ACCGGGTTAC CACTGGATTT TGGCATTGAA CAGGGAGGCA GGACTTTTGA 
V1447 ACCGGGTTAC CACTGGATTT TGTCATTGAA CAGGGAGGCA GGACTTTTGA 
Paroo River virus ACTGGGTTGC CGTTGGATTT TGTCATTGAA CAAGGAGGTA GGACCTTTGA 
Picola virus ACTGGGTTGC CGTTGGATTT TGTCATTGAA CAAGGAGGTA GGACCTTTGA 
Wongorr virus ACTGGGTTGC CGTTGGATTT TGTCATTGAA CAAGGAGGTA GAACTTTTGA 

Consensus AC-GGGTT-C C--TGGATTT TG-CATTGAA CA-GGAGG-A G-AC-TTTGA 

151 200 
V195 CGCCAACCAG TTACGCATGG ACCCCACGAC AGGCGCCGGC TATAATGGGT 
V595 CGCCAATCAG TTACGCATGG ACCCCACGAC AGGCGCCGGC TATAATGGGT 
CS131 CGCCAATCAG CTACGCATGG ACCCCACGAC AGGTGCCGGC TATAATGGGT 
V199 CGCCAATCAG CTACGCATGG ACCCCACGAC AGGTGCCGGC TATAATGGGT 
V1447 CGCCAATCAG CTACGCATGG ACCCCACGAC AGGTGCCGGC TATAATGGGT 
Paroo River virus CGCGAATCAG CTACGAATGG ATCCCGCCAC GGGAGCTGGC TACAATGGGT 
Picola virus CGCGAATCAG CTACGAATGG ATCCCGCCAC GGGAGCTGGC TACAATGGGT 
Wongorr virus TGCGAATCAG CTGCGAATGG ATCCCGCCAC GGGAGCTGGC TACAATGGGT 

Consensus -GC-AA-CAG -T-CG-ATGG A-CCC-C-AC -GG-GC-GGC TA-AATGGGT 

201 250 
V195 GGCAGTGCGC CGATGTGCAG CGACGTCAGA CGCCTTATCC GCATGTAACG 
V595 GGCAGTGCGC CGATGTGCAG CGACGTCAGA CGCCTTATCC GCATGTAACG 
CS131 GGCAGTGCGC CGATGTGCAG CGACGTCAGA CGCCTTACCC ACATGTGACA 
V199 GGCAGTGCGC CGATGTGCAG CGACGTCAGA CGCCTTACCC ACATGTGACA 
V1447 GGCAGTGCGC CGATGTGCAG CGGCGTCAGA CGCCTTACCC ACATGTGACA 
Paroo River virus GGCAGTGCGC CGATATTCAA AGGCGTCAAA CGCCGTACCC GCATGTAACG 
Picola virus GGCAGTGCGC CGATCTTCAA AGGCGTCAA CGCCGTACCC GCATGTAACG 
Wongorr virus GGCAGTGCGC CGATATCCAG AGGCGTCAAA CGCCATACCC GCATGTGACG 

Consensus GGCAGTGCGC CGAT-T-CA- -G-CGTCA-A CGCC-TA-CC -CATGT-AC- 
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251 300 
V195 CGACGCATCT GTTACGTCGG ATATGATCCA GAGGATATAC TGGATGAGAG 
V595 CGACGCATCT GTTACGTTGG ATATGATCCA GAGGATATTC TGGATGAGAG 
CS131 CGACGCATCT GTTACGTTGG ATATGATCCA GAGGATATTC TCGATGAGAG 
V199 CGACGCATCT GTTACGTTGG ATATGATCCA GAGGATATTC TCGATGAGAG 
V1447 CGACGCATCT GTTACGTTGG ATATGATCCA GAGGATATTC TCGATGAAAG 
Paroo River virus CGGCGCGTTT GCTATGTCGG CTATGATCCT GAGGACATCT TAGATGAGAG 
Picola virus CGGCGCGTTT GCTATGTCGG CTATGATCCT GAGGACATCT TAGATGAGAG 
Wongorr virus CGACGCGTTT GCTATGTGGG CTATGATCCT GAGGATATCT TGGATGAGAG 

Consensus CG-CGC-T-T G-TA-GT-GG -TATGATCC- GAGGA-AT-- T-GATGA-AG 

301 350 
V195 GATTTCAGGG ATGGATCATG AGTACGCGAT GTTTAACCTT ATTATGGAAG 
V595 GATTTCAGGG ATGGATCATG AGTACGCGAT GTTTAACCTT ATTATGGAAG 
CS131 GATTTCAGGG ATGGATCATG AATATGCGAT GTTTAACCTT ATTATGGAAG 
V199 GATTTCAGGG ATGGATCATG AATATGCGAT GTTTAACCTT ATTATGGAAG 
V1447 GATTTCAGGG ATGGATCATG AATATGCGAT GTTTAACCTT ATTATGGAAG 
Paroo River virus AATTTCGGGA ATGGACCACG AGTACGCTAT GTTCAACTTG ATAATGGAGG 
Picola virus AATTTCGGGA ATGGACCACG AGTACGCTAT GTTCAACTTG ATAATGGAGG 
Wongorr virus AATTTCGGGG ATGGACCACG AGTACGCTAT GTTCAACTTG ATAATGGAGG 

Consensus -ATTTC-GG- ATGGA-CA-G A-TA-CC-AT GTT-AAC-T- AT-ATGGA-G 

351 400 
V195 CTTTACTGCG TAGCGGACAC GCGCAGGAGA GGAATTACAT GAACCTCATG 
V595 CTTTACTGCG TAGCGGACAC GCCCAGGAGA GGAATTACAT GAACCTCATG 
CS131 CTTTACTGCG TAGCGGACAC GCGCAGGAGA GGAATTACAT GAACCTCATG 
V199 CTTTACTGCG TAGCGGACAC GCGCAGGAGA GGAATTACAT GAACCTCATG 
V1447 CTCTACTGCG TAGCGGACAT GCGCAGGAGA GGAATTACAT GAACCTCATG 
Paroo River virus CGTTACTGCG TAGCGGACAC GCCCAGGAGA GAAATTACAT GAACCTCATG 
Picola virus CGTTACTGCG TAGCGGACAC GCCCAGGAGA GAAATTACAT GAACCTCATG 
Wongorr virus CACTACTGCG TAGCGGGCAC GCCCAGGAGA GAAATTACAT GAACCTCATG 

Consensus C--TACTGCG TAGCGG-CA- GC-CAGGAGA G-AATTACAT GAACCTCATG 

401 450 
V195 TCACAGCATC ATGTAGTCCG ATTCGCATAC CTCAGCCAGA TCATAAATCG 
V595 TCACAGCATC ATGTAGTCCG ATTCGCATAC CTCAGCCAGA TCATAAATCG 
CS131 TCACAGCATC ATGTAGTCCG ATTCGCATAC CTCAGCCAGG TCATAAATCG 
V199 TCACAGCATC ATGTAGTCCG ATTCGCATAC CTCAGCCAGG TCATAAATCG 
V1447 TCACAGCATC ATGCAGTCCG ATTCGCATAC CTCAGCCAGG TCATAAATCG 
Paroo River virus TCTCAACATC ATGTGGTGCG GTTTGCCTAC ATCAGTCAAA TAATCAATCG 
Picola virus TCTCAACATC ATGTGGTGCG GTTTGCCTAC ATCAGTCAAA TAATCAATCG 
Wongorr virus TCTCAACATC ATGTGGTGCG GTTCGCCTAC ATTAGTCAAA TAATCAATCG 

Consensus TC-CA-CATC ATG--GT-CG -TT-GC-TAC -T-AG-CA-- T-AT-AATCG 

451 500 
V195 CGACCTATTG TCCGCATTTA CCCTGCCAGA CACCGCCTTC GACGAACTAT 
V595 CGACCTATTG TCCGCATTTA CCCTGCCAGA CACCGCCTTC GACGAACTAT 
CS131 CGACCTATTG TCCGCATTCA CCCTGCCAGA CACCGCCTTC GACGAACTAT 
V199 CGACCTATTG TCCGCATTCA CCCTGCCAGA CACCGCCTTC GACGAACTAT 
V1447 CGACCTATTG TCCGCGTTCA CCCTGCCAGA CACCGCCTTC GACGAACTAT 
Paroo River virus CGATCTACTG TCCGCGTTTA CATTACCCGA CACGGAGTTT GATGAGCTAT 
Picola virus CGATCTACTG TCCGCGTTTA CATTACCCGA CACGGCGTTT GATGAGCTAT 
Wongorr virus CGATCTGCTG TCTGCGTTTA CATTACTCGA CACGGCGTTT GATGAGCTAT 

Consensus CGA-CT--TG TC-GC-TT-A C--T-C--GA CAC-G--TT- GA-GA-CTAT 

501 550 
V195 CTGATAAGAT CCCGCTGGAA GAGATA 
V595 CTGATAAGAT CCCGCTGGAA GAGATA 
CS131 CTGATAAGAT TCCGCTGGAA GAGATA 
V199 CTGATAAGAT CCCGCTGGAA GAGATA 
V1447 CTGATAAGAT CCCGCTGGAA GAGATA 
Paroo River virus CTGATAAGAT CCCCTTAGAA GAGATC 
Picola virus CTGACAAGAT CCCCTTAGAA GAGATC 
Wongorr virus CCGACAAGAT CCCTTTAGAG GAGATC 

Consensus C-GA-AAGAT -CC--T-GA- GAGAT- 
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3.2. Alignment of the partial amino acid sequences of VP3 of eight Wongorr serogroup 

isolates. The Wongorr protoype sequence (MRM 13443) is used as the reference sequence, and only 

those amino acids that differ from the reference are shown. (Alignment done using the ALIGN Plus 

program). 

1 50 
MRM13 443 FNITPRTARLLDRAASDYLTSLTDERRTIRRGRTGLPLDFVIEQGGRTFD 
Picola virus 
Paroo River virus 
CS131 
V195 
V199 ........................................G ......... 
V595 
V1447 

51 100 
NRM13443 ANQLRMDPATGAGYNGWQCADIQRRQTPYPHVTRRVCYVGYDPEDILDER 
Picolavirus ..................... L ............................ 
Paroo River virus 
CS131 T ............V ............. I .............. 
V195 T ............V ............. I .............. 
V199 T ............V ............. I .............. 
V595 T ............V ............. I .............. 
V1447 T ............V ............. I .............. 

101 150 
MRM13443 ISGMDHEYA1FNLIMEALLRSGHAQERNYMNLMSQHHVVRFAYISQIINR 
Picola virus 
Paroo River virus 
CS131 ........................................... L. .V.. 
V195 ...........................................L ...... 
V199 ........................................... L. .V... 
V595 ...........................................L ...... 
V1447 .....................................A ..... L. .V... 

151 175 
MRM13 443 DLLSAFTLLDTAFDELSDKI PLEE I 
Picola virus P ................ 
Paroo River virus P. .E ............. 
C5131 P ................ 
V195 P ................ 
V199 P ................ 
V595 P ................ 
V1447 P ................ 
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4. Sequence alignments of four Orbiviruses. 

The nucleotide and amino acid sequences of VP3 of four Orbivirus serogroups were compared 

over their full length as well as over three cognate regions. The homologies of each pair of sequences 

are given as percentages in Tables 2, 3, 4 and 5. The regions compared are shown in Table 1. 

Sequence data for BTV, EHDV and AHSV were obtained from Ian Pritchard, AAHL, and the 

Kemerovo sequence (Broadhaven Virus) was from Moss el al, 1992. Sequences were aligned and 

compared using the ALIGN Plus program (Version 2, 1992, Scientific and Educational Software). 

Table 1. The three regions of the nucleotide and amino acid sequences that were used in paired 

homology comparisons of the four Orbivirus serogroups. 

Full length 5' end Middle third 3' end 

Nucleotide sequence 

BTV 1-2772 1-911 912-1808 1809-2772 

EHDV 1-2768 1-905 906-1802 1803-2768 

AHSV 1-2792 1-929 930-1829 1830-2792 

Kemerovo 1-2792 1-921 922-1821 1822-2792 

Amino acid sequence 

BTV 1-901 1-298 299-597 598-901 

EHDV 1-899 1-296 297-595 596-899 

AHSV 1-905 1-301 302-601 602-905 

Kemerovo 1-908 1-301 302-601 602-908 
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Table 2. Paired comparisons of complete YP3 sequences of four Orbivirus serogroups 

% AMINO ACID HOMOLOGY 

(Number of amino acids compared) 

I1TV (901) EIII)V (899) AIISV (90) KEM (908) 

BTV (2772) * 79 57 35 

IIJI)V (2768) 69 * 59 36 

AIISV (2792) 60 60 * 35 

KEM (2792) 44 45 43 * 

% NEJCLEOTIDE SEQUENCE HOMOLOGY 

(Number of nucicotides compared) 

Table 3. Paired comparisons of the 5' end of the VP3 nucleotide and amino acid sequences of 

four Orbivirus serogroups 

% AMINO ACID HOMOLOGY 

(Number of amino acids compared) 

BTV (298) IIhI)V (296) AIISV (301) KEM (301) 

BTV (911) * 72 51 33 

Ehh1)V (905) 65 * 53 34 

AIISV (929) 55 57 * 29 

KEM (921) 47 45 44 * 

% NIJCLEOTIDE SEQUENCE HOMOLOGY 

(Number of nucicotides compared) 
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Table 4. Paired comparisons of the cognate sequences of the middle region of VP3 of four 
Orbivirus serogroups 

% AMINo ACII) hOMOLOGY 

(Number of amino acids compared) 

BTV (299) EIhI)V (299) AIISV (300) KEM (300) 

BTV (897) * 83 67 38 

IHI)V (897) 72 * 68 40 

AIISV (900) 62 63 * 40 

KEM (900) 47 48 48 * 

% NUC EOTIDE SEQUENCE hOMOLOGY 

(Position of n ucleotides compared) 

Table 5. Paired comparisons of the 3' end of the nucleotide and amino acid sequences of VP3 of 

four Orbiviruses 

% AMINO ACID HOMOLOGY 

(Number of amino acids compared) 

BTV (304) EIIDY (304) AIISV (304) KEM (307) 

BTV (964) * 80 55 32 

EIII)V (966) 70 * 54 32 

AIISV (963) 59 58 * 30 

KEM (971) 44 44 42 * 

% NLJCLEOTII)E SEQUENCE hOMOLOGY 

(Position of nuelcotides compared) 
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