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Figure 5: Viral assembly in granuloviruses (Crook, Webster & Granoff, 1999)

1.4) GENERAL EFFECTS ON THE HOST

The diverse group of baculoviruses is mainly pathogenic for invertebrates with over 600
species of insects have been reported to be infected (Blissard & Rohrmann, 1990).
Primarily baculoviruses infect in the order lepidoptera and diptera. Insects killed by
baculoviruses have a characteristic shiny appearance and hang limply from vegetation.
They are extremely fragile to the touch and rupture easily to release fluid filled with
infective virus particles. This tendency to remain attached to the foliage and then rupture is
an important aspect of the virus life cycle. Infection of other insects will occur once they

eat the contaminated foliage (Weeden, 1996).

1.4.1) Nucleapolyhedroviruses
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Table 2: Baculoviruses that are currently in use (Weeden, 1996)

COMMODITY INSECT PEST VIRUS USED VIRUS
' ' T - E T CPRODUCT
Apple. pear, walnut and Codling moth CCyd-X

Fplum : granulosis virus (3D

 Cabbage moth, American
‘ bollworm, diamondback
' moth, potato tuber moth,
i and grape berry moth
;, L Spodoptera litoralis - Spodopterin®
Cotton, corn, tomatoes | Spodoptera littoralis nuclear polyhedrosis ()
' fvirus ‘

' Codling moth

Cabbage army worm | .
: & C .. Mamestrin®
i nuclear polyhedrosis )
L virus [

. Cabbage. tomatoes,
cotton, {and see pests in
next column)

Tobacco budworm i . | .
¢ . P Helicoverpa zea ‘ Gemstar L,
¢ Helicoverpa zec., and P A .
o imwclear polyhedrosis | Biotrol, Elear
i Cotton bollworm Heliothis & [

. fvirus {3)

LVIFCSCenS ; P

Cotton and vegetables

. L L Spodoptera exigua .
Vegetable crops, i Beet armyworm NG uXighe Sped-X
i - .  nuclear polyhedrosis
greenhouse flowers LSpodoplera exigua) : -

L 3

L virus (2)

¢ Anagrapha falcifera !

- nuclear polyhedrosis . none at present
§ virus i

. » Celery looper (Anagrapha
Vegetables NS
= falcifera)

cGusang
- Biological
 Pesticide

(3)

.- s Autographa
Alfalfa looper (Aurographa i~ O&Tr

R Cealifornica nuclear
califoriica) P

i polyhedrosis virus

Allalfa and other crops

(rgyics

. . ; © Douglas fir tussock moth | pswedotsugate - 'TM Biocontrol
Forest Habitat, Lumber = 7% : ) .
(Orgvia psuedotsigaia) i nuclear polyhedrosis  : (2)
: Lvirus
Forest Habitat, Lumber = Gypsy moth %[ﬂnuu/rm dispar  Gypchek
L yananiria disper) s nuclear polyhedrosis (1)

Fvirus
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Harnagen

groug Pathogen Target tmeciis)

Viruses Codling moth GVa.b Codling muth
Plodiu GV tndianmeat moth
Adtagrapha NP\ Many lemdopteran species
Spodopiera NPV Spodoprera complex

Bactera Ricitius sphuericus Mosquite larvae
Serrarid entomophidad White grubs

Fungi Beauveriu bassica” Muny insect specics
Metarhiziam gnisopliae® Many insect species
Namuraea rileyi Many fepidopteran species
Paecilomyces fumosa-roseus Many insect species
Tolvpocladium cvlindrosporum Mosquite tarvae
Verticiliup lecaniic Aphids and whitethes

Protozaa Messpma pyrousti European comm borer

A rImorpha necatrix Many lepidopteran species

Table 3: Insect pathogens used as microbial control agents (Tanada & Kaya, 1993)

Table 3 shows that a granulovirus has already been used as a microbial agent against the

codling moth.

GVs offer potential for microbial control of codling moths. It has already been
demonstrated that repeated application of GV against the codling moth, Cydia pomenella,
in apple orchards significantly reduces damage done by the pest. The GV from the false
codling moth kills its insect host rapidly, making it an attractive prospect as an ecffective
control agent. Viruses that are highly toxic to the FCM larvae can be applied to trees using
conventional spray machinery. Certain additives can be included in the spray, e.g. sugars,
which would act as a feeding stimulant and milk powders that could protect against
degradation by UV light. Susceptibility to UV light means that the spray will be effective
for 1-2 weeks depending on the weather. To keep costs down, the viral spraying needs to be
timed with peak period of larval hatching. Larvae die after ingesting virus and this reduces
fruit damage by about 50 %. This is not sufficient for overall fruit protection, but
sometimes they die after causing only superficial stings. The overall mortality from sprays
is giving major benefits in the season after the spraying. Thus the use of baculoviruses does
provide a long-term biological strategy for the control of the pest, and helps to reduce high

pest populations (Unknown 1, 2000).
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used and gels made. The 1 % gel was electrophoresed at 100 V for an hour and a half
in 0.5 x TBE buffer. The molecular weight marker NBstE 1I was used. The 0.7 % gel
was electrophoresed overnight (approximately 16 hours) at 35 V in 0.5 x TAE buffer.
Two molecular weight markers were run on this gel — MHind 111 and A Mix 19 (used
to determine very large fragment sizes). The 0.7 % gel had to be stained after
electrophoresis in 200 ml of 0.5 x TAE buffer containing 20 ul ethidium bromide (10
mg/ml). The gel was stained for 30 minutes and then rinsed twice for 15 minutes in
200 ml of distilled water. The 1 % gel did not require staining since the ethidium
bromide was added to the agarose. Gels were then photographed using the Kodak

digital camera (DC120).

3.2.1.2) Double digests of CIGYV DNA

A double digest involves digesting DNA with enzymes in pairs (Smith & Crook,
1988). Often digestion of DNA with single enzymes produced profiles where some of
the DNA remained unrestricted. To further characterise CIGV and to obtain a more
reliable estimate of the molecular weight of the genome, the DNA had to be digested
to completion by combinations of restriction enzymes. In such digests the majority of
the high molecular weight fragments observed in the single digests (whose sizes are
difficult to calculate) would be cleaved into smaller products (Tweenten et al, 1985).
Information obtained from the double digests is also essential for the construction of

the physical maps for each enzyme.

Digests were performed under the same conditions as the single digests except that
DNA was digested using pairs of restriction enzymes. Some examples of pairs used
were Sacl+Kpnl, BamH1+Sacl, Sacl+Xhol and BamH1+Xhol. Each combination of
enzymes had a common restriction enzyme buffer. The digests were set up as follows:
800 ng CIGV DNA
2 ul  Restriction enzyme 1 (20 units)
2 ul  Restriction enzyme 2 (20 units)
15 pul  Buffer (10 x)
_x pl  distilled water
150 pl
Digests were incubated for 3 hours at 37°C and then separated on agarose gels as was

done for the single digests. The same molecular weight markers were used and the gel
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Figure 34: Granulin nucleotide sequence (Top CIGV-CV3, bottom CIGV-SA)
ATGGGATATAACAAATCTTTGAGGTACAGCCGTCACGACGGTACCACTTG
ATGGGATATAACAAATCTTTGAGGTACAGCCGTCACGACGGTACCACTTG

TGTAATTGACAACCACCATTTGAAGAGCTTGGGAGCCGTGTTACACGATG
TGTAATTGACAACCACCATTTGAAGAGCTTGGGAGCCGTGTTACACGATG

TCAGACGTAAAAAAGATCGCATCCGTGAAGCGGAATACGAGCCCATTATC
TCAGACGTAAAAAAGATCGCATCCGTGAAGCGGAARATACGAGCCCATTATC

GATATCGCCGATCAATA.ATGGTGACCGAGGATCCATTTCGTGGACCCGG
GATATCGCCGATCAATATATGGCGTGACCGAGGATCCATTTCGTGGACCCGG

CAAGAATGTAAGGATCACCCTTTTCAAGGAAATTAGACGTGTCCACCCAG
CAAGAATGTAAGGATCACCCTTTTCAAGGAAAT.AGACGTGTCCACCCAG

ACACAATGAAGCTGGTATGCAACTGGAGCGG.AAAGAATTCCTTCGCGAG
ACACAATGAAGCTGGTATGCAACTGGAGCGGTAAAGAATTCCTTCGCGAG

ACTTGGACCCGTTTCATCTCTGAAGAATTTCCCATCACCACAGACCAAGA
ACTTGGACCCGTTTCATCTCTGAAGAATTTCCCATCACCACAGACCAAGA

AATTATAGATTTGTGGTTTGAGCTTCAGCTACGACC.ATGCACCCTAACC
AATTATAGATT TGTGGTTTGAGCTTICAGCTACGACCGATGCACCCTAACCE

GTTGCGTTACAAATTFCACTATGCAGTATGETECTETGTGCCECATCCCGEGAT FAT
GTTGTTACAAATTCACTATGCAGTATGC.CTCTGTGCCCATCCCGATTAT

GTCGCTCACGATGTGATCCGCCAGCAGGATCCCTAITATGTAGGACCTAA
GTCGCTCACGATGTGATCCGCCAGCAGGATCCCTATTATGTAGGACCTAA

CAATATCGAGECGTATCAATCT TTCCAAGRAGGGTTTCGETTTCECCACTCA
CAATATCGAGCGTATCAATCTTTCCAAGAAGGGTTTCGCTITCCCACTCA

CATGCOCTACAGTCCGTCTACAATGACAACTTTGAGAATTTICTTTGATGAC
CATGCCTACAGTCCGTCTACAATGACAACTTTGAGAATTTCTTTGATGAC

GITTCTGTIGGCCETATTTCEACCETCCECTEETETATGIAGGTACTACGTC
GTTCTGTGGCCECGTATTTCCACCGTCCCETGGTGTATGTAGGTACTACGTC

TGCCGAAATTGAGGAGATCATGATTGAAGTTTCTCTGTTGTTCAAGATCA
TGCCGARATTGAGGAGATCATGATTGAAGTTTCTCTGTTGTTCAAGATCA

AGEGAGTTTGCACCECGACGTGCCCCTATTCACCGGETCECAGCETATTARA
AGGAGTTTGCACCEGCACGTGCCCCTATTCACCGGTECAGE CTATTAA
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Figure 38: The egt sequence of CIGV-SA
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To confirm that the gene isolated was egt, the sequence generated was aligned with
other granulovirus egt sequences, namely Adoxophyes honmani granulovirus (AhGV),
Adoxophyes orana granulovirus (AoGV), Epinotia aporema granulovirus (EaGV),
Cydia pomenella granulovirus (CpGV), Choristoneura fumiferana granulovirus
(CfGV) and Lacanobia oleracea granulovirus (LoGV) (Fig. 39). There was alignment
of the CIGV-SA egt sequence with the other granulovirus egt sequences, suggesting
that the gene isolated was in fact egz. A consensus between the sequences is indicated
in Fig. 39. However there are regions of non-alignment suggesting that the CIGV-SA

sequence 1s incomplete or has errors; and requires further sequencing.
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Figure 52: pGEM- T Easy plasmid vector (Promega) used to clone egt PCR products.

3. Molecular weight marker

Table 25: Molecular weights of fragments of the 1 kb ladder marker

FRAGMENT SIZE (kbp)

1 12 216
2 11198
3 10 180
4 9162

5 8 144

6 7126

7 6 108

8 5090

9 4072

10 3054

11 2036

12 1636

13 1018

14 517, 506
15 398, 394
16 298
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