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Claim
An isolated small RNA virus wherein the virus is up to 40nm in size.

is not occluded, infects insect species including Heliothis species, and

comprises a genome hybridizable with the nucleotide sequence of RNA 1
(SEQ ID No: 39) or RNA 2 (SEQ ID No: 47).
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INSECT VIRUSES AND THEIR USES IN PROTECTING PLANTS

FIELD OF TIIE INVENTION
The present invention relates to insect viruses useful in control of insect attack on plants.

It particularly relates to biological insecticides, especially those comprised of insect

viruses. In particular applications, the invention also provides recombinant viruses and

transgenic plants.

BACKGROUND OF THE INVENTION

There is increasing awareness of the desirability of insect pest control by biological
agents. Considerable effort in recent years has been devoted to the identification and
exploitation of DNA viruses with large genomes, especially the baculoviruses. These
viruses generally require extensive genetic manipulation to become effective insecticides,

and the first such modified viruses are only now being evaluated.

In contrast, very little effort has been devoted to the study and use of small viruses with

RNA genomes.

Four main groups of small RNA viruses have been isolated from insects. These include
members of the Picornaviridae, the Nodaviridae, the Tetraviridae and the unclassified
viruses. Descriptions of these groups can be found in the Atlas of Invertebrate Viruses
(eds J.R. Adams and J. R. Bonami) (CRC Press, Boca Raton, 1991) and Viruses of
Invertebrates (ed. E. Kurstak) (Marcel Dekker, New York, 1991). These disclosures

relating to these viruses concern their pathology and biology, not their use in biological

control.

SUMMARY OF THE INVENTION
In a first aspect of the present invention there is provided an isolated small RNA virus

capable of infecting insect species including Heliothis species, wherein the virus is up to

40nm in size and is not occluded.
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In one particular embodiment, the present invention provides an isolated
preparation of Heliothis armigera stunt virus referred to as "HaSV" herein,

In a further aspect of the present invention there is provided an isolated
nucleic acid molecule comprising a nucleic acid sequence hybridizable with
RNA 1 (SEQ ID No: 39) or RNA 2 (SEQ ID No: 47) described herein under

low stringency conditions.

In still a further aspect the invention provides a vector comprising a nucleic
acid molecule, the sequence of which is hybridizable with RNA 1 (SEQ ID No:
39) or RNA 2 (SEQ ID No: 47) as described herein. These vectors include
expression and transfer vectors for use in animals including insect, plant and .
bacterial cells, '

— 15— Imrafurther-aspect the inventdon provid Q)

20

25

preparation of the proteins or polypeptides derivable from the isolated virus
the present invention. The invention also extends to antibodies specific for the

protein and polypeptide preparations.

In a yet further aspect the invention provides a recombipdnt insect virus vector
incorporating all or a part of the isolated virus of the present invention.

In a still further aspect of the present inyefition there is provided a method of
controlling insect attack in a plant corfiprising genetically manipulating said

In anpther aspect of the present invention there is provided a preparation of
aSV or a mutant variant or derivative thereof, or an insecticidally effective

ion.of HaSV . Jerivative thereof. suitable.§ licati
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In a further aspect the invention provides an isolated nucleic acid
molecule of 15 or more nucleotides in length, said molecule comprising a
nucleic acid sequence hybridisable with RNA 1 (SEQ 1D No: 39) or RNA 2
(SEQ ID No: 47) under low stringency conditions, preferably medium
stringency conditions, most preferably high stringency conditions.

In a still further aspect the invention provides an isolated protein or
polypeptide preparation of the proteins or polypeptides derivable from the
isolated virus of the present invention. The invention also exiends to
antibodies specific for the protein and polypeptide preparations.

In a yet further aspect the invention provides a recombinant insect
virus vector incorporating all or a part of the isolated virus of the present
invention.

In a still further aspect of the present invention there is provided a
method of controlling insect attack in a plant comprising genetically
manipulating said plant so that it is capable of expressing HaSV or mutants,
derivatives or variants thereof or an insecticidally effective portion of HaSV,
mutants, va-iants thereof or derivatives thereof and optionally other
insecticidally effective agents such that insects feeding on the plants are
deleteriously effected.

In another aspect of the present invention there is provided a
preparation of HaSV or a mutant variant or derivative thereof, or an
insecticidally effective portion of HaSV, mutant, variant or derivative thereof,

suitable for application




to plants, wherein the preparation is capable of imparting an insect protective eflect.

In yet another aspect, the present invention provides a capsovector for use in controlling
insect pests, comprising a capsid protein from a. insect small RNA virus of up to 40nm
in size which is not occluded and infects insect species including Heliothis species, said
capsid protein encapsidating;

(i) an insecticidal protein toxin, or

(i)  anucleic acid molecule which is insecticidal or which encodes an insecticidal

protein toxin,
such that the protein toxin/nucleic acid molecule is protected from inactivation in the gut

of an insect following ingestion of the capsovector by the insect.
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BRIEF DESCRIPTION OF FIGURES

Figure 1 is the complete sequence nERNA 1 (SEQ ID No: 39) and of major encoded
polypeptide.
Figure 2 is the complete sequence of RNA 2 (SEQ ID No: 47) in the authentic version,
and its encoded polypeptides (the RNA 2 variant (SEQ ID No: 51) called the "5C
version" is also shown around nucleotide position 570 [the amino acid sequence
encoded by the 5C version is not included in this Figure but this may be deduced from
the nucleotide sequence given]).
Figure 3 is bioassay data showing HaSV-induced stunting of larvae.
Figure 4 is a schematic representation of the proteins encoded by RNA 1 (SEQ ID No:
39) and RNA 2 (SEQ ID No: 47).
Figure 5 is a schematic representation of the proteins expressed by RNA 2 (SEQ ID No:
47) in bacteria DNA fragments encoding P17 (SEQ ID No: 48), P71 (SEQ ID No: 50),
P64, P7 and the fusion protein P70 (SEQ 1D No: 52) were synthesised by PCR. The
flanking Ndel and BamHI sites used in cloning are indicated. (Note that P17 is followed
by a BgllI site, whose cohesive ends are compatible with those of BamHI).
Figure 6 illustrates the 3'-terminal secondary structure of HaSV RNAs, The tRNA-like
structures at the 3' ends of RNAs 1 and 2 (SEQ ID Nos: 39 and 47) are shown.
Residues in bold are common to both sequences.
Figure 7 Expression strategies for HaSV cDNAs in insect cells, The upper part of the
figure shows the genome organization of RNAs 1 and 2 (SEQ ID Nos: 39 and 47). The
lower part shows insertion of cDNAs corresponding to these RNAs into a plasmid
vector, between the heat shock protein (HSP70) promoter of Drosophila and a suitable
polyadenylation (pA) signal. The HSP promoter was obtained by PCR using suitable
primers, with a BaMHI site inserted by PCR immediately upstream of the start of

transcription, giving the following sequence:
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GGATCCACAGnnn (SEQ ID No: 1), where the underlined residue is the
transcription start site for either RNA. The cDNAs are termined by Clal sites,
allowing direct linkage to ribozyme sequences as described in the text.

Figure 8 Ribozymes to yield correct 3’ ends. The sequences of the ribozymes
inserted as short cDNA fragments into HaSV ¢cDNA clones are shown. The
ribozyme fragments were assembled and cloned as described in the text.
Designed self-cleavage points are indicated by bold arrows.

Figure 9 Immunoblots to map epitopes on HaSV. A. Detected with HaSV
antiserum, Lane 1: pTP70delSP; lane 2: pTP70; lane 3: pTP17; lane 4: control;
lane S: pTP70delN; lane 6: pTP70; lane 7: pTP71; lane 8: HaSV virions;

lane 9: molecular weight markers. B. Detected with HaSV antiserum, Lane }:
pTP70delN; lane 2: pTP70delSPN; lane 3: pTP70. C. Detected with an
antiserum to the Bt toxin (CrylA(c)). lane 1: pTP70; lane 2: HaSV virions;
lane 3: control extract.

Figure 10 New field isolates of HaSV. The genomic organization of RNA 2
(SEQ ID No: 47) is shown at the top of the Figure. PCR using appropriate
primers with BamHI restriction sites and in some cases altered context
sequences of the AUG initiating translation of the P17 (SEQ ID No: 48) or
P71 (SEQ ID No: 50) genes were used to make fragments for cloning into the
BamHI sites of the expression vectors. Constructs 17E71 (SEQ ID No: 35)
and P71 (SEQ ID No: 50) have altered context sequences of the AUG
initiating translation of the P17 (SEQ ID No: 48) and P71 (SEQ ID No: 50)
genes respectively; these alterations correspond to the context derived from the
JHE gene (see text). All context sequences are given on the right of the
figure. R2 is a clone of the complete RNA sequence as a BamHI fragment in
the vector.

Figure 11 Maps of the expression constructs in baculovirus vectors.

Figure 12 a to ¢ Various strategies udlising the present invention.

Figure 13 Expression of RNAs 1 and 2 (SEQ ID Nos: 39 and 47) from
baculovirus vectors. The full-length cDNA clone of HaSV RNA 1 or 2 (SEQ
ID Nos: 39 and 47) was inserted as a BamHI fragment into the
baculoexpression vectors. PCR was used to add BamHI sites immediately
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adjacent to the 5’ and 3’ termini of the RNA 1 (SEQ ID No: 39) sequence;
sequences of the primers are given in the text. Constructs RIRZ and R2RZ
carry cis-acting ribozymes immediately adjacent to the 3’ end of the sequence
of RNA 1 and 2 (SEQ ID Nos: 39 and 47) respectively.
Figure 14 Expression strategies for HaSV ¢cDNAs in plant cells. The upper
part of the Figure shows the genome organization of RNAs 1 and 2 (SEQ ID
Nos: 39 and 47). The lower part shows insertion of cDNAs corresponding to
these RNAs into a plasmid vector, between 35S promoter of cauliflower
mosaic virus and the polyadenylation (pA) signal on plasmid pDHS1 (Pietrzak
et al, 1986). The cDNAs were obtained by PCR using suitable primers, with a
BaMHI site inserted by PCR immediately upstream of the start of each cDNA.
The cDNAs are terminated by Clal sites, allowing direct linkage to ribozyme .
sequences as described in the text.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS |
A first aspect of the invention contemplates use of small RNA viruses for
biological control of insects. In particular, in accordance with the first aspect
of this invention there is provided an isolated small RNA virus, particularly H.
armigera stunt virus or mutants, variants or derivatives thereof capable of
infecting insects, in particular the insect species such as Helicoverpa armigera.
The small RNA virus isolate of the instant invention is insecticidal and in
particular stunts the growth of insect larvae, for example Helicoverpa armigera
larvae and inhibits or prevents development into the adult stage.

The small RNA viruses of the instant invention have insecticidal. anti-feeding,
gut-binding or any synergistic property or other activity useful for insect
control.

In particular, Helicoverpa armigera stunt virus (HaSV) particles are isometric
and approximately 36 nm in diameter with a buoyant density on CsCl gradients
of 1.36g/ml. The virus is composed of two major capsid proteins of
approximately 64 and 7 KDa in size as determined on SDS-PAGE. The HaSV

AMENDED SHEET : |
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genome is much later than the largest known nodavirus (another class of RNA
viruses) and comprises two ss (+) RNA molecules of approximately 5.3 and
2.4 kb. The genome appears to lack a blockage of unknown structure at the
3’ termini that is found in Nodaviridae, The HaSV genome however shares a

5 capped structure and non-polyadeayiation with Nodaviridae. HaSV differs
significantly from Nodaviridae and Nudaurelia ® virus in terms of its
immunological properties. In particular the large capsid protein has different
antigenic determinants. Other properties of HaSV are described in the
Examples.

10
The host range of HaSV includes Lepidopterans such as from the subfamily
Heliothinae. Species known to be hosts are Helicoverpa (Heiiothis) armigera, ;
H. punctigera, H. zea, Heliothis virescens and other such noctuides as Spodoptéu
exigua. H. armigera which is known by the common names corn ear worm,

15 cotton ball worm, tomato grub and tobacco bud worm is a pest of economic
significance in most countries. H.punctigera, the native bud worm, is a pests of
the great economic significance in Australia. Members of the Heliothinae,
which include Helicoverpa and Heliothis, and especially H.armigera are among
the most important and widespread pests in the world. In the US Heliothis

20 virescens and Helicoverpa zea are particularly important pests.

The first aspect of the invention provides an isolated small RNA virus capable
of infecting insects including Heliothis specics. .In a particularly preferred form
the invention relates to mutants, variants and derivatives of HaSV. The terms

25 "mutant", "variant and "derivative" include all naturally occurring and artificially
created viruses or viral components which differ from the HaSYV isolate as
herein described in nucleotide content or sequence, amino acid content or
sequence, immunological reactivity, non-glycosylation or glycosylation pattern
and/or infectivity but generally retain insecticidal activity. Specifically the

30 terms "mutant”, "variant" and "derivative" of HaSV covers small RNA viruses |
which have one or more functional characteristic of HaSV described herein.
Examples of mucants, variants or derivatives of HaSV include small RNA |

|
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viruses that have different nucleic or amino acid sequences from HaSV but
retain one of more functional features of HaSV. These may include strains
with genetically silent substitutions, strains carrying replication and
encapsidation sequences and signals that are functionally related to HaSV, or
strains that carry functionally related protein domains.

In a preferred aspect the invention relates to mutants, variants or derivatives
2of HaSV which encode replication or encapsidation sequences, structures or
signals with 60%, preferably 70%, more preferably 80%, stiil more preferably
90% and even more preferably 95% nucleotide sequence identity to the
nucleotide sequences HaSV.

In another preferred aspect the invention relates to mutants, variants or
derivatives of HaSV which encode proteins with at least 50%, preferably 60%,
preferably 70%, more preferably 80%, still more preferably 90% and even
more preferably 95% amino acid sequence identity to proteins or polvpeptides
of HaSV.

In another preferred aspect the invention relates to mutants, variants or
derivatives of HaSV with 50%, more preferably 60%, still more preferably
70%, more preferably 80%, still more preferably 90 or 95% nucleotide
sequence identity to the following biologically active domains encoded by the
HaSV genome: .
RNA 1 (SEQ ID No: 39) - amino acid residues 401 to 600 or the other
domains in the replicase

RNA 2 (SEQ ID No: 47) (in the capsid protein)

- amino acid residues 273 to 435

- amino acid residues 50 to 272

- amino acid residues 436 to the COOH terminus

Preferably the viral isolate of the present invention is biologically pure which
means a preparation of the virus compxising at least 20% relative to other

AMENDED SHEET
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components as determined by weight, viral activity or any other convenient
means. More preferably the isolates are 50% pure, still more preferably it is
60%, even more preferably it is 70% pure, still more preferably it is 80% pure

and even more preferably it is 30% or more, pure.

In a second aspect the present invention relates to a nucleotide sequence or
sequences hybridizable with those of HaSV. The term nucleotide sequence
used herein includes RNA, DNA, cDNA ard nucleotide sequences
complementary thereto. Such nucleotide sequences also include single or

10 double stranded nucleic acid molecules and linear and covalently closed
circular molecules. The nucleic acid sequences may be the same as the HaSV
sequences as herein described or may contain single or multipie nucleotide
substitutions and/or deletions and/or additions thereto. The term nucleotide
sequence also includes sequences with sufficient homology to hybridize with

15 the nucleotide sequence under low, preferably medium and niost preferably
high stringency conditions (Sambrook J, Fritsch, EF. & Maniatis T. (1989)
Molecular Cloning: A Laboratory Manual, 2nd Edition, Cold Spring Harbour
Laboratories Press) and to nucleotide sequences encoding functionally
equivalent sequences. In still a more preferred embodiment the invention

20 comprises the nucleotide sequences of genome components 1 and 2 (SEQ ID
Nos: 39 and 47) as represented by Figures 1 and 2 hereinafter or parts thereof,
or mutants, variants, or derivatives thereof. The terms "mutants”, "variants" or
"derivatives” of nucleotide genome components 1 and 2 (SEQ ID Nos: 39 and
47) has the same meaning, when applied to nucleotide sequences as that given

25 above and includes parts of genome components 1 and 2 (SEQ ID Nos: 39 and

47).

The second aspect of the invention also relates to nucleotide signals, sequences
or structures which enable the nucleic acid on which they are present to be
30 replicated by HaSV replicase. Furthermore the invention relates to the
nucleotide signals, sequences or structures which enable nucleic acids on which
they are present to be encapsidated.

AMENDED SHEET
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In a particularly preferred embodiment of the second aspect, the invention
comprises nucleotide sequences which are mutants of the capsid gene having
the following sequences:
ATG GGC GAT GCC GGC GTC GCGT TCA CAG (SEQ ID No: 2)
ATG GAG GAT GCT GGA GTG GCG TCA CAG (SEQ ID No: 3)
ATG AGC GAG GCC GGC GTC GCG TCA CAG (SEQ I Nu: 4)

In a preferred aspect the irention relates to nucleotide sequences of HaSV
encoding insecticidal activity including the capsid protein gene and P17 (SEQ
ID No: 48) and mutants, variants and derivatives thereof.

In another preferred aspect the invention comprises nucleotide sequences

including the following ribozyme oligonucleotides:

5'CCATCGATGCCGGACTGGTATCCCAGGGGG (called "HVRI1Cla"
herein) (SEQ ID No: 5)

5’ CCATCGATGCCGGACTGGTATCCCGAGGGAC (called "5S'HVR2Cla"
herein) (SEQ ID No: 6)

5' CCATCGATGATCCAGCCTCCTCGCGGCGCCGGATGGGCA (called
"RZHDV1" herein) (SEQ ID No: 7)

5" GCTCTAGATCCATTCGCCATCCGAAGATGCCCATCCGGC (called
"RZHDV?2" herein) (SEQ ID No: 8)

5' CCATCGATTTATGCCGAGAAGGTAACCAGAGAAACACAC (called
"RZHC1" herein) (SEQ ID No: 9)

5' GCTCTAGACCAGGTAATATACCACAACGTGTGTTTCTCT (called
"RZHC2" herein) (SEQ ID No: 10)

AMENDED SHEET
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Ribozyme sequences are useful for obtaining translation, replication and
encapsidation of the transcript. It is therefore desirable to cieave the
transcript downstream of its t-RNA-like structure or poly A tail prior to
translation, replication or encapsidation of the trapscript.

The present invention also further extends to oligonucleotide primers for the
above sequences, antisense sequences 2ad nucleotide probes for the above
sequences and homologues and analogues of said primers, antisense sequences
and probes. Such primers and probes are useful in the identificatior, isolation
and/or cloning of genes encoding insecticidally effective proteins or proteins
required for viral activity, from HaSV or another virus (whether related or
unrelated) carrying a similar gene or similar RNA sequence. They ure also
useful in screening for HaSV or other viruses in the field or in identifying ]
HaSV or other viruses in insects, especially in order to identify related viruses
capable of causing pathogenecity similar to HaSV.

Any pair of oligonucleotide primers derived from either RNA 1 or RNA 2
(SEQ ID Nos: 39 and 47) and located between ca 300 and 1500 bp #pan can
be used as primers. The following pairs of primer sequences exemplify
particularly preferred embodiments of the present invention: Specifically for
RNA 1 (SEQ ID No: 39):

1.  HVRIBS’ (SEQ ID No: 38) (described below) and the primer
complementary to nucleotides 1192-1212 of Figure 1.

2.  The primer corresponding to nucleotides 4084 and 4100 of Fig,. 13 and
the primer HYRI3p (SEQ ID No: 12) described below

Specifically for RNA 2 (SEQ ID No: 47):

1. The primer corresponding to nucleotides 459 to 476 of Fig. 2 and the
primer complementary to nucleatides 1653 to 1669 of Fig. 2 (this would
include the central variable domain)

2. R2cdha$ and the primer complementary to nucleotides 1156 to 1172 of
Fig. 2

ED SHEET
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3. The primer corresponding to nucleotides 1178 to 1194 and the primer

complementary to nucleotides 2072 to 2091 (of Fig. 2).
Other combinations giving shorter fragments are also possible.

Further preferred primers include:

5! GGGGGGAATT CATTTAGGTGACACTATAGTTCTGCCTCCCCGGAC
(called "HVR1SPSp" herein) (SEQ ID No: 11)

5' GGGGGGATCCTGGTATCCCAGGGGGGC (called "HvR13p™herein)
(SEQ ID No: 12)

5' CCGGAAGCTTGTTTTTCTTTCTTTACCA (called "Hr2cdnaS" herein)
(SEQ ID No: 13)

5’ GGGGGATCCGATGGTATCCCGAGGGACGC
TCAGCAGGTGGCATAGG (called "HvR23p" herein) (SEQ ID No: 14)

AAATAATTTTGTTACTITAGAAGGAGATATACATATGAGCGAGCGA
GCACAC (called "HVPET65N" herein) (SEQ ID No: 15)

AAATAATTTTGTTTAACCTTAAGAAGGAGATCTACATATGCTGGAGT
GGCGTCAC (called "HVPET63N" herein) (SEQ ID Ne: 16)

GGAGATCTACATATGGGAGATGCTGGAGTG (called "HVPET64N"
herein) (SEQ ID No: 17)

GTAGCGAACGTCGAGAA (called "HVRNA2F3" herein) (SEQ ID No: 18)

GGGGGATCCTCAGTTGTCAGTGGCGGGGTAG (called "HVP6SC
herein) (SEQ ID No: 19)

AMENDED SHEET
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GGGGATCCCTAATTGGCACGAGCGGCGC (called "HVP6C2" herein)
(SEQ ID No: 20)

AATTACATATGGCGGCCGCCGTTTCTGCC (called "HVP6MA" herein)
5 (SEQ ID No: 21)

AATTACATATGTTCGCGGCCGCCGTTTCT (called "HVP6MF™ herein)
(SEQ ID No: 22)

10 The invention also relates tc vectors encoding the nucleotide sequence
described above and to host cells including the same. Preferably these vectors
are capable of expression in animal, plant or bacterial cell or are capable of .
transferring the sequences of the present invention to the genome of other
organisms such as plants. More preferably they are capable of expression in
15 insect and crop plant cells.

In a preferred aspect the invention relates to the vectors pPDHVR],
pDHVRIRZ, pDHVR2, pDHVR2RZ, p17V71, p17E71, pPH, pV71, p17V64,
p17E64, pP64, pV64, pBacHVR1, pBacHVR1RZ, pBacHURZ2, pBacHVR2RZ,
20 pHSPR1, pHSPRIRZ, pHSPR2, pHSPR2RZ, pSR1(E3)A, pSR1(E3)B,
pSR2A, pSR2B, pSX2P70, pSXR2P70, pSRP2B, pBHVR1B, pBHVR2B,
pT7T2P64, pSR2P70, pT7T2P6S, pT712P70, pT7T2-P71, pBSKSE3, pBSR15,
pBSR25p, pSR25, phr236P70, phr235P65, pGemP63N, pGemP64N,
pGemPG65SN, pP64N, pP65H, pTP6MA, pTP6MF, pTP17, pTP17delBB, pP656
25 or p70G as described hereinafter.

In a third aspect the invention relates to polypeptides or proteins encoded by
HaSV and to homologues and analogues thereof. This aspect of the invention
also relates to derivatives and variants of the polypeptides and proteins of

30 HaSV. Such derivatives and variants include substitutions and/or deletions of
one or more amino acids, and amino and .arboxy terminal fusions with other

/QRAL 15 polypeptides or proteins. In a preferred aspect the invention relates to the
\
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proteins P7, P16, P17 (SEQ ID No: 48), P64, P70 (SEQ ID No: 52), P71 (SEQ
ID No: 50), P11a (SEQ ID No: 42), P11b (SEQ ID No: 44), P14 (SEQ ID No:
46) and P187 (SEQ ID No: 40) described herein and to homologues and
analogues thereof, including fusion proteins particularly of P71 (SEQ ID No:
50) such as P70 (SEQ ID No: 52) described herein. In a most preferred aspect
the invention relates to polypeptides or proteins from HaSV which have
insecticidal activity themselves or provide target specificity for insecticidal
agents. In particular the invention relates to polypeptides or fragments thereof
with insect gut binding specificity, particularly to the variable domains thereof
as herein described. In addition, homologues and analogues with said
insecticidal activity of the polypeptides and proteins are also included within
the scope of the invention. In addition the invention also relates to antibodies
(such as monoclonal or polyclonal antibodies or chimeric antibodies including
phage antibodies produced in bacteria) specific for said polypeptide and
protein sequences. Such antibodies are useful in detecting HaSV and related
viruses or the protein products thereof.

In a fourth aspect the invention provides an infectious, recombinant insect
virus including a vector, an expressible nucleic acid sequence comprising all of;
or a portion of the HaSV genome, including an insecticidally effective portion
of the genome and optionally, material derived from another insect virus

species or isolate(s).

Insect virus vectors suitable for the invention according to this aspect, include
baculovirusas, entomopoxviruses and cytoplasmic polyhedrosis viruses. Most
preferably, the insect virus vector is selected from the group comprising the
baculovirus genera of nuclear polyhedrosis viruses (NPV’s) anc granulcsis
viruses (GV’s). In this aspect of the invention the vector acts as a carrier for
the HaSV genes encoding insectidical activity. The recombinant insect virus
vector may be grown by either established procedures Shieh, (1989), Vlak (in
press) or any other suitable procedure and the virus disseminated as needed.
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The insect virus vectors may be those described in copending International
application No. PCT/AU92/00413.

The nucleic acid sequence or sequences incorporated into the recombinant
vector may be a cDNA, DNA or DNA sequence and may comprise the,
genome or portion thereof of a DNA or RNA of HaSV or another species.
The term "material derived from another insect virus species or isolate"
includes any nucleic acid sequence, or protein sequence or parts thereof which
are useful in exerting an insecticidal effect when incorporated in the
recombinant vector of the invention. Suitable nucleic acid sequeuces for
incorporation into the recombinant vector include insecticidally effective agents
such as a neurotoxin from the mite Pyemotes tritici (Tomalski, M.D. & Miller,
L.K. Nature 352, 82-85 (1991) a toxin component of the venom of the North .
African scorpion Androctonus australia Maeds, S. et al. Virology 184-777-780
(1991) Stewart, LM.D. et al., Nature 352, 85-88 (1991), Conotoxins from the
venom of Conus spp. (Olivera B.M. et al., Science 249, 257-263 (1990);
Woodward S.R. et al., EMBO J. 9, 1015-1020 (1990); Olivera B.M. et.al., Eur.
J. Biochem. 202, 589-595 (1991).

The exogenous nucleic acid sequence may be operably placed into the insect
virus vector between a viral or cellular promoter and a polyadenylation signal.
Upon infection of an insect cell, the vector virus will cause the production of
either infectious virus genomic RNA or infectiaus encapsidated viral particles.

The promoters may be constitutively expressed or inducible. These include
tissue specific promoters, temperature sensitive promoters or promoters which
are activated when the insect feeds on a metabolite in the plant that it is
desired to protect.

Recombinant insect virus vectors according to the present invention may
include nucleic acid sequences comprising all or an infectious or insecticidally
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effective portion of genome the HaSV and optionally another insect virus

species or isolate,

In a particularly preferred embodiment of the present invention there is
provided assembled capsids comprising one or more of the capsid proteins of
the present invention, or derivatives or variants thereof as contemplated or
described herein. These assembled virus capsids are useful as vectors for
insecticidal agents. As such the assembled viral capsids may be used to
administer insecticidal agents such as various nucleotide sequences with
insecticidal activity or various toxins to an insect. Nucleotide sequences in the
form of RNA or DNA which cza be used include those of the HaSV genome
or other insect viruses. Toxins which can be used advantageously include those
which are active intracellularly and may also inciude neurotoxins with an .
appropriate transportation mechanism to reach the insect neurones.

The efficacy or insecticidal activity of infectious genomic RNA or viral
particles produced by insect cells infected with insect vectors according to this
aspect of the invention, may be enhanced as described below. Moreover the
virﬁs vector itself may include within a non- essential region(s), one or more
nucleic acid sequences encoding substances that are deleterious to insects such
as the insecticidally effective agents described above. Alternatively an extra
genome component may be added to the HaSV genome either by insertion
into one of the HaSV genes or by adding it to the ends of the genome.

In a-particularly.preferred embodiment there is provided a recombinant
baculovirus vector comprising HaSV or part thereof havirg insecticidal
properties.

Other modifications which, may be made to the infectious recombinant insect
virus according to the fourth aspect include:
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splitting the exogenous HaSV nucleic acid molecules comprising the
genome and cloning the fragments into the insect vector so that they
cannot rejoin. Cae comporient, preferably the virus RNA replicase,
could be expressed from a separately-transcribed fragment, the
transcripts of which would not be replicated by the replicase they
encede. The remainder of the genome (having insecticidal activity or
encoding the capsid protein or a separate toxin m-RNA) could be
encoded by, for example, a second separately-transcribed fragment, the
transcripts of which are capable of beinyg amplified by the replicase.
Consequently, whilst the transcripts from the second or other fragment
would effect their insecticidal activity upon the infected insect cell, they
would not be able to infect another insect cell, (even if encapsidated)-.
because the replicase or replicase-encoding transcripts would be absent;

This modification would allow an inherent biologicai containment G be
built into the insecticidal vectors, which, when used in conjunction with
the use of non-persistent DNA virus vectors such as those described in
the above mentioned copending application, would allow a new level of
environmental safety greatly extending earlier approaches based ont
baculovirus vectors.

Manipulation of encapsidation signals or sequences essential for
replicase binding or preduction of sub-genomic mRNA’s including

" expression of exogeneous insect control factors as RNAs dependent on

the virus for replication. This involves determination of RNA
sequences and signals important for replication and encapsidation of
virus RNAs, such as by analysis of replication of deletion mutants
carrying reporter genes in appropriate cells, followed by studies on the
transmission of the reporter gene to larvae by feeding of virus. These
deletion mutants can be used to carry genes for insect control
factors/toxins to larvae after replacing the reporter gene by a suitable
toxin gene such as shown in Fig. 12;
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iii)  using an insect promoter responsive to virus infection and, for example,
placing copies of the viral replicase gene under the control of two
promoters, one waich is constitutive or exoressed at early stages of
vector infection, and the other being a cellular promoter turned on by

S the ensuing RNA viral infection. This system would then make more
copies of the replicase mRNA available as the amount of its template
increased. Such a promoter may be isolated using techniques analogous
to enhancer trapping, that is, transforming insect cells with a suitable
reporter gene and looking for induction of the reporter upon virus

10 infection of a population of transformed cells,

In a fifth aspect the invention relates to a2 method of controlling insect attack
in plants by genetically manipulating plants to express HaSV or parts thereof
which can confer insecticidal activity optionally in combination with other

15 insecticidally effective agents. Such plants are referred to as transgenic plants,

The term "express" should be understood as referring to the process of

transcribing the genome or portion thereof into RNA or, alternatively, the

process of transcribing the genome or portion thereof into RNA and then, in
20 turn, translating the RNA into a protein or peptide.

In a sixth aspect the invention relates to the transgenic piants per se as
described above. Transgenic plants according to the invention may be
prepared for example by introducing a DNA construct including a cDNA or

25 DNA fragment encoding all or a desired infectious portion of HaSV, into the
genome of a plant. The cDNA or DNA fragment may, preferably, be operably
placed between a plant promoter and a polyadenylation signal. Promoters may
cause constitutive or inducible expression cf the sequences under their control.
Furthermore they may be specific to certain tissues, such as the leaves of a

30 plant where insect attack occurs but not to other parts of the plant such as that
used for food. The inducible promoters may be induced by stimuli such as
disturbance of wind or insect movement on the plant’s tissues, or may be
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specifically turned on by insect damage to plant tissues. Heat may also be a
stimulus for piomoter induction such as in spring where temperatures increase
and likelihood of insect attack also increases. Other stimuli such as spraying
by a chemical (for i:stances a harmless chemical) may induce the promoter.

The cDNA or DNA fragment may encode all or a desired infectious portion of
the wild-type, recombinant or otherwise mutated HaSV. For example, deletion
mutants could be used which lack segments of the viral genome which are non-
essential for replication or perhaps pathogenicity.

The nucleotide sequences of the invention can be inserted into a plant genome
by already established techniques, for example by an Agrobacterium transfer-
system or by electroporation.

Plants which may be used in this aspect of the invention include plants of both
economic and scientific interest. Such plants may be those in general which
need protection against the insect pests discussed herein and in particular
include tomato, potato, corn, cotton, field pea and tobacco.

To enhance the efficacy of infectious genomic RNA or viral particles expressed
by transgeric plants according to the invention, the DNA construct intreduced
into the plants’ genome may be engineered to include one or more exogenous
aucleic acid sequences encoding substances that are deleterious to insects.
Such subsiances ipciude, for example, Bacilus thuringiensis &toxin, insect
neurchormozes, insecticidal compounds form wasp or scorpion venom or of
heterologous origin, or factors designed to attack and kill infected cells in such
a way so as to cause pathogenesis in the infected tissue (for example, a
ribozyme targeted against an essential cellular function).

DNA constructs may also be provided which include:
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i) mechanisms for regulating pathogen expression (for example,
mechanisms which restrict the expression of ribozymes to the insect
cells) by tying for example, expression to abundant virus replication,
production of minus-strand RNA or sub-genomic mRNA’s; and/or

ii)  mechanisms similar to, or analogous to, those described in copending
International patent application number PCT/AU92/00413 so as to
achieve a limited-spread system (such as control cf replication).

Transgenic plants according to the present invention may also be capable of
expressing ali or an infectious or insecticidal portion of genomes from HaSV
and one or more species or isolates of insect viruses. ’

In a seventh aspect of the invention HaSV, or insecticidally effective parts
thereof, or the infectious recombinant virus vectois of the fourth aspect of the
present invention may be applied directly to the plant to control insect attack.
HaSV or the recombinant virus vectors may be produced either in whole or in
part in either whole insects or in culture cells of insects or in bacteria or in
yeast or in some other expression system. HaSV or the recombinant virus
forms may be applied in a crude form, semi purified or purified form
optionally in admixture with agriculturally acceptable carrier to the cro, in
need of protection. HaSV may also be applied as a facilitator of infection
where existing insect populaticns already infected with another agent, such as
one or more other viruses whereby HaSV is able to act synergistically to bring
about an insecticidal effect. Alternatively HaSV and another agent such as
one or more viruses may be applied together to plants to control insects
feeding thereon.

A deposit of HaSV No. 18.4 was made on August Sth 1992 at the Australian
Government Analytical Laboratories. The deposit was given accession No.
N92/35575.
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EXAMPLE 1
TAXANOMIC, PHYSIOCF” MICAL

AND BIOCHEMICAL CHARACI1 £RISATION
OF AN INSECT VIRUS: HaSV

5 Materials and Methods
A Animals and virus production. H. Armigara larvae were raised as

described in Teakle R.E. and Jensen J.M. (1985) Heliothis punctiger in
Singh P and Moore R.F. (eds) Handbook of Insect Rearing Vol 2.,
Elsevier, Amsterdam pp 313-322. Larvae were infected for virus

10 production by feeding five day old larvae on 10mg pieces of diet to
which 0.064 OD5¢( units of HaSV had been applied. After ?4 hours
the larvae were then transferred to covered 12-well plates (BioScientific,
Sydney, Australia) that contained sufficient diet and grown for eight -
days after which they were collected and frozen at -80°C until further

15 processed. Frozen larvaz were weighed to 100g, placed into 200ml of
50mM Tris buffer (pH 7.4), homogenized, and filtered through four
layers of muslin. This homogenate was centrifuged in a Sorvall SS-34
rotor at 10,000 x g for 30 minutes whereupon the supernatant was
transferred to fresh tubes and recentrifuged in Beckman SW-28 rotor at

20 100K xg for 3 hours. The resultant band was collected and repellcted in
50 mM pH 7.2 Tris buffer in a Beckman SW-28 tube by centrifugation
at 100K xg for 3 hours. The pelleted virus was resuspended overnight
in 1ml of buffer at 4 °C then layered onto a discontinuous CsCl gradient
containing ecual volumes of 60% and 30% CsCl (w/v) in a Beckman

25 " SW-41 tube and centrifuged at 12 h at 200 xg. The resultant pellet was
suspended in 100ul of buffer and frozea for further use.

B Particle characterization. Staining with acridine orange was as
desczibed in Mayor H.D. and Hill N.O. (1961) Virology 14: p264.
30 Buoyant density was estimated in CsCl gradients according to Scotti
P.D., Longworth J.F., Plus N, Crozier G. and Reignanum C. (1981)
Advances in Virus Research 26: 117-143.
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C Immunological procedure, Rabbit anti-sera to HaSV was produced by

standard immunc_ogical procedures. Rabbit antisera to the Nudaurelia
o virus in addition tu the virus itself was provided by Don Hendry
(Rhodes University, Grahamstown, South Africa). Rabbit antisera to

) the Nudaurelia b virus was supplied by the late Carl Reinganum (Plant
Research Institute, Burnley, Vic, Australia). The immunological
relationship to the Nudaurelia w virus was determined by the standard
reciprocal double diffusion technique. Immunoblotting was performed
according to Towbin H., Stueheln T. and Gordon J. (1979) PNAS.

10 Antibodies monospecific for the major 65 kDa capsid protein were
prepared by incubating polyclonal antisera with sections of
nitrocellulose blotted with the 65 kDa protein. After extensive washing
in Tris buffered saline, the bound antibodies were eluted in SOmM citric
buffer, pH 8.0 after a 5 minute incubation.

15

D Protein characterization. Polyacrylamide gel electrophoresis in the
presence of SDS followed the procedure of Laemmli UK 1970 Nature
227: 680-685 and was done with 12.5% gels unless otherwise noted with
low and high molecular weight standards from BioRad. Staining was

20 done with a colloidal preparation of Coomassie Blue G-250 (Gradipore
Ltd, Pyrmont, New South Wales, Australia). Determination of the M,
of the smallest protein was done with a 16% gel and standards of 3.4
kDa, 12.5 kDa and 21.5 kDa (Boehringer Mannheim). Glycosylation of
the viral proteins was determined by a yeneral glycan staining procedure

25 with reagents supplied by Boshringer Mannheim; the positive control
was fetuin, N-termini of proteins were sequenced using procedures
described by Matsudairia (1989) Purification of Proteins and Peptides
by SDS-PAGE in A Practical Guide to Protein and Peptide Purification
for Microsequencing ed Matsudaira P.T. Academic Press, San Diego pp

30 52-72 on an Applied Biosystems 477A gas phase sequencer.
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Nucleic acid characterization. RNA was removed from capsids by twice
vortexing a virus suspension with equal volumes of neutraiized phenol
then with phenol/chloroform (50:.U). RNA was then precipitated from
the aqueous phase in the presence of 300 mM sodium acetate and 2.5
volumes of ethanol. Digestions of the HaSV nucleic acid with RNAse
A and DNAse I (Boehringer Mannheim) were done with pBSSK(-)
phagemid ssDNA and dsDNA (Stratagene) and RNA controls (BRL).
Denaturing agarose gel electrophoresis in the presence of formaldehyde
was performed according to Sambrook et al (1989). The state of
polyandenylation of the virax RNA was determined by two methods.
The first method was to compare the binding of identical amounts (20
ug) of viral RNA and poly(A)-selected RNA from Helicoverpa virescens
to a 1ml slurry of 5mg of oligo-d(T) cellulose (Pharmacia) in a binding
buffer consisting of 20 mM Tris pH 7.8, 500 mM NaCl, 1 mM EDTA
and 0.04% SDS. The second method was to observe specific priming of
viral RNA and viral RNA polyadenylated with poly(A) polymerase
(Pharmacia) with d(T)1gA/C/G primers in RNA sequencing reactions
using reverse transcriptase (US Biochemical) and a protocol provided
by the supplier. The 5’ cap structure of the genomic RNA and HaSV
was determined by observing the ability of polynucleotide kirase to
phosphorylate viral RNA with and without preincubatioa with tobacco
acid pyrophosphat~se and alkaline phosphatase (Promega) under
conditions described by the supplier.

In vitro translation of HaSV RNA. [n vitro translation of HaSV RNA
was performed with lysates of both rabbit reticulocytes and wheat germ
(Promega) as directed by the supplier. Reactions were conducted in 10
1l volumes with 1.0 pg of RNA in the presence of five u Ci 35-
methionine. The labelled proteins were resolved on 10% and 14%
SDS-PAGE gels as descrived above then visualised by autoradiography
of the dried geis. The twvo viral RNAs were separated by a "{reeze and
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squeeze" method after resolution on nordenaturing low-melting-point
agarose gels in TAE (Sambrook, et al. 1989). Briefly, agarose slices
containing the RNA were melted at 65° C in a volume of TAE buffer
equal to six times the agarose volume. The solution was allowed to gel
on ice before freezing at -80° C for 30 minutes. The frozen =2lution
was thawed on ice then centrifuged at 14,500xg for 10 minutes after
which the supernatant was withdrawn and precipitated by the addition

of ethanol.

G Bioassay of virus-induced pathogensis
Known amounts of virus isolate, as shown in Figure 3, were fed
to larvae at the growth stages indicated by admixture to stadnard
diet. At the time point. shown, the larvae were weighed and the
mean and SD calculated. Growth of infected larvae was
compared to those of uninfected control populations from the

same hatching batch in every experiment.

Results

i) Characteristics and taxonory of HaSV

The virus particles are isometric and are approximately 36 - 38 nm in
diameter. They are composed of two major capsid proteins, of 65 kDa and
6kD is size. The virions contain two single-stranded (+) RNA species of 5.3
kb and 2.4 kb length. The virus bears a similarity in these respects to the
Nudaurelia o virus, which has been tentatively regarded as a member of the
Tetraviridae; these two viruses differ however, in the above respects from
other viruses in this group and are likely to form a new virus family, sharing

chiefly their capsid structure (T =4) with the Tetraviridae.

ii) Pacticle characterization and serology.
The buoyant density of HaSV was calculai:d to be 1.296g/ml in CsCl at pH
7.2. The Aygp/Aqgq ratio of HaSV viral particles was 1.22 indicating a nucleic
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acid content of approximately 7% (Gibbs and Harrisoa, (1976) Plant Virology:
The Principles London: Edward Arnold. Reciprocal immuno-double diffusion
comparisons between HaSV and the Nudaurelia » virus showed no serological
relationship. The more sensitive technique of immunoblotting also showed a
complete lack of any antigenic relationship. In addition, HaSV did not react
with antisera to the Nudaurelia  virus in a immuno-diffusion test or when
immunoblotted, However, no Nudaurelia  virus was available as a positive
control in these latter two immunological experiments. When FiaSV was
stained with acridine orange then irradiated with 310nm UV light, the particies
fluoresced red which indicated a single stranded genome.

iii)  Protein characterization.

Examination of the capsid proteins of HaSV with polyacrylamide gel
electrophoresis in the presence of SDS showed variable results depending on
the quantity of protein present. At low protein loadings, two proteins in major
abundance were evident that had M, s of 65,000 and 6,000 along with a protein
in minor abundance with M, of 72,000 (data not shown). When more protein
was present on the gels, however, at least 12 more distinct bands with M,'s
ranging between 15,000 and 62,000 became evident. Probing the resolved and
blotted proteins with antibodies monospecific for the major 65 kDa capsid
protein showed all but two of the proteins shared common antigens with the
major 65 kDa protein. The major 6 kDa capsid protein and a minor band
migrating at M,=16,000 failed to react with both the monospecific antibodies
and untreated antiscra.

The capsid proteins were shown to be non-glycosylated as they failed to react
with a hydrazine analog after oxidation with periodic «cid. The N-tzrminus of
the 65 kDa protein appeared to be blocked in some manner as two efforts to
conduct an Edman degradation failed. After the second attempt, the sample
was treated with n-chlorosuccinimide and shown to be in a quantity normally
adequate for sequenciry. The N-terminus of the 6 kDa protein, however, was
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not blocked as an unambiguous 16-residue sequence was readily obtained.

The sequence of the N-terminus of the 6 kDa capsid protein and those of a
cyanogen bromide cleaved fragment of the 65 kDa protein are as follows:

5 6 kDa protein:
PheAlaAlaAlaValSerAlaPheAlaAlaAsnMetLeuSerSerValLeuLysSer
(SEQ ID No: 23)
65 kDa protein:
ProThrLeuValAspGInGlyPhe Trple GlyGlyGInTyrAlaLeuThrProThrSer
10 (SEQ ID No: 24)
Detailed sequence analysis of the RNA genome carried out in Example 3
showed that RNA 1 (SEQ ID No: 39) encodes a protein of molecular weight
186,980 hereinafter referred to as P187 (SEQ ID No: 40) and RNA 2 (SEQ ID
No: 47) encodes proteins with molecular weight 16, 522 (called P17 (SEQ ID
15 No: 48)) and 70,670 (called P71 (SEQ ID No: 50)). P71 (SEQ ID No: 50) is
processed into two proteins of molecular weight 63,378 (called P64) and 7,309
(called P7).
iv)  Nucleic acid characterization
The extracted nucleic acid from HaSV was readily hydrolysed by RNAse A but
20 not by DNAse L. Denaturing agarose gel electrophoresis of the extracted RNA
genome of HaSV indicated two strands that migrated at 5.5 kb and 2.4 kb.
The RNA strands were shown not to have extensive regions of polyadenylation
as only 24% of the viral RNA bound to the oligo-d(T) cellulose matrix as
opposed to 82% of poly(A)-selected RNA. Further evidence for the non-
25 polyadenylation of the viral genome was provided by the observation that the
oligo primer, d("I‘)IGG, gave a clear sequencing ladder using reverse
transcriptase only after in vitro polyadenylation of the viral stands with

poly(A)-polymerase.

30 The demonstration that the strands could be modified with poly(A)-polymerase
also showed the lack of any 3’ modification. The 5’ termini of the viral strands
were shown to be capped, most likely with m7G(5’)ppp(5’)G, as they could not
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be labelled with polynucleotide kinass unless pretreated with tobacco acid
pyrophosphatase and alkaline phosphatase.

v) In vitro translation.

In vitro translation of the viral RNA yielded different results in the two
translation systems used (data not shown). The 5.5 kb RNA translated very
poorly in the reticulocyte system whereas it produced in the wheatgerm system
more than 20 proteins ranging in size from M =195,000 to M;=12,000. The
2.4 kb viral RNA strand yielded a major protein with an M. =24,000 in both
systems in addition to a minor protein at M =70 kDa. A time course of the
translation reaction with the 5.5 kb RNA strand showed all labelled proteins
were produced at similar rates indicating that the smaller products did not
arise through processirg of the larger ones. However when a time course
experiment was done with translation of the smaller 2.4 kb RNA strand, the 24
kDa protein appeared before the 70 kDa protein.

vi)  Presence of another form of HaSV

Frequently, during purification of HaSV virions, a minor band appeared in
varying amounts on the CsCl gradient that had a buoyant density of 1.3 g/ml.
On four occasions, when particles from this minor band were used to infect H.
armigerc larvae that were then processed as before for purification of HaSV |
virions, the HaSV band with a density of 1.296g/ml was again recovered in
vast excess to a varying minor amount of the more dense band. No virions of
either type were recovered from uninfected con&ol larvae. Proteins extracted
from the more dense particles appeared identical to those from the less dense
particles when c;:amined by SDS-PAGE and immunoblotting with antibodies
specific for the 65 kDa capsid protein of HaSV. Extraction and examination
of the RNA genome: with denaturing agarose gel electrophoresis also showed
the same 5.5 and 2.4 kb bands. When particles from the more dense band
were examined by electron microscopy as before, they appeared to have a
larger diameter 45nm but otherwise highly sin:ilar to the 38nm particles.
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The molar ratio of the two RNA strands was determined by quantitative
densitometry of fluorograms of the resolved strands. The ratio derived from
an average of four measurements of various loadings on denaturing gels
proved to be 1.7:1 (5.5 kb strand: 2.4 kb strand) which is somewhat lower than

5 the expected ratio of 2.3:1 for equimolar amounts of each strand.

The genome of HaSV has major differences that make it distinct from those of
the nodaviruses, the only other group of bipartite small RNA viruses
pathogenic to animals. Although HaSV shares the characteristic of a bipartite
10 genome with the only animal viruses having such a divided genome, the
nodaviridae, it differs in virtually every other aspect from this group. Both
segments of its genome are considerably larger than the corresponding
nodaviral RNAs (Hendry D.A., (1991) Nodaviridae of Invertebrates. in (ed. E.
Kurstak) Viruses of Invertebrates. Marcel Dekker, New York, pp. 227-276).
15 However, the division of genetic labour is similar with the larger component
carrying the replicase gene and the smaller one encoding the capsid proteins.
Direct comparison of the sequences shows little homology between these
viruses, at either RNA or protein level. The Nodaviruses, have the already
mentioned unusual 3’blockage (probably a protein), whereas the HaSV RNAs

20 terminate in a distinctive secondary structure resembling a tRNA.

vii)  Bioassays of virus isolates on larvae

The original constructs made to express the capsid proteins (precursor and

processed forms) in E. colifor bioassay started at the first AUG (nts 284 to
25 286). Production of full-length, immuno-reactive protein from these was due

to these clones being the 5C sequence version with the extra C residue.

Bioassays of these proteins have been difficult due to problems with obtaining

suitable Heliothis larvae for the tests,

30 Purified native HaSV was used to conduct bioassays in non-noctuid insect
species. The native HaSV was orally administered, the larvae scored for

symptoms of infection and growth was measured. Dot blotting for HaSV RNA
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was also conducted. Based on these experiments native HaSV does not appear

to infect the following larvae.

Species Order Family
Galleria mellonella Lepidoptera Pyradidae
5 Tineola bissellia Lepidoptera Tineidae

Epiphyas postvittana Lepidoptera Tortricidae
Lucilia cuprinz Diptera Calliphoridae
Dacus tyronii Diptera Tephritidae
Antitrogus parvulus Coleoptera Scarabaediae

10 Lepidiota picticollis Coleoptera Scarabaediae
Sericesthis germinata Coleoptera Scarabaediae

The above experiment conducted with the larvae of Spodoptera exigua and S.
litura showed that native HaSV infects these species but not to the same

15 degree as seen in Heliothis armigera.
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EXAMPLE 2
OTHER VIRUS ISOLATES
Materials and Methods
A Virus isolation
Apparently infected (viz diseased) larvae of Helicoverpa sp were collected in
February 1993 at Mullaley (NSW), Narrabri (NSW) and Toowoomba (QLD)
(Australia). Referring to Fig. 10 the samples in wells 2A-2D were from
parasitised H. armigera larvae collected from sorghum at Mullaley; the sample
in 6C was collected from sunflower at Toowoomba; the sample in 7D was
collected from cotton at the Narrabri Research Station. The latter two larvae
may have been either H. armigera or H. punctigera, which are both easily
infected with HaSV.

B Virus RNA Extraction
Larvae collected were ground up and RNA extracted. RNA extraction and

purification were as per Example 1.

C Dot-Blot Northern Hybridization
Extracts of viral RNA was analysed by Northern dot-blot hybridisation using a
probe made from cloned HaSV sequences derived from 3’-terminal 1000 units
of RNA 1 and RNA 2 by random priming in a Boehringer Mannheim kit
according to the supplier’s instructions were employed. RNA extracts were
transferred to Zeta-Probe (BioRad) for probing, Hybridization under high
stringency washing conditions weze as specified by BioRad. Hybridizations
were carried out in the following solution:

1 mM EDTA, 500 mM HaH,PO,, pH 7.2, 7% SDS, at 65°C in a

rotating Hybaid hybridization chamber. After completion of

hybridization and removal of the solution containing the probe,

the filters were washed twice in 1 mM EDTA, 40 mM HaH,PO,

pH 7.2, 5% SDS, at 65°C (1 h each), followed by 2 washes in 1

mM EDTA, 40 mM HaH,PO,, pH 7.2 1% SDS, at 65°C (1 h

each), before autoradiography.
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RESULTS

Referring to Fig. 10, samples 9A, 5B, 10A, 10B and 10C contain HaSV
infected positive control lab-raised larvae; 9C-H contain healthy (HaSV-free)
negative control lab-raised larvae; All other wells (beginning 1-8) contain
extract from field-collected larvae. Numbers 2A-D, 6C and 7D gave positive
signals indicating that these isolates are either the same as HaSV or
derivatives or variants thereof. Election microscopy employing (-) staining
confirmed that the samples which gave positive signals contained abundant
icosohedral virus particles of approximatsly 36mm in size.

The presence of HaSV in larvae which had tested positive in the Northern
hybridization dot-blot was confirmed by Western blotting of crude extracts °
from such infected larvae, using the polyclonal antibody to the HaSV capsid
protein. For routine screening of such extracts in order to identify further
isolates of HaSV or to corfirm the presence of the virus, use of a monoclonal
antibody or its equivalent is preferable, in order to achieve (i) higher sensitivity
of detection and (ii) greater specificity of detection.

EXAMPLE 3
IDENTIFICATION, ISOLATION AND CHARACTERISATION OF INSECT
VIRUS GENES.
Materials and Methods
A Animals and virus production.
H. armigera larvae were raised as described in Example 1.

B Protein characterization
Was conducted as described in Example 1.

C Nucleic acid characterization
Was conducted as in Example 1.
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D Fractionation of virus RNA
The two viral RNAs were separated by a "freeze and squeeze" method after
resolution on nondenaturing low melting point agarose gels in TAE
(Sambrook, et al, 1989). Briefly, agarose slices containing the RNA were
melted at 65° C in a volume of TAE buffer equal to six times the agarose
volume. The solution was allowed to gel on ice before freezing it at -80° C
for 30 minutes. The frozen solution was thawed on ice then centrifuged at
14,500g for - nutes after which the supernatent was withdrawn and
precipica.. - addition of ethanol.

E In vitro translation of HaSV RNA
Was as in Example 1.

F cDNA synthesis and cloning of virus genome

The virus RNAs were reverse transcribed into clDNA using the Superscript
RTase (a modified form of the Moloney murine leukaemia virus (MMLYV)
RTase, produced by Life Technologies Inc). Oligo(dT) was used as a primer
on RNA which had been polysdenylated in vitra. After size selection of DNA
fragments over 1 kGp in length, the cDNA was then blunt-end ligated using T4
DNA ligase (Boehringer Mainheim or Promega, under conditions described by
the suppliers) into vector pBSSK(-) (Stratagene) which had been cut with
EcoRYV and dephosphorylated with calf intestinal alkaline phosphatase
(Boehringer Mannheim). E.coli strain JM109 or JPA101 were electroporated
with the ligation mixture and white colonies selected on colour-indicator plates
Sambrook et al, 1989.

For some clones of RNA2 (SEQ ID No: 47), cDNA was synthesised using the
RTase of AMV (Promega) and a specific primer complementary to nucleotide
sequence 2285 - 2301 of RNA 2 (SEQ ID No: 47). The same bufrer and
conditions were used for the Superscript RTase (above). The AMV RTase
was found not to make cDNA form a primer annealing to the terminal 18
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nucleotide scquence (see below), nor to be able to reach the 5-end of the
RNA with the primer here described.

G Sequencing of DNA and RNA

The cDNA clones were separated as single-stranded or double-stranded DNA,
using the deaza-dGTP and deaza-dITP nucleotide analogues (Pharmacia) in
the deaza T7 sequencing kit as recommended by this supplier. Synthetic
oligonucleotides were used as primers. The 5’ terminal sequences of the two
RNAs were determined using reverse transcriptase to sequence the RNA
template directly, from specific oligonucleotide primers located about 200
nucleotides downstream from the termini. Such RNA sequencing was
performed using the reverse transcriptase sequencing kit from Promega, under
the conditions described by the manufacturer. E

The sequence of the 20 or so nucleotides at the 5’ terminus of each RNA was
checked using direct RNase digestion of 5-labelled RNA under conditions
designed to confer sequence-specificity. Direct RNA sequence using RNases
was performed with the RNase sequencing kit from US Biochemicals,
following the protocols provided by the manufacturer. This also confirmed '
that the sequence of the most abundant RNA is consistent with that of the
RNA analysed using the specific primer and RTase.

All transcription of plasmids linearized as described were performed as
recommended by the suppliers cf SP6 RNA polymerase, in the presence of
1mM cap aralogue, 0.2mM GTP, and 0.5mM of the other NTPs.

H Subcloning and expression

PCR amplification

The polymerase chain reaction (PCR) was used to obtain sequences covering
virus genes in a form suitable for cloning into expression vectors. The reaction
was perforned with Taq DNA polymerase (Promega) as described by the
supplier, in a rapid cycling thermal sequencer manufactured by Corbett
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Research (Sydney, Australia). A typical reaction involved 1 cycle of 1 min at
90°C, 25 cycles of 95°C (10 sec), 50°C (20 sec), 72 °C (1.5 min), followed by
one cycle of 72°C for 5§ min. Templates were generally cDNA or cDNA
clones derived from HaSV RNAs, made as described below. Primers were as
described below for the relevant constructs.

Upon termination of the PCR reaction, the product’s ends were made blunt by
treatment with E.coli DNA polymerase I (Klenow fragment) at ambient
temperature for 15 minutes. After heating at 65° C for 10 minutes, the
reaction was cooled on ice and the reaction mix made 1mM in ATP. The
product then 5>-phosphorylated using 5 units of T4 polynucleotide kinase at
37° C for 30 minutes. After heating at 65° C for 10 minutes, the product was
run on a 1% low-melting agarose gel and purified as described for RNA in

section E above.

ligations: Vectors and restriction fragments cut with the enzymes described
were run on 1% low-melting-point agarose gels an:: excised as slices. These
slices were then melted at 65° C for 5 minutes, before cooling to 37° C.
Fragment and vectors were then ligated in 10ul total volume at 14° C
overnight using T4DNA ligase (BRL, Boehringer Mannheim or Promega), in
the buffers supplied by the manufacturers.

expression: Expression plasmids containing viral genes (e.g. for the capsid
protein) were transformed into E. colistrain BL21 (DE3) or HMS174 (DE3)
(supplied by Novagen). After growth as specified by the supplier, protein
expression was induced by the addition of isopropyl p-D-thiogalactopyranoside
(IPTG), at 0.4 nM to the growing culture for a period of 3h. Expressed
proteins were analysed by SDS-polyacrylamide gel electrophoresis of bacterial
extracts (Laemmli, 1970). '
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Results

i) Mapping cDNA clones of HaSV

The template for cDNA synthesis was virus RNA which had been
polyadenylated in vitro. Oligo(dT) was used as a primer for the Superscript
reverse transcriptase (RTase; a modified form of the Moloney murine
leukaemia virus (MMLYV) RTase, produced by Life Technologies Inc). The
cDNA was cloned into vector pBSSK(-) as described earlier. The larger clones
were selected for further analysis by restriction mapping and Northern
hybridization. All the probes tested hybridized either to RNA 1 or to RNA 2,
suggesting that there are no regions of extensive sequence homology between
the two RNA's. Furthermore, screening of a number of other clones excluded
the theoretical possibility that either RNA band may actually contain more

than one species.

ii) RNA 1 (SEQ ID IMo: 39) clones

Three large RNA 1 (SEQ ID No: 39) clones (B11U, B110 and B35) obtained
for the first round of clones werz further analysed by restriction mapping and
shown to form an overlap spanning over 3 kbp (this was later confirmed by
sequencing). The second round of cloning then yielded E3 of 5.3 kbp,
representing 99.7% of RNA 1 (SEQ ID No: 39). A complete restriction map
of clone E3 showed it to align with that previously determined for three
overlapping clones. On the basis of this alignment, the 5’ end of the insert in
B11U was placed about 300 nucleotides downstream from the 5’ end of the

RNA.

Once clones covering a contiguous block had been identified, the crientation
3relative to the RNA was determined.

iii) RNA 2 (SEQ ID No: 47) clones

Three significant cDNA clones were isolated for RNA 2 (SEQ ID No: 47)
(Fig. 2). One, hr236, contains about 88% of RNA 2 (SEQ ID No: 47) (2470
bp total length), and runs from the 3’ end to 240 bp from the §’ end. The
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other clones, hr247 and hr 249 are 3’ coterminal subgenomic fragments of 1520
bp and 760 bp, respectively. Orientation of clone hr236 was determined by
strand specific hybridization. While a much stronger signal was seen with a
probe for one orientation, the probe specific for the other orientation also
yielded a signal, indicating that there are extensive regions of reverse
complementarity within the positive strand sequence. Such sequences are
likely to form extensive short and long-range secondary structure.

The clones contain the 3’ sequence of HaSV RNA 2 (SEQ ID Nc: 47) as they
all have the same 3’ sequence adjacent to the poly (A) stretch added in vitro
before cDNA priming, The remaining 5’ sequence of RNA 2 has been
obtained by direct RNA sequencing using two reverse iranscriptases as
described above.

iv)  Sequencing of virus genome
The clones mapped in section (i) were selected for further analysis by

sequencing.

The cDNA clones were completely sequenced as single-stranded DNA in both
orientations, using the deaza-dGTP and deaza-dITP nucleotide analogues
(Pharmacia) and synthetic oligonucleotides as primers.

v) Sequence of genome component 1 (SEQ ID No: 39) (see Figure 1)

The 5310 nucleotides of RNA 1 (SEQ ID No: 39) encode a protein of
molecular weight 187,000 which is regarded as the RNA-dependent RNA
polymerase (replicase) in view of its amino acid sequence similarity in certain
limited regions to replicases of other RNA viruses. The apparent molecular
weight of this protein upon in vitro translation of virus RNA and SDS-PAGE is

195,000.

Sequence analysis of RNA 1 (SEQ ID No: 39) was concentrated on clone E3
which extends from the 3’ end of RNA 1 to 18 nucleotides form the 5’ end
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(Figure 1). The complete sequence has been confirmed by sequencing in both
directions. An ORF of 1750 amino acids and spanning virtually the complete
RNA (5310 nucleotides in length) has been detected. This ORF begins with
the first AUG on the sejuence at position 34 and terminates at nucleotide
5290 and is thought to encode the RNA-dependent RM.A polymerase
(replicase)(referred to as P187 (SEQ ID No: 40) in Fig. 1) required for virus
replication, since it contains the Gly-Asp-Asp conserved triplet and
surrounding sequences identified in these enzymes, which are usually large
(over 100 kDa), in adaition to further homology with the polymerase encoded
by tobacco mosaic virus and other plus-stranded RNA viruses.

Referring to Fig. 1 the sequence is presented as the upper strand of the cDNA
sequence. This strand is therefore in the same sense as the viral (positive-
se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>