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ABSTRACT 

The fa lse codling moth (FCM), OyptaphLehia Leucatreta, causes widespread damage 

to economically important fi'uit crops throughout sub-Saharan Afilca. Fruit are 

rendered unfit for consumption once they have been stung by FCM larvae . Larval 

infestation of fruit can lead to significan t pre-harvest losses or post-harvest waste, 

posing a major problem to the citrus industry. 

Current control of the pest includes the use of chemical pesticides. The larva l fomlof 

FCM is known to be infected by a gran ul m'irus ca lled G yp/aphlehia leucalreta 

graJlulovirus (CIGV). Granuloviruses are highl y specifiC against their hosts and are 

harml ess to vertebrates, plants and the environment. The development ofCIGV into a 

biological control agent ,,;ould offer all attractive and safer alternati ve for the control 

of th is pest. A full characterisation of C IGV is requ ired pllor to the virus being 

disseminated into the environment. In thi s project, the characteristics of CIGV will be 

examined . 

Viral DNA was extracted 1T0m infected larvae and the DNA analysed by restriction 

fragment length polymorphism (RFLP). Fragmentation profiles of the South Aft'iean 

and Cape Verde (CV3) iso lates o f the virus were compared, revealing distinct 

differences between (hem . The size of the C IG V-SA genome was calcu lated to be 11 2 

kbp, identica l to the size of the CV3 iso late. Physical maps for fi ve restri ction 

enzymes were constructed for the CIGV-SA genome. The alignment of these maps 

with maps the CV3 isolate (for the same enzymes) further highl ighted the differences 

between the iso lates. The genetic engineering of gran uloviruses could significantly 

improve the speed of kill of these \' il11ses. Therefo re essen tial genes li ke egl and 

granulin were isolated (by PCR) and their position located in the genome. Both genes 

were sequenced and their phylogeny with other granulin and egl genes investigated . 

Finally, tbe incidence of CIGV in natu ral populations of FCM larvae was investigated, 

by screening rield-collected larvae for the presence of the virus. CIGV was 

successfu ll y detected from dot blots of larval DNA ll si ng both racliolabelled and non­

radio labclled probes and by peR. Trends regarding the incidence of CIGV in natural 

populations of larvae were also detellll ined. 
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CHAPTER ONE: REVIEW OF LITERATURE 

1.1) INTRODUCTIO 

A virus is defin ed as a set of one or more nucleic ac id template molec ul es, normall y 

encased in a protective coat, that is able to orga ni ze its own replica ti on within a suitable 

host cel l (Tanada & Kaya, 1993) . The virus particle is composed ora protein shell (capsid) 

and contains one type of nucleic acid (DNA or RNA), wh ich is ei ther double or single 

stranded and has different modes of replication. There are more than 20 groups of viruses 

known to be insect pathogens. The Bacu/oviriciae are a large famil y of occ luded DNA 

viruses pathogen ic predominantl y for ho lometabolous insects (Blissard & Rohrmann, 

1990). Baculovi ruses are rod-shaped DNA vimses and are composed o f two genera that are 

di fferentiated by their type of occlusion bodies. They are identified on the basis of thei r 

enveloped nucleocapsid and occ lusion in a protein crystal (Maramorosch, 1977). A protein 

occlusion body protects their genetic material, which can be destroyed by sunlight or 

alka line cond itions in the insect gul. The presence of the protei n occ lusion body thus 

improves thei r persistence (Unknown I, 2000). They ha\"e been identi fied in hundreds of 

insect species inhabiting forests and ri vers, and in arthropods inhabiting terrestrial and 

marine ecosystems. As early as the 1930s bacul oviruses were observed as effective 

biological control agents aga inst insect pests. Baculoyirology has since emerged as a 

dynamic and technologica ll y important ti eld in the last few decades (Miller el ai, 1997). 

Interest in baculoviruses has cen tered on their natu ra l ability [0 contro l pest populations 

(Blissard & Rohrmann, 1990). These viruses are the sa fest insect vi rus to use as 

bioinsecti cides since no similar viruses are known to infect vertebrates or plants (Unknown 

I, 2000). Due to their high pathogenicity and specific hust range for many economically 

impOltant lepidupteran insect pest , interest has been generated in the lise of granuloviruses 

as insecticida l agents. Of specific interest is the Clyptophlebia Icucorreta granulov irus 

(C.IG V), whi ch is considered to be a hi ghly effecti ve contro l agent against the false cod ling 

moth (FCM). Oyplophlebia leucOlrela a serious pest of citrus, co tton, maize and other 

crops in sub-Saharan Ati'ica (Jeh le & Fritsch, 1992). 



1.2) CHARACTERISTICS OF THE FAMILY BACULOVIRIDAE 

Baculoviruses are a diverse group oflarge viruses with covalently closed, double stranded 

DNA genomes of 88-153 kbp which are pathogenic to insects (Blissard & Rohrmann, 

1990). Baculoviruses, from baculum, refers to the shape of the virion. The furnily is 

subdivided into two genera, the genus Granulovirus (OV) and the genus 

Nucleopolyhedrovirus (NPV). The subdivision of the family into the two genera is based on 

the occlusion body mOIphology. NPVs (Fig. lA) form large polyhedral occlusion bodies 

that contain multiple virus particles, whereas OVs (Fig. lB) form a much smaller ovoid 

occlusion body that generally contains a single virion (Webster & Granoff; 1999). A feature 

ofbaculoviruses is the occlusion of the rod-shaped nucleocapsids in a crystalline protein 

matrix. It provides protection for the virus in the natural environment, thereby allowing 

certain baculoviruses to be utilized as pesticides (Maramorosch, 1977). The matrix protein 

(polyhedrin or granulin) is produced in large amounts late in the infectious cycle. Occlusion 

within the crystals stabilises the virions, enabling them to remain infectious in the 

environment for long periods of time. The crystals are alkali soluble, thus after their 

ingestion by host insect larvae, they dissolve in the alkaline environment of the insect's 

midgut and virions are released causing infection (Unknown 1,2000). 

In NPVs the rod-shaped particles contain DNA and replication is confined to the cell 

nucleus. The occlusion bodies of the OVs are minute crystals that are found in both the 

nucleus and cytoplasm with only one virion per crystal (Smith, 1971). The NPVs usually 

exhibit a polyhedral shape and two major structural relationships - those that contain many 

singly enveloped virions and those, which contain bundles of nucleocapsids common to a 

single envelope. OV s are ovicylindrical in shape, with the inclusion body protein that 

surrounds the enveloped virion called granulin (Summers et ai, 1975). 

GVs are related to NPVs, but differ in the cytopathology of infected cells (Crook, 1986). 

The hosts ranges ofbaculoviruses differ since GV s tend to infect lepidopteran larvae while 

NPVs have a wider range of hosts in many species like the orders Orthoptera, Trichoptera 

and Neuroptera (Tanada & Kaya, 1993). The NPV s are highly virulent and the presence of 

a few particles can initiate an infection which causes the host to die within 3 to 10 days. 

2 



Bacllioviruses ca lise host insects to die in a way to maximize the chance that other insects 

will come into contact with the \'irus and in tllm, become infected, thlls they have 

significant potential for lise as control agents (Weeden, 1996), 

. , 

IA) 

(B) 

FigUl'e 1: The typical structures of members of the baclI lov irus family 

(Al nucleopolyhedrovirus (MNPV) (B) granu lovirus (Maramorosch, 1977) 

3 



1.2.1) Virus structure 

All baculoviruses have virions of the same basic structure: an envelope, a rod-shaped 

nucleocapsid in which an amorphous layer exists between the nucleocapsids and envelope, 

a capsid, and a DNA core (Fig. 2). The evolution of the baculovirus structure appears to be 

in response to the unique feature of the life cycles of their invertebrate hosts. Critical to 

their ability to replicate and spread infection throughout the insect population, is the 

structure of the virion, which is present in two forms in a single infection cycle. The 

occluded virus (ODV) is encapsulated in a protein matrix composed of either granulin or 

polyhedrin while the budded virus (BV) is not occluded. The ODV is effective at infecting 

insects but does not spread infection in the tissues like the BV (Miller e/ aI, 1997). The 

DNA is a single circular molecule, which is supercoiled and double-stranded. The rod­

shaped baculovirus measures from 40-60 urn in diameter and 200-400 urn in length. The 

virions are structurally complex and contain at least 10-25 polypeptides with molecular 

weights ranging from 10 - 160 x 103 Da (Tanada & Kaya, 1993). A distinct structure on the 

surface of the occlusion is the capsule membrane. Another characteristic feature of the 

Baculoviridae is the intranuclear fonnation ofvirogenic stroma (an electron dense structure 

on the chromatin network which appears to be involved in nucleocapsid assembly) 

(Maramorosch, 1977). 

--'"'!k---- Polyhedrin matrix 

f.:~"""'---I---, Nucleocapsids 

"---t-:::-- Envelopes 

1---- Calyx 

Figure 2: Baculovirus structure (O'Reilly e/ ai, 1992) 
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1.2.2) The nucleocapsid 

The nucleocapsid is simi lar in structure in both GVs and in N PVs. The nucleocapsid is 

composed ofa proteinacous capsid and a cylindrical DNA-protein core. The capsid itse lf is 

made up of subunits arranged in a lattice (subunits assembled in rings stacked on top of 

each other). The capsid is tu bular. capped at both ends and fill ed with DNA filaments. 

Microtubules are involved in the assembl y of the nucleocapsids. The packaging of the DNA 

into the capsid is associated with the cap structure. T he caps at each ends of the 

nucieocapsids differs morphologica ll y. The caps id structure is composed of rings of sub­

units in a stacked seri es. There is a polarity for ori enting the nucleocapsids lor viral 

envelopment, to r attachment and penetration through nuclear pores, for emergence li'om the 

cell and tor imasion through the cell membrane. The capsid has a major protein of 39 kDa 

(Crook, 1985). DNA associates wi th the highl y basic protein forming a DNA-binding 

protein. The DNA with in the capsule is in the fo rm of a supercoil or helix. The widths and 

lengths of the nucleocapsids remain fai rl y constant for a ll baculoviruses (Tanada & Ka ya, 

1993). 

1.2.3) The enveloped virion 

At celiain stages in vi rus replication. nucleocapsids are enveloped and called a mature 

virion. There are three types o j' envelopes, each of a d ifferent origin: 

An envelope produced in the nucl eus (de II OVO) 

An ell' elope acq uired from the nuclea r membrane as the nllcleocapsids ex its the 

nucleus . 

. An acqu ired envelope, as the nucleocaps ids pass through the plasma membrane 

(cytoplasmic budding). 

T he envelope form ed de novo, is involved in the occ lusion of the virions in the polyhedron 

and caps id. The mature virion, found in the occlusion body has a true unit membrane (6-1 8 

nm thick), consisting o f a tril aminar structure with a central lipid-containing layer bounded 

on each side by a layer or protein. Between the nllcleocapsids and the envelope, is an 

intermed iate layer consisting o f dense discs, which degenerate once the virion, is enveloped 

to become a mature ,-i l;on (Tanada & Kaya . 1993). The em-elope from cYloplasmic 
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budding has a distincti ve cap of spikes on one end of the viri on and the enve lope fi ts 

loosely around the viri on. 

1.2.4) Infectious elements 

Bacu lovi ral infecti ons may be initi ated by: 

Isolated DNA 

Nuclear-enve loped virion 

Plasma-enveloped virion 

Occl uded nuclea r-enveloped vi rion 

T he four virions are phenotypes that diffe r in morphology, protein composition , origin of 

the envelopes, mode ofpenetralion into the cell and infectivity in insect cell s. The plasma­

enveloped vi rion is the major type causing infections in the tissues of hel11ocoel and 

cul tured insect cell s. It enters the cell by viropex is. The occ lusion bodies (OB) are the main 

in fec tio us element for the horizonta l transmission through the midgut of a susceptib le host. 

T he budded virus (BV). not in OBs, enter the hemocoel after cell lysis. The BYs spread 

fro m cell to cell. early in in fec ti on. The nonenye loped type is also infecti ous in the 

hemocoel (enters by cndolytic pathway) (Tanada & Kaya, 1993). Fig. 3 illustrates BY and 

00 V structure. 

1.2.5) Baculoviral p.-oteins 

T he baculovi ruses ha" e large genomes, whi ch encode over 150 proteins. It appear that no 

" irion-associated proteins are essenti al for virus repli cation (Miller er ai, 1997) . It is likely 

that a "ariety of proteins are associated with vira l envelopes or are present as nuc leocapsid 

structural components or res ide in the polyhedra. Genes encoding structural proteins appear 

to be located throughout the genome with no obvious pattelll. Polyhedrin and granulin are 

proteins of abo ut 245 amino acids and are major components o f baculovirus occlus ion 

bodies. Polyhedrin is highl y conserved between NPVs (about 89 % homology has been 

identifi ed between di fferent N PY~) . Lepidopteran polyhed ri ns show about 50 % amino ac id 

ident ity wi th granu lins. Th is protei n is an integral part of the structure of the polyhedron 

envelope. pi 0 is another impo.iant protein, wh ich is expressed late in the infectious cycle 

6 



but is not highly conserved (Miller et aI, 1997). pi 0 is commonly found associated with 

polyhedrin, has a fibril structure and may function in the formation of its envelope. pi a is a 

very late gene and is needed for the assembly and envelopment of the polyhedra (Miller et 

ai, 1997). It encodes a polypeptide that affects nuclear disintegration in the final phases of 

cell death (Miller et aI, 1997). A possible function is that pJ 0 fibrillar bodies are involved 

in OB morphogenesis, specifically the formation of the calyx around the OB. VEF or viral 

enhancing factor is a 104 kDa protein, which facilitates GV infection by disrupting the 

peri trophic membrane, thus allowing the virion access to the surface of midgut cells. It has 

been suggested that this protein is essential in viral pathogenesis. VEF may have a dual 

mode of action: disruption of the occlusion bodies and increased fusion of the 

nucleocapsids with the midgut cells (Hashimoto et aI, 1991). Vp39 (Fig. 3) is a protein that 

is a component of the capsid and is randomly distributed over the surface of the 

nucleocapsid (Miller et aI, 1997). p6.9 (Fig. 3) is a late protein and the gene encodes a 

small, highly toxic basic DNA binding protein that is expressed at high levels very early in 

the late phase of the replication cycle and is found in association with the viral DNA. 

egt (Ecdysteroid UDP-Glucosyltransferase) is a non-structural protein that is not essential 

for replication. The gene encodes a protein of 506 amino acids and the protein is secreted 

from infected cells. Sequence analysis shows that 18 amino acids are cleaved off the N­

terminus during export. The mature protein is 60 kDa and is N-glycosylated. egt 

homologues have been identified in many baculoviruses from both sub-groups and appear 

to be an ancestral gene. There is also evidence to suggest that the gene may have been 

acquired from the insect host (O'Reilly & Miller, 1992). 
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Figure 3: Budded virus and occlusion derived virus structure and locat ion of proteins 

(Miller el ai, 1997) 

It belongs to a la rge famil y of UDP-glucosyltransferases , which catall-Le the conjugation of 

ccdystreoids with UDP-glucose (O' Reill y & Miller, 1989). The cgl product shares 21 to 22 

% amino acid sequence identity wi th mammalian UDP-glucuronosyl transfcrases. In 

mammals the UDP-glucuronosyl transferases cata lyse the transfer o f g lucoronic acid to a 

variety of exogenous and endogenous lipophilic substrates, wh ich is essential for th e 

elimination of carcinogens and a multi tude of drugs. In insect systems the sugar 

conj ugation reactions of thi s type involve glucose (O 'Reill y & Miller, 1989) . There is 

ev idence that thi s conj ugation reaction suppresses host moulting. The function of egl is to 

lengthen the time after infection that the insect feeds. Insects infec ted with vi ru s with 

functiona l egt do not atTest feed ing and thll s calise lots of da mage to crops. Studi es have 

shown that insects intected with the vi rus lacking functional egt stop feeding and succumb 

to infection a lot sooner. They die during or soon after moulting, probably due to the stress 

of moulting or due to the precocious degeneration of the malphigian tubes, which 

accelerates moul t ing (Flipsen el a/, 1995) . egt deletions usually decrease the yield of 

progeny OBs wh il e arresting host development (O' Reill ey & Miller, 1989). egt expression 
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blocks the ability of the larva to pupate (enables the c011lrol of the host at an organi smaJ 

level). egt thus impacts on the course of infection even if moulting is not affected. A 

poss ible function of egl is to counteract the adverse effects of ecdysteroids on ,iral 

replication at a cellular level (O'Rei ll y & Miller, 1989). egl has sign ifi cant potential for use 

in baculovirus gene manipulation. Viruses cun be genetically engineered with egl deletions 

and then used to infect insects, resulting in their cessation of feeding a lot earlier after 

infecti on. Larvae attempting to moult will have an earlier death (O'Rei ll y & Miller, 1992). 

Thus deletion of egl is likel y to generate novel recombinant baculoviral pesticides (M iller 

el ai, 1997). 

Non structural genes include p35, an antiapoptotic gene that is expressed at high levels late 

in baculoviral infection. Early synthesis of 1'35 is required to pre"ent I'irus-induced 

apoptosis. The protein encoded by the ,,35 gene is 299 amino acids in length and has no 

recognizable sequence motifs (Miller et ai, 1997) . The pp3 1 gene encodes a phosphoprotein 

that is produced both early and late in infection and is assoc iated with the virogenic stroma 

in the nucleus (Miller et al. 1997). 

1.2.6) Genomic organisation 

A comparison of the overall gene content of divergent baculoviral genomes provides an 

overview of which genes are essential for virus survival. Certain genes are present in all 

baculov iruses whil e individual genes rc\"eal how baculoviruses are changing and acq uiring 

new distinct propel1ies. Genome size of different members varies from 90- 1 GO kbp, 

sugges ting that some genomcs lack genes present in o ther members. NucIcocapsids can 

expand to accommodate variations in genome content and can accept foreign genetic 

material. The avai lability of complete sequences will enable detailed comparisons of the 

genomcs of different members. The most conserved ORFs appear to be the matri x proteins 

granuli n and po lyhedrin . Baculoviruses also ca rry genes that are homologous to those 

found in other organisms (Miller et ai, 1997). Thi s family of viruses appears to have 

acquired gp64 (Fig. 3) envelope proteins, which is related to a glycoprotein of the Thogoto 

virus belonging to the Entomopox viruses (Miller el ai, 1997), A novel feature of 

baculoviruses is the presence of homologous regions 01rs). These are located throughout 
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th~ genome. They are composed of repea ted sequences encompass ing both direct repeats 

and imperfect palindromic sequences and have closely related counterparts elsewhere in the 

genom~ (M iller e/ til, 1997). T hese regions ma y playa role in DNA replication (O ·Reill y & 

Miller. 1992). but it is also suggested that the hrs ma y playa function in the bacul oviral 

lifecyle as they have been impl icated as transcriptional enhancers (Millcr e l ai, 1997). 

Since baculoviruses have large genomes, they also encode a second class of genes . These 

are referred to as auxi liary genes. These genes may function at a cel lular level or may 

faci li tate rep li cation. They also enable survival under spec ific conditions such as an 

alternate host species or cell type (O·Rei ll y elal, 1992). Examples of slich genes include 

polH, which is specitically involved in 08 formation. p74 associates with the envelope of 

the occluded vi ri ons and plays an essentia l role in in fec tiv ity of the midgut, the primary site 

of virlls infection. Other genes associated with replication include pens and dnapol 

(0· Reilly el ai, 1992) . 

1.2.7) DNA replication 

Flacul ov irus replication initiates a cascade of gene express ion that ultimately results in the 

product ion of progeny virus. This cascade is regulated at different points during replication. 

Earl y gene expression is regulated by Ule interaction of cis-acting elements, viral (Tans 

acting elements and host factors. Late and very late gene expression is regulated by a 

combination of ,·iral DNA replication. cis-acting elements and late vira l factors. Gene 

products are needed for repl ication of DNA, e.g. a novel DNA polymerase acti vity is 

present (Mikhailov el al. 1986). Baculoviruses encode their own replicative proteins. Cis­

acting elements are invo lved in the initiation of DNA synthesis. Hr elements play an 

important role in vi rus replication, as possibly the origins of rep li cation. The presence of 

hrs in multiples has evo lved to provide redundancy in the initi ation of viral DNA 

replication to ensure that it occurs erticient ly if one hr region is deleted (Majima et al. 

1993) . Non-hr ori gins of replication are necessary for maximal replication efficiency 

(Miller el ai, 1997). 
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1.2.8) Viral membranes and envelopes 

The rod-shaped particles of the granulo and nucieopolyhedroviruses are encio 'ed in two 

membranes - the inner and the outer membranes. Envelopes differ in their composition 

because of the different functions req uired of them. The baculoy iral envelope is adapted for 

movement and infection of ti ssues within the insect. Bac uloviruses obtain their envelopes 

frol11 the host cel l plasma membrane (Fig. 4). The envelope of the OOV is adapted fo r 

interacting with po lyhedron structures in the occlusion process and lo r fac ilitating infecti on 

in the midgut epithelium (Miller el ai, 1<)97). T he OOV envelope contri butes to yirion 

stab ility prior to entry and infectio n of midgut cell s. The ODV obtains its envelope wi thin 

the nucleopl asm. A num ber of virus-encoded proteins play a role in the assembl y of the 

envelope or act as direct precursors. This envelope consists o f a l ipid bilayer and it becomes 

tightly associated wi th the nucleocapsid upon occlusion. Other components of the em'elope 

are phospholi pids and a variety of proteins, which are tightl y bound to the surface o f the 

envelope. Nucleocapsids destined to be budded virus are transported fi'om the nucleus to 

the cytopla m and acquire an envelope when they bud through the membrane. They 

become enveloped and eventuall y occ luded in later stages of in fection. The QDVs are 

released a ft cr the occ lusion process, upon disintegration o f the insect. TI1CY then 

contaminate the fo liage, which is subsequentl y ingested by other susceptible insects, thus 

continui ng the infecti on process (Miller el ai, 1997). There ex ists a d ifference in protein 

and lipid composition between the bacu loviral and OOV envelopes. T hi s is due to the 

difference in functi on of both envelopes the baculoviral membrane has gp 64 (which OOV 

lac ks). that enabl es virus entry into cell s via adsorptive endocytosis during secondary 

infection (Smith, 19(7) . Baculoviral envelopes are adapted for movement and infecti on of 

cells and the OOV enve lope has proteins that assist in attaching the envelope to the 

microvi liar membranes of the host' s gut, which is the primary site of infection (Miller el ai, 

1997). 
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1.3) BACULOVIRUS GROUPINGS 

1.3.1) Nuc1eopolyhcdrov iruses 

NPYs are the most common and widely distributed baculoviruses phylogentically, infecting 

ovcr 400 insec t species across seven insect orders (Volkman ef ai, 1995). These viruses are 

easi ly recognized because of the presence of un iq ue polyhed ral bodies in the nuclei of 

infected ce ll s (Tanada & Kay-a. 1993). They have hexagonal pol yhedra and are about 0,5 -

1.5 microns (um ) in size. In fection in hosts occurs in the adipose ti ssue of the hypodermis, 

trachea and the middle intestine (Unknown 1,2000). 

1.3. I . I) Characteristics 

Thc two morph otypes SNPV and MNPV differ in th e number of nucleocapsids per 

envelopes. T he MNP\'s are man y times more pathogenic than SN PVs because or the 

number o r enveloped nucleocapsids (Tanada & Kaya , 1993) . Most of the enveloped 

nuclcocapsids in the nucleus are occluded in the polyhedra. Polyhedra contain RNA and 

cellular particles. Polyhedrin (matrix protein) constitutes 95 % and virions 5 % of the 

polyhedra (C rook , 1986). hapes of the polyhed ra range from cuboidal to tetrahedral to 

irregular depending on the specific virus. The producti on of polyhedra is not constant but 

allen-infected nuclei are compl etely tilled with them (Tanada & Kaya, 1993 ). Po lyheJra 

have an ex ternal su rface coa t, wh.ich is rich in carbohydrates and thiol and is linked to the 

polyhedrin matrix by proteins. This aITangement is thought to increase the stability of the 

occlusion bodies (M iller ef ai , 1997). 

1.3. 1.2) Genome 

The genome is organized in a collinear manner and contains open reading frames that have 

amino acid sequence identit ies varying fro m 25-90 % between different bacu loviruses 

(C rook, 1985). Baculoviruses have large genomes that must be highl y condensed to be 

packaged wi thi]l the nucieocapsids. Histones do not seem to be associated with DNA 

packaging. A sma ll gcne has been identil'ied that is thought to be a DNA-binding protein. In 

addi tion. a protein of 39 kDa has been identifi ed that appears to be a maj or component of 

the nLi cleocaps ids ofNPVs. 

13 



Transcription begins immediately after the release of vi ral DNA into cell nucleoplasm and 

these very early transcripts are grouped into a class of genes ca ll ed immediate early genes 

(IE). Gene express ion phases are (TE), structural or late, temporall y delayed and hyper 

expressed late genes. Delayed early genes are transcribed in the presence of a number of IE 

gene products and they contribute to the early phase of infection until the stal1 of' viral DNA 

rep li cation (B lissard & Rohnnann, 1990). Structural genes are functional du ring post­

infection (Tj ia et ai, 1979). The temporall y delayed genes are distinct in that transcripti on 

of th is class is maximum by 24 hours post infection and continues until cell death. T he 

predominant hyper expressed late genes are for the occlusion matrix protein polyhedrin 

(Ro tel & Faul kner. 1984). 

In NPVs vi ru s replication is rest,.icted to the midgut epi thelium . T he Vjru s invades and 

produces occ lusion bodies in the midgut epi thelium nuclei. Other tissues are then invaded 

(Mi ller el ai, 1997) . Evidence suggests th at the hr-genome seq uence may function as the 

origin of DNA replication. Three open read ing flames with sequence similarity to genes 

encoding proteins involved in DNA rep li cation in other organi sms have been identifi ed in 

NPVs. These inc lude genes with homology similar to DNA polymerase, helicase and 

proliferating cell nuclear an tigen . Transposon elements are present in the genome. These 

incl ude a retl'O transposon and many nonautonomous elements. Two types of transposons 

appear to have originated fi'om 111ul ticopy DNA in host genome showing that an exchange 

of genetic informa ti on between host and viral genome occurs (Crook, 1985). 

1.3.1.3) Repl ication 

fnclusion bodies are ingested and d isso lve in the gut alka li within 3 minutes to liberate the 

enveloped viJion. High pH and proteases aid the disso lution of the OBs in the midgut 

(B lissard & Rohrmann, 1990). Liberated virions (ODV) pass through the peritrophic 

membrane, using enzymes that di srupt the structural integrity of' the membrane, creating 

lesions that faci litate thei r passage and they invade columnar epithelial ce lls. An enhancing 

facto r from the po lyhedra also di srupts the peritrophic membrane to allow the virus through 

the membrane (B li ssard & Rohlmann, 1990). fn vasion invol\'es the attachment and fusion 

of viral envelope to the membrane of col umnar ep ithelial microv illus in the midgut . From 
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the site of fusion , nucleocapsids enter the microvillus. All occurs within 4 hours of 

ingestion. Invas ion of the nucleus occurs when the nucleocapsids attach to the nucleopores 

and uncoating occurs thus releas ing the vi ral DNA for vi ral replication. In troducti on o f 

nucleic acid into nuclearplasm in itiates the eclipse period of replication . The process is 

term inated by the appearance of a ring zone of viTogeni c stroma. In the stroma, viral DNA 

synthesis occurs leading to viral assembl y. Virus is assembled in successive stages. The 

viral development cycle is completed within 24 hours. Host DNA remains in its 

conventional chromatin form. Viral cnvelopes are formed when nucleocapsids associate 

with fibrou s filaments. Envelopes are globular and abundanl. They eventually form 

enveloped virions. Most nucleocapsids ex it the nucleus via the nucleopores or bud through 

the nucleo-envelope where they acquire membranes. The virus is now in its budded fonn 

(BV) and they emerge from the cell , acquiring an envelope that has virus-encoded proteins, 

e.g. gp64 envelope fusion proteul, which enables the infection of other tissues. 24-48 hours 

are requ ireu fo r the formation of polyhedra (Blissard & Rohrmanll , 1990). 

Virions liberated fi'om ingested occlusion bodies infect susceptible insect tissues. Midgut 

epi thelia l cells are infected foll owed by midgut connective tissue and lastly the hemocoel. 

The enveloped virion invades by means of vir ope xi s (Fig. 4). Once in a secondary site, two 

ditferent cycles of \'irion production occurs. The fi rst con esponds to the infection cyc le in 

the midgut and leads to B V production that migrates and infects other cell s. In indi vidual 

cells, baculoviral production peaks at 12- 16 hours. Then vira l replication shifts to the 

occl usion phase - where occluded virions and polyhedra are produced (Granados & 

Willi ams, 1986). The baculov iruses then initiate the second phase of infection (OBs are 

produced). The enveloped virion invades by means of viropexis . Refer to Fig. 4 fo r the 

process. 

Viral repli cation stages: 

Latent period (0-12 hours) 

Exponential period (12-72 hours) 

Stationary period (48 - 72 hours) 
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The formation of hundreds of polyhedra filling each nucleus causes hypertrophy or infected 

nuclei (they become 10 times the diameter of nuclei in healthy cell s) (Miller el ai, 1997). 

Nuclear hypertrophy leads to the hypertroph y of infected cells and tissues and causes 

swollenness of the larvae. T he fat body, tTacheal matri x and epidermis produce the most 

number of polyhedra. As virus replication proceeds, physical di stension and weakening of 

the plasma lemma caused by 08 form ation and production of vi ral protease, res ul ts in lysis 

of the nuc lei and cel ls. Mil lions of po lyhedra are thus acc umulate in ti ssues. Polyhedra are 

released into the baemol ymph when the basal lamina ruptures. Larvae eventuall y die at thi s 

point. During the occlusion phase, vira l encoded chitinase is produced which enables 

disruption of the chitin-rich cuticle, to release polyhedra into the environment from the 

dead larvae (M iller Cl ai, 1997). 

1.3.2) Granuloviruses 

The disease cal led granulosis was first detected by a Frenchman called Palliot in 1926, in 

the larvae of the while butterfl y Pieris brllssicae. This disease is fo und in larvae but 

occasionall y in pupae in the order lepidoptera (Smith . 1967) . 

Th~ term is applied to di seases caused by viruses. which have minute granul es contained in 

occlusion bodies . The GYs produce virions that are biochemicall y and structurall y similar 

to those of the NPVs, but the \'irions are occluded individuall y in smaller occlusion bodies 

call ed granul es. GYs occlusion bodies are oval and 120-300 nm in length (Crook, 1985). 

Granulin is the major protein making up GYs and the gene encodes a polypeptide of 25-30 

kDa. Granulin appears phosphorylated and l11ultimers of the polypeptides form subunits 

that make LIp the crystal lattice of the occ lusion bodies. The capsules are oval shaped and 

resi stant to enzyme action during decompos ition of the host larvae (Smith, 1967). They 

attack adipose ti ssue and the capsu les can survi ve fo r years, out of the sunlight. Sizes and 

shapes of the nucleocapsids and enveloped virions of GYs are similar to N PYs. 

Nucleocapsids acq uire envelopes by means similar to NPYs. 

The two baculovil'llses differ mainl y in 

• Number of nucleocapsids in an envelope 
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• Cytopathology 

• Occlusion process of enveloped nucleocapsids by capsule matri x protein 

Capsules are much small er and ovoid in shape with one vi rion (Tanada & Kaya, 1993). 

Virus reproductive strategy is to produce a transient infecti on in the midgut epitheli um. 

Depend ing on the type of GY, they then enter the fat body and invade other major ti ssues. 

Virus replicates li rst in the nucleus and then in the cytoplasm, after the rupturing of the 

nuclear envelopes (M il ler CI ai, 1997). Granul oviruses are limited to the order lepidoplera 

with abo ut 100 spcc ies known to be attacked by them (Volkman el ai, 1995). 

1.3.2. 1) Genome 

The genomes of GYs are s imilar to the NPYs and their sizes fall wi thin the same range. A 

number of structural proteins similar to those of ' PY have been isolated. GYs contain a 

supercoiled double stranded DNA genome. Many different genes have thus far been located 

on the GV genomc- the granulin gene, enhancin genes, iap gene, DNA helicase and DNA 

ligase genes (Hashimoto ef ai, 2000). The egt gene has also been identifi ed and sequenced 

(Wormleaton & W instan ley, 2001). Granuljn is closely related in structure and function to 

polyhedrin . h has 2- 3 add itional amino acids and a highly conserved N-terminus . Granulin 

sequences are highl y conserved. (Crook, 1985). The iap gene encodes a polypeptide of 3 1,3 

x 10' Da. A region near the C -terminus of the polypeptide contains a zi nc-finger like motif. 

The lap gene is similar to other genes with the ab ili ty to regu late apoplosis (Crook, 1985). 

Few studies on the express ion of the GV geoomes have been conducted (Tanada & Ka ya, 

1993). 

1.3.3 .21 Replicati on 

The mode o f infection and repli cation by granuloviruses. are s imilar to that of nucleo 

polyhed roviruses. Rep lication begins in the cell nucleus and induces the breakdown of the 

nuclear membranes, such that morphogenesis is completed in the cytoplasm (Crook, 1991). 

The highl y al ka li ne midgut juice dissolves the ingested capsules and the liberated 

em"eloped virions attach and fu se to the plasma membrane of the microvillus of' the 

col umna r midgut cell. Nuc leocaps ids enter the microvi llus. migrate to the nucleus and 
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attach to the nucleopores within 2 - 6 hours . The difference between GVs and NPVs, is that 

the GV nuc leocapsid injects the DNA into the nucleus at the pore. T he initial phase of 

rep li cation is identical to that ofNPVs, with enlargement of the nuclei occurring, then th e 

development of virogenic stroma, then hypertrophy of the nucleus and th en nucleocapsid 

production (Mill er el ai, 1997) . 

Uncoating is initiated by the virion-associated kinase . Vi rogenesis begins in tbe nucleus 

with the production of virogeni c stroma. The eclipse peri od is brief. Capsids appear after 6-

12 hours and are inco rporated with the vi ral nucleoprotein core. After the appearance orthe 

nucleocapsids, the nuclear envelope breaks down and vi rogenesis continues in the nucleus 

and cytoplasm. The envelopment ofnucl eocapsids and their occlusion in capsules occurs in 

ei th er the nucleus or the cytoplasm. The movem ent of virions from the midgut epithelium 

into the hemocoel resembles that ofNPV. The infection of the fat body occurs via viropex is 

of llucl eocapsids with peplomcr em·elopes. The occ lusion of nuclear-enveloped 

nucleocapsids occurs infrequently in the midgut but occurs in other secondary sites as in 

NPV. As mature virions begin to accumulate, masses of granulin appear. Virions quickly 

accumulate and fO I111 d istinct masse throughout the cell (M iller el a/, 1997). Capsule 

to nllation occurs by granulin condensing on the viral enve lope (Tanada & Kaya, 1993). 

According to Crook (1985). a less common form of complete rep lication occurs with the 

f0l111ati on o r occluded virus entirely replicating within the cytoplasm of cell s, which retain 

an intact and apparently normal nucleus. But it seems unlikel y that GVs code for all the 

enzymes required for the rep lication of DNA (Crook. 1986). Fig. 5 illu strates viral 

assemb I y in gran ulovi ruses. 
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Figure 5: Viral assembly in granulovimses (Crook, Webster & Granoff, 1999) 

1.4) GENERAL EFFECTS ON THE HOST 

The diverse group of baculovimses 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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NPYs infect over 400 specIes and susceptible hosts are found main ly in lepidoptera. 

(Crook, 1985). Baculoviral diseases are those of the larval stage and signs and progression 

of infection depend on many factors including the instal' infected , infection doses, 

temperature and the degree of compatibility between virus and host. Infection occurs by 

ingestion of li'ee and occluded virions. The period of infection fr0111 ingestion to death 

depends on factors like larval age, temperature, vi rul ence and vira l dosage. Death occurs in 

yo ung instal's within 24-72 hours after ingestion of polyhedra, with few gross signs of 

in fectio n prior to death. In o lder instal's, infecti on runs between 5- 10 days after whi ch death 

occurs, followed by the liquefaction of the larvae (Miller el ai, 1997). The ingested virion 

infects columnar epi thel ial cells of the midgut. Most lepidoptera show no symptoms for 2-5 

days. Initial symptoms are gradual changes in colour and the integument increases in 

opaqueness and milkiness . They become sluggish and weak. The infected larva continues 

feedi ng. The haemolymph turns mi lk ' and cloudy at advanced stages th is is due to the 

ci rculation of infectcd haemocytes and polyhedra released into the blood as a resu lt of lysis 

of cells of various tissues (Mi ll er el ai, 1997). They begin to swell and appear glossy 

(Mi ll er el ai, 1997) .. \s the infection progresses, molting of the larval instal'S is blocked by 

the production of a virall y encoded enzyme - UDP-glucosyltl'ansfera se. Thi s block 

tacili tates increasing levels of virus production. T he late stages of infection are 

characterized by production of polyhedrin . Near the end of infection, insect stops feeding 

(Crook, 1985) . hortly bel'ore dying, the larva climbs to an elevated location, e.g. treetop 

(Fig. 6) , where it d ies in an inverted posi tion. Death usuall y occurs in the larva l stage but 

some survi ve to pupal or adult stage (Tanada & Kaya, 1993). A characteristic ofbaculovi ral 

infection is the skin becoming fragile and eventuall y rupturing to release millions of 

polyhedra (Smith. 1967). 
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Figure 6: Characteristic appearance of lan'a kill ed by a bacul ov irus (Smith , 1967) 

1.4.2) Effects of the granuloviruses on lepidopteron 

Granuloviruses are said to infect onl y insects 11'om the order lepidoptera , The symptoms of 

infec tion range fi'o m colour changes, liquefying of bod contents, abnormal ea ting, to white 

liq uid oozing out of the skin. The nrst indication of infecti on is in the larva, which 

experi ences a progressive change in co lour and loss of appetite. It changes fi'om nOI111al to a 

pale whitish or milky-yellow appearance especiall y on the ventral side. According to 

Tanada & Kaya ( 1993), the whiteness is due to the abundance of capsu les in the 

hypertrophied fat bodies , The larvae increase in size. become opaque and mottl ed. At an 

advanced stage o f infec tion, the larvae have a brownish di sco loration and become larger, 

sluggish and progress ively ,,'eaker. 

GYs are confincd to a few tissues, especiall y the body fat. In some granulov iruses, mi totic 

proliferation o f uni nfected cell s occms causing an enlarged bloated larva, The dead larva 

wil ts. Fig. 7 illustrates GY infecti on in a larva, 
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Figure 7: GY infection in a larva (O'Rei ll y el III, 1992) 

lymph 

The infected midgut cell s are discharged into the gut lumen and virogenesis continues till 

cell lysis. Larvae develop diarrhoea for 2-4 days. Larval feces cause the horizontal 

transmission of virus (Tanada & Kaya, 1993). According to Crook (1985), in most 

infections, the fat body is the main site of virus replication and occl usion body producti on. 

The extent to wh ich other tissues are infected varies, but tracheal matrix and epidelmis are 

1110st conU11onl y in fec ted. Infection of the brain can also OCCUI'. Infection invariably leads to 

death of the insect after a peri od ofa few days to several weeks. 

1.5) METHODS FOR DISTINGUISHING BETWEEN DIFFERENT STRAINS OF 

BACULOVIRUSES 

The introduction of restriction endonuclease analys is to study baculovirus genomes in the 

1970s. provided a powerfu l means of characteri zing these genomes. These analyses provide 

a means of estimating genome size, assessing genome heterogeneity and distingu ishing 

between di [[erent vi ral strains (Miller & Dawes, 1978a). All iso lates of bacu lov iruses can 

be clearly distinguished by restriction enzyme analysis (Jehle & Fritsch, 1992). Restriction 

endonucleases provide a means of producing discrete Il'agments that can be ordered to 

provide physical maps (Miller el al, 1997). Analysis of DNA restlicti on profiles ind ica te 
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that isolates can be placed in three subtypes. To di stinguish between different strains, a 

physical map of the genome of the iso late must be constructed. The development of a 

physica l map also provides an important step in elucidating gene order. In these maps, 

DNA fi'agments from RE digests are ordered on a linear or circular sca le. The actual 

location of RE i"ragments or spec ifi c sequences are reported as a range within the sca le of 0-

100 map units. Physical maps help identify naturally occulTing recombinants and iliustTate 

g~nom i c homology in baclliovirllses (Doerfl er & Bohm, 1986). 

Mapping of the genome is achieved by digesting the DNA with a selies of restri ction 

enzymes, fo ll owed by SOli them blotting (he di gest to a nitrocellulose membrane. The blot is 

then probed with specific fi-agments that are labell ed radioactively or non-radioactively, to 

align the fragment in a specific position on the map. A south em blot shows the common 

DNA sequences between strains. Physical maps of genomes thus show variati ons and 

similarities between related strains o f baculoviruses and thi s allows the subtyping of 

\'aria nts i11to groupings (Bro\\"11 el al. 1993). 

1.6) USEFULNESS IN INSECT CONTROL 

"Interest in baculovi ruses originally centercd around their natural ability to control insect 

populations" (B li ssard & Rohrmann, 1990). Since bacllioviruses are thought to be species 

specifi c, they have been considered as candidates for biological insecticides for the control 

01" insect pests of economic importance (Maruniak et ai, 1984). The widespread natural 

occurrence of baculoviruses suggests that humans and ani mals have long been ex posed to 

lhesc viruses by contact and on their food, with no ill effects attributable to the viruses 

(Smith, 1967). In the 1970s, the first baculoviral product was introduced into the 

commercial arena . [t was Elcar J-felicovelpa zea NPV and was useful because of its high 

speci fi city and infectiousness (Tracey el ai, 1996). 

The ability of baculoviruses to protect depends on their speed of action and effecti ve dose 

(lha t wh ich is sufficient to initiate a producti ve systemic infection). Other important factors 

affecting their abi lity to protect include their stability, the amount of virus required to curb 

the feeding of insects and the beha viour of the insects. These factors need to be laken into 
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consideration. so as to control pest populations while substantially reducing crop damage 

(Tracey e/ ai, 1996). Baculoviruses cause minimal ecological damage and are compatible 

with other forms of contro l and can be used concurrently with most chemical insecticides. 

The efficacy of these viruses is sometimes overwhelming, e.g. a single application of potato 

tllberworm has been reported to contro l pests equal to at least 6-10 applications of a 

chemical insecticide (Summers et ai, 1975) . 

Crook ( I (85) states that in forest ecosystems, insect infestations can occur over millions of 

hecta res and baculoviruses play an essential role in the el imination of pest populations. 

Field studies have shown that the efficacies ofthese viruses are good (Consigli et ai, 1(86). 

NPVs have been effecti ve in insect control programmes. An NPV pathogenic for the 

velvet-bean caterpillar is used annually to treat millions of hectares of soybeans in Brazil 

(Summers e/ ai, 1975). This virus is extremely effective since insecticides kill beneficial 

insects as \\'e11 as pests. Granuloviruses are also usefu l in insect control, since they have 

been recorded as a natural mortality factor in man y lepidopteran populations, e.g. GV 

diseased larvae have been repOIted in populations of A. mpae in many countries and have 

shown to cont,ibute to the natural control of the pest (Crook el ai, 1(85). Transmission or 

virus occurs mainly by larvae feeding on contaminated remains of infected lan·ae. Over 80 

lepidopteran species are susceptible to granuloviruses and many of these insects affect 

economically impOltant crops. The use of GYs has already been successfu ll y impl emented 

in countries like Australia and China. The use of virus in controlling insect populations is 

favourable due to the rapid development of resi stance by pests to insecticides. There is also 

concern due to the hazardous nature of insecticides on the environment. As a result, pest 

management using viruses as biological control agents bas been encouraged (Doerfler & 

Bohm, 1986). 

Baculoviruses play a major role in regulating the level of insect populations in the 

environment. To justify thei r usefulness in insect control , all aspects of baculovi ruses and 

their effect on the environment and insect pests have been investigated. Epizootics can 

occasionally devastate some pest populations when their numbers are too high . Many insect 

popularions are characterized by cyc les of expansion and co ll apse. As the number of 
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insect's increase, insects ingest the occlusion bodies that ha ve contaminated the soi l and 

vegetation from previous baculovirus infections, and an infectious cycle is initiated. 

Transmiss ion of vi rus through populations can take a few days to weeks (Miller el ai, 

1007). The surrounding vegetation is contaminated by virions upon the death of the insect. 

The wind, birds and other insects thus disseminate the vi ru s. This leads to the spread of 

virus over large areas. The collapse of an insect population can result. Persistence, 

accumulation and denatu ration of the virus in the environment are of critical importance. 

NPV and GY acti"ity remains for long periods of time. OBs from dead larvae that adhere to 

host plants or contaminate the fol iage and soil tend to rema in there and have the ability to 

produce further infections (Mi ller et ai, 1997). 

Bioassays of so il samples in Southern Ontario, in a 2-year field study, showed active 

residues of Tricho[JLlsia l1i NPV and P.rapae GV present in the majority of samples (Fig. 

8). Soi l sa mples from a depth of I cm tJ'om a field in Sa li sbu ry, USA, where no crops had 

been grown fo r 9 years, showed an average of 2,6 x 10k polyhedra/acre (Summers et ai, 

1975). Studies have shown that the virus may persist in soil for long periods of time 

(Summers el ol, 1975). 

Polyhedra and granule adhere strongly to so il parUcIes and this natural accum ul ation of 

virus in the li eld has considerable value in controll ing host insects. High concentrat ions of 

accumu lated virus in soi l have resulted in repeated epizootics. Persistence in the field is 

sign ificant w ith regard to efficacy. Virus particles tend to persist in seasons fo ll owing their 

application (Summers e/ ai, 1975). 
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Figure 8: The activity of lhchoplusia ni N PV and Pieris rapae GV aHer application of 

virus suspensions to the leaves of cabbage plants in field plots (S ummers e/ ai, 1975) 

The stabili ty of the GV is dependant on the resistance of the OB protein to decomposition. 

Protein is broken down by weak alkali s, but wi thstand exposure to strong acids and other 

chemicals. In soi l, protein should not be readily decomposed by proteolytic microorgan isms 

(Summers e l ai, 1975). Exposure to sunlight, temperature and humidity are fac tors that are 

likely to inactivate them. But NPV and GV occlusion bodies wi thstand freezing and 

probably retain activity during prolonged exposure to normal ti eld temperatures. Moisture 

on leaves does have the abi lity to increase the rate of inactivation of OBs by su nlight. 

Deposits on leaves do not wash readily from leaf surfaces . Exposure to UV li ght longer 

than 280 nm appears to be the damaging factor, since about 50 % of original activity orthe 

virus can be lost by exposure to direct sunlight (Summers et al. 1975) . 

The safety of bacu loviruscs has been the focu s of many studies. Certain human pop ulat io ns 

have been exposed to them for long periods of time and have shown no evidence of 

infection. Testing of the virus on human subjects has included inhalation, intramuscular and 

subcutaneous applications and injections with vi ral preparations. There was no observable 

pathogenicity or toxicity (S ummers et ai, 1975). The ability of the virus to mutate has also 
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been investi gated. Mutations can be observed by determining the number of di fferent hosts 

in which a virus can successfully rep licate and then observing adaptations that the virus 

makes to its new host and changes in virulence. Studies in GV have shown the spec ificity 

of the virus, since abnorma l OBs (wi thout envelopes) and abnormal functioning, have been 

reported when GVs infected other hosts (S ummers c/ ai, 1975). 

These examplcs ill ustrate the usefulness of baculov iruses in contro lling pest populations. 

Since insecticides are no longer desirable for Lise in crops, bacu lov iruses offer a safer, 

cheaper and more effecti ve solution for the control of pests. Virus characteri zation is now 

required before GVs can be di sseminated into the environment (S ummers el ai, 1975). 

1.7) ADVANTAGES AND DISADVANTAGES OF GRANULOVIRUSES IN INSECT 

CONTROL 

Granulov iruses, as previously stated, are increasingly llsed as biological agents in pest 

management programs. The advantages of their use have been demonstrated in field and 

laboratory studies. GVs are hi ghl y effective in eliminati ng target hosts, c.g. GV of P.rapae 

is effective aga inst its specific hosts. In fi e ld studies, the GV of the cotton cutwoml has 

been useful to control infestations and limit crop damage. Large-scale programs utili zi'ng 

GV have already been s uccessful ly employed in countri es like Australia , China and Great 

Britain (Summers e/ ai, 1975 ). Unlike many syn thetic chemical pesticides, baculoviruses 

118\'e minima l environmental impact (E ldridge e/ ai, 1992). 

Baculovinrses are suitab le to use in control programs because they have: 

• A restri cted host range and their replication limited to invertebrates 

• Offer no e\'idence of resistance 

• Ki II a speci ric i nsec\ pest 

As previously stated, the majn advantage for their uSe is its natural contro l o f pests. -m e 

disad\'antages of GYs in insect control are that insects can sometimes survi ve for weeks 

after infection. During thi s time they continue feeding and still in tli c t damage to the crops. 
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II' a granulovirus causes death to a pest with limited crop damage, then the ,·.rus .s 

beneficial in the insect control process (Eldridge e/ ai, 1992). 

Insect icidal potential or granuloviruses is now being full y realized, but there are 

considerations about the overall safety with respect to their use. Considerations include 

producti on cos ts and effectiveness of agents in pest management programs, T he 

disadvantages that little is known about the cellular and molecular biology of GVs, There 

exists very little data regarding the detrimental effects on non-target hosts. Previous studies 

have only investi gated the effects on the whole organi sm. Under present sa fety standards, 

th e di sseminating of GV into the env ironment with consequent exposure to man and the 

environment cannot be fully in vesti ga ted until the granulovirus is fully characteri zed and 

the assessment of possible interactions with non-target species both ill vilro and ill vivo is 

completed. rts characterization is also necessary to: 

• Petmit monitoring of insect resistance to viral strains 

• Enable mutants to be detected during the production of insecticides, wh ich may 

have virulence and alterations in the host range 

• Allow deve lopment of assays for detecting viral residues (Doertl er & Bohm, 

1986) 

Baculov iruses have been reported to be safe since there have been no reported cases of 

infection/ disease in animals li vi ng in close proximity to local natural ep idemics o f virus 

disease of insects over hi stori ca l or recent times (Summers el ai, 1975). T hi s has been 

investi gated at a cellular level - deliberate attempts have been made to infect non-insect 

hosts and at a molecular level where animal tissues have been probed for evidence of 

integration of bacu loviral DNA into the host' s genome (Carstens, 1996). No indication of 

tox icity, allergic responses or pathogenicity due to bacul oviruses has been reported in a 

study by Ignoffo & Heimpel ( 1965). Table I shows a summary of results from testing of 

vertebrate and invertebrate species exposed to NPVs and the comparati ve toxi city of an 

NPV with chemical pesticides. ln another study men and wo men exposed to 6 billion 

polyhedra oyer 5 days showed no ill effects. These vi ruses are highl y specific since 

organisms lacking alkaline conditions in their gut or other points o f potential entry, will not 
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be susceptible to the vi rus. The occluded virus is usuall y applied in the field and the 

occlusion matrix provides an additiona l layer of sa fety in preventing virus entry into cell s 

of non-target organ isms (Miller e/ ai, 1997). Baculoviruses are an excell ent tool since they 

con trol specific insect pests and leave a complement of beneficial arthropod predators and 

parasites unharmed. They augment natural contro l rather than supplant it as insecticides do 

(Tracey e/ ai, 1996). 
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Table I: Comparative toxicity of Heliothis NPV and three commonly used insecticides on 

invertebrate classe~ (Summers et ai, 1975). 

A disadvantage of using bacu loviruses is that virulence of the virus is somctimes low and 

host range is restricted. The production process of the vi rus may be expensive and the fina l 

product ma y be unstable, therefore ba ic research is needed in gene expression, regulation , 

viru lence and host range (Carstens, 1996). The cost would also be high, since virus is 

usually produced in li ving insects, which is a labour-intensive process. 

Broad-spectrum chemicals often destroy beneficial insects and can be toxic to vertebrates; 

therefore granu loviruses provide an attractive, altell1ative means of control ling pests. A 

signifi cant advantage to using them as biological control agents is the ability we have to 

manipulate them to improve their functioning. Wi th the advent of genetic engineering, 
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insect-spec ific tox ic genes can be inserted into the genome of a virus and thi s accelerates 

the speed that a v irus ki ll s its target insect. The speed of action of the virus may be 

improved by identi fying and removing nonessentia l genes from the genome that might 

prolong their life in the host, e.g. deleting egl I-i·om the genome reduces food consumption 

and the larvae die faster (Tracey el ai, 1996). Baculov iruses that carry an exogenous gene 

whose product is select ively toxic to insects co ul d be safe and effective insecticides (Maeda 

el ai, 199 1). Bacu lov iruses can be used as a deli very system for foreign genes that can 

interfe re wi th some criti cal aspect of the host" s physiology or resu lt in reduced feed ing or 

death. Genes encodi ng toxi ns, e.g. an insect specific neurotoxin, can be introduced into the 

vi ral genome to improve the speed of kill of the virus. Thi s has already been done where an 

insect toxin from a scorpion Buthus empeus was placed under control of AcMNPY 

polyhedrin gene promoter. This resulted in rapid paral ysis of the larva and red uced feeding 

damage drasticall y (Stewart et ai, 1991). An im portant goal of genetic engineering of these 

vi ruses would be to shorten the post infection-feeding period of the insect. Us ing the 

insect's own hormones or hormone - regulated proteins al so represents a possible route for 

enhancing the control properti es of the baculovirus (Eldridge et ai, 1992). 

Table 2 illustrates the granulov iruses that are currentl y in use. 
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Table 2: Baculoviruses that are currently in use (Weeden, 1996) 

COMMoonv 

I\pple, pear, 'walnut and 
• plum 

, Cabbage, tomatoes, 
• cot tOil, (and see pests in 
next column) 

Cotton, corn, tomatoes 

Cotton and vegetables 

Vegetable crops, 
greenhouse flowers 

Vegetables 

Amdl1:l and other crops 

i iNSECT PEST 

Cabbage moth, American 
; bollworm, diamondback 
moth, potato tuber moth, 

, and grape berry moth 

Spodoj!tem littoralis 

Tobacco budwonn 
He/ico\'erpu ;;ea, and 

: Cotton bollworm Heflolhi.)' 
: l'irescem 

, 
i 

Beet armyworm 
rSj!ot!op/em C'xigllo) 

i Celery looper (Anagrapha 
: falcifera) 

Alfalt11 looper (A 11 /oxmpha 
calii'omica) 

. Douglas fir tussock moth 
Forest II abit a I, Lumber i( , ,! ,I 

r' )rxyia psueuo.!slIguw/ 

F()reSl Habitat Lumber : Gypsv moth 
; (/.) mall/rio JI,'lJUt) 

31 

, VIRUS (lSE[) V[R[JS 

'rRODVCT 

• Cyd-X 
@) 

Cabbage army worm 
· Mamestdll i

' nuclear polyhedrosis 
(~) 

• Spodoj)lera lilfora/is 
: nuclear polybedrosis 
: VIrus 

Spodoph:,-in " 
(~) 

HelicoverpCl :::ea ; Gemstar LC. 
IIlIcleal' polyhedrosis ; Biotl'{tl, r~kal' 
VIruS ; (;!) 

: Spodoplem exiRliu 
, nuclear polyhcdrosis 
• virus 

: Anagrapha falcifcra 
· nuclear polyhedrosis 
: virus 

( )FRyia 
pSlled()/sllf{ala 
nuclear polyhedrosis 

; virus 

lyman/rio diylul' 
nuclear polyhedrosis 
virus 

Sj)od-X 

CH 

, Hone at pn~se!lt 

GUS}\JW 

· Biological 
· Pesticidr 

GD 

TM Biocontrol 
(f) 

Gypchel, 
(1) 



1.8) FALSE CODLING MOTH (FCM) - Crvptopltlebialeucotreta 

1.8.1) General description 

The moth has a brown forewing (6 - 9 mm) with marki ngs and white dots (Pinhey, 1975). 

The hindwings are plain brown. "LeucotTeta " means ,,,ith white perforations. This moth is 

found throughout Africa, south of the Sahara and iI1l'ades cultivated crops. It is severe on 

citrus. but also attacks many other deciduous, subtropical and tropical fr uits. The navel 

appears to be the most heavily attacked of the swect oranges; grapefi'uit and naartjies are 

less susceptibl e, while in lemons larva l development is rarely ever completed, possibly due 

to the greater ac idity and excess ive juices in these fruit (Newton, 1998). 

Figure 9: Description of the false cod ling moth (Pin hey, 1975) 

1.8.2) Life cvcle 

The moths lay white eggs, wh ich are oval and ridged. The eggs are about I mm in diameter 

and are frequently laid inconspicuously in depressions of the rind. As population sizes 

increase, more fruit are infested and more eggs are laid per fruit. The eggs are laid singl y 

or in-groups on the surface of citrus fruits. After I week, the eggs hatch. The creamy larvae 

feed on the rest of the eggs or on other larvae. The reason for th is behaviour is that rarely 

more than one larva completes its development in a si ngle fruit. Thereafter, Ule larvae 
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borrow into the fruit and feeds on the inner rind and pulp but not on the juicy fl esh. The 

lalva is initially creamy white with a black head capsu le, bu t with age takes on a 

characteristi c pinkish-red body colour. The fruit is entered through an injury point and the 

last larval instar exits through a conspicous frass fi ll ed exit hole and commonly drops to the 

ground via a sil ken thread, or em erges after the fruit has fall en. Thi s causes premature 

ripening of the fruit and causes it to fall. The larva then spins a cocoon on the surface of the 

so il. The pupa l stage lasts a few days. The pupa has a transyerse row of spines on each 

segment. The ad ult is a small inconspicuous moth, which is an overall dark brown. The 

forewings arc mottl ed and the hindwings are paler. T he male FeM is smaller and 

di stingui shed by densely packed elongated scales on the hind ti bia. Fema les mate shortl y 

after emergence and there i multiple mating in ma les and females (Newton, 1998). Adu lts 

live for 1-2 weeks and females lay up to 300 eggs (Pinhey. 1975). Eggs have a high rate o f 

fer ti li ty. The observed peak of egg laying occurs in the lirst night of the oviposioti on 

period, wh ich is normall y 2 days after emergence. Egg laying continues for about 10-25 

days and can fluctuate (Newton, 1998). 

1.8.3) Effects on fruit 

Under Sou th Afri can conditions, the moth preferentially confines itself to ripening ciu'us 

fruits during late summer. The \ astmajority of eggs are laid directl y on the li'uit sur face. 

The emerging lan'ae penetrate the fruit and in citrus thi s leads to frui t decay, premature 

ripening and absci ssion. The small lesions caused by exploring larvae leads to fru it Joss 

e,'en when lalval mortality is high. Infested fruit are shed in early I ovember. Emerging 

larvae bore into the albedo and usually feed just below the surface. Sometimes they ma y 

tllJmel through the pith to tll e core of the fwit. When full y grown, the la rvae bore their way 

out of the fruit to seek a pupation site. The rind takes on a yellowish-bro wn colour around 

the point of infestation as the tissue decays and co ll apses. On citrus, the FCM takes 23-26 

days from egg to ad ult. The insect wi ll breed wi th a continuous suppl y of fruit. The tlrs t 

eggs will be laid in OctoberlNovember; populations ri se towards late summer and !,'Taduall y 

dec line with the onset of winter temperatures. There is evidence to suggest that moths 

originating in indigenous hosts give ri se to infestations at the start of the season in some 

areas (Newton, 1998). 
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Figure 10: (A) FCM (B) a larva burrowing into a citrus fiuit (Moore, 2000) 

1.8.4) Control methods for Crvptophlebia leucotreta 

False codling moth is an extremely difficult pest to control since eggs are laid continually 

during the fiuiting period of citrus and upon hatching; the larvae bore into fiuit within a few 

hours. 

1.8.4.1) Chemicals 

Protection of crops by spraying them three times with insecticide in 2,5- 6 weeks before 

harvesting serves as a control for C.leucotreta. Commercial producers employ other 

methods using insecticides in the peaches industry (Annecke & Moran, 1982). Chemical 

control is difficult because of the inaccessibility of the many life stages and expensive due 
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to the persistent pest pressure throughout the fruiting season . Attempts to control the pest 

have been made with a vari ety of insect icides. Sprays of DDT and parathion have reduced 

infestations, but presented residue problems. Chitin syn thesis inhibitor insecticides have 

also been used, but have proved to be expensive (Newton, 1998). A total amount of 5 % of 

fruit slung by the false codling moth is regarded as an acceptable toll. This can be 

decreased by orchard sanitation: stung fruits are removed and destroyed before caterpillars 

in them emerge to pupate in the so il. Sani tati on measu res are ex pensive and laborious and 

do not always guarantee satisfactory control (Newlon, 1998). There are three insecti cides 

that are cUlTentl y in use. Insect growth regulators (lGR), e.g. triflumuron , work well but 

coverage on trees must be thorough. Most growers are unable or unwill ing to apply the 

IGR at the required volumes. Development of resi stance to this prod uct has also been found 

in some areas. Another chemical in use is microencapsulated methyl parathion. However 

this chemica l is detrimental to natural enemies and its pre-harvest interval exceeds its 

period of residual erticacy. T he third product is Fenpropathrin, which is a pyrethro id. It is 

also detrimental to natural enemies and can only be applied fOllr weeks before harvest. The 

use of insecticides involves high cost and ha side effects; therefore, their use is limited in 

citrus orchards (Moore, 2000). 

1.8.4.2) Viruses 

The manipulation of pathogens to reduce pest populations is caned microbial control. A 

microbial pesti cide may contain a virus and functions as a pest contro l agent. Recombinant 

bac uloviruses can be used in fi elds as microbial agents. 

Microbial agents offer good control if they: 

• Are specifi c to the target orga ni sm 

• Are harmless to vertebrates and plants 

• Show little 'no environmental damage 

• Calise no secondary pest outbreak 

• Possess mass production capability wi th facultati ve pathogens 
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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 effective 

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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The formulat ion of the vi rus is important. An efficient virus production scheme cannot be 

sllccessful withou t a formulation that protects it from environmental degradation. The goal 

of the formulation is to preserve activity and deli ver product to the target system using 

conventional delivery technology. The usefulness of a baculovirus can be maxi mized 

through product formulation. Optica l brighteners can be used to enhance baculovirus 

infecti, ity. The addition of other inert components can improve the activity of applied 

doses in the fie ld and UV screening agents can help preserve viral acti vity, e.g. chemical 

UV adso rbents like lIva!. . ubstances that pro long acti vi ty and increase effectiveness 

incl ude protei nacous materi als, black dyes, charcoa l or a combination of these (S ummers el 

ai, 1975). Vira l insecticides are typically wettable powders that are compati ble with spray 

equipment. A cri tical factor in the performance of the baculovirus is how well the host 

range of the viruses matches the spectrum of insects that it must contTol in a crop (Ignaoffo 

el al. 1965). The success of the virus wi ll be determined by its efficacy coupl ed with fie ld 

persistence. In vivo producti on is the lead ing technology with rega rd to production 

methods. III vivo production has the advantage over in vitro production since insect rearing; 

di ets. vira l infection and harvesting are well developed. Man y insect viruses are also 

amenable to in vivo production, e.g. CpGV. However, the development of recombinan t 

baculov iruses expressing insecticidal genes wil l eventuall y see the use of in vitro 

technology to support their production (e.g. the use of stirred tank reactors for their 

production) (Tracey el ai, 1996). Field-tes ti ng of viruses is also required to determine the 

commercial potential o r the insecticide. The extent to which baculovirus fOll11ulations can 

protect vi ral activ ity fro m UV degradation and improve persistence will greatl y influence 

the market fo r vi ral insecticides. 

Granu loviruses are potentiall y use ful as pest con trol agents (DoeOer & Bohm. 1986). 

S ince the granulov iruses meet the requirements for microb ial control agen ts, they offer US 

an attractive alternative to spraying crops with insecticides. Clyptoph./ehiu ICLIGotreia 

granulovirus (CIGV) infects the fa lse codling moth . CIGV consists of a dsDNA genome 

and the virions are occ luded by granulin. The virus is highl y specitic and effective in the 

con trol of reM. Once C1GV is fully characterized, it may be ll sed as a pest control agent 

(Jehle & f'ritsc h. 1992). Million of rands worth of fru it are lost annually by the citrus 
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industry to due pre-harvest infestation and post-harvest damage. C IGV cou ld be sprayed on 

crops and cause infection in FeM larvae prior to them bUlTowing into fruit and causing 

damage. This method is beneficial since viruses are highl y specific and are less harmful to 

the env ironmen t as compared to pesticides. Therefore CIGV is being characterized for its 

possib le future use as an insecticide to contro l fa lse codling moth damage to citrus crops. 

1.9) OBJECTIVES AND RESEARCH GOALS 

The objecti ve of thi s project is to full y characterize the South African iso late of 

Oyplophiebia ieacolrela granulovirus ( IGV). This characteriza ti on will in vo lve 

establishing the size of the CIGV- A genome, constructing physical maps for different 

restriction enzymes and providing restricti on enzyme profiles of the DNA. Once the 

restri cti on enzyme profiles and physical maps of the CIGV -SA isolate have been 

established, they will be compared to the Cape Verde (CV3) isolate of the virus, to 

establi sh similarities and di fferences between the isolates. A plasmid library of the genome 

will also be establ ished, by cloning restriction enzyme fragments of the genome into a 

plasmid vector. Such a library would be useful for sequencing of the genome and for 

isolating various genes. 

Essential genes like egl and granulill will be iso lated. Their positions in the genome wi ll 

be determined and both genes will be sequenced. A fin al part of the project will be to probe 

natural pop ul ations of false cod ling moth larvae. for ClGV using peR and dol blot 

hybrid izations and to compare both methods. The incidence of C IGV in natural populations 

of fa lse codling moth larvae will also be determined. 
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CHAPTER 2: VIRUS PURIFICATION AND DNA 

EXTRACTION 

2.1) INTRODUCTION 

Many bacu loviruses have been considered for use as viral insectic ides (M aeda & 

Majima, 1990). Compared to nucleopolyhedroviruses, less is known about the 

molecular biology of granuloviruses and few restriction enzyme maps have been 

constructed (Jehle & Fritsch, 1992). Before Gyplophlebia leucotreta granulovirus 

can be used as a biological contro l agent against fal se codling moth larvae, a full 

characterisat ion of the vi rus is required. Thus, the virus needs to be extracted and 

puri tied fi'om infected samples of C leucotreta larvae. 

Virus purification is defined as the physical separation of a virus in a concentrated 

fonn from the host cell milieu in which it has grown (. [ahy & Kungro, 1996). Ultra 

cen tri tiJgation is the usual technique of choice for the puri tication of virions ti'OIl1 

their contaminating materi al. Virus was purifi ed Ii'om false cod ling moth larvae 

in fec ted with the Western Cape strain of CIGV, The extraction of vi rus panicles 

involves the use of ultracentrifugation and glycerol gradients to generate vims bands. 

Virions are liberated from their granules with sodium carbonate and sodium dodecyl 

sulphate (SDS). A key step in purifyi ng DNA involves the removal of proteins by 

phenol and chlorofonn :isoamyl alcohol. This step takes advantage of the fact thai 

deproteim:ation is more effective with two different organic so lvents instead of one. A 

fi nal treatment with chlorofornl:i soamyl alcohol alone, removes any remaining phenol 

(Fanell,1993). 

2.2) MATERIALS AND METHODS 

FCM larvae were kindly provid ed by Sean Moore (Ci trus Research Internat ional) 

from his laboratory colony that was infected with the WeSlern Cape strain ofCIGV. 

2.2.1) Virus purification 

Several methods for virus puri lication were attempted before a suitable puri fi cation 

procedure was obtained from Horti culture Research Internat ional. Ex traction of insect 

material started out with homogenisation in a buffer so lution thaI would assu re a 
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favourab le final pH and salt concentration (Frankel Conrat et ai, 1998). Generall y 2 g 

equiva lent to 200 larvae were homogenised in 4 ml of 0.1 % SDS solution using the 

Sorvall Homogeniser. The volume of the homogenate was then made up to 10 ml 

using 0. 1 % SDS and the homogenate filtered through cheesecloth to filter out the 

coarse ti ssue debris. The homogenate was then transfen'ed to two centrifuge tubes, 

which were centrifuged at 10 000 rpm for 30 minutes to pellet the vi ral occlusion 

bodies. The pellets were resuspended in 6 ml 0.1 % SDS. Two continuous 30-80 % 

(v/v) glycerol gradients were prepared (using the Biorad gradi ent maker) in 0.1 % 

SDS in 35 ml centrifuge tubes. Glycero l was chosen for the grad ients since it has no 

effect on the virus particles, is readil y avai lab le in a purified state and prodllces sharp 

vi rus bands after centrifugation. The gradients were prepared by adding the 30 % and 

80 % glycerol so lutions to the separate mixing chambers. The homogenate was 

layered onto the gradients which were tben cenh'ifuged for 15 minutes at 15000 rpm 

using the swing out rotor type 28 in the Beckman Ultracentrifuge. The virus bands 

were visuali sed by illumination from below (Fig. II ) and were co ll ected by pipetting 

into fresh centri fuge tubes. The width of the virus band was dependant on the amount 

of vi rus layered onto the gradient. Double di stilled water was added to the centrifuge 

tubes to fill them. The material was then centri fu ged fo r 14 minutes at 10 000 rpm at 

4°C. Two to three washes were required to produce relatively pure occlusion bodies. 

Each time the supematant was discarded and the pellets resuspended in double 

di still ed water (to the top) and spun again at 10 000 rpm for 14 minutes. After the 

fi nal spin, the pellets were resuspended in 2 ml of do uble di still ed water and stored at 

4°C. Refer to Appendix I for the so lutions used. The numbers of occlusion bodies 

present were counted at thi s point using the spectrophotometer. 

2.2.2) The determination of the occlusion body numbe,' using tbe 

spectrophotometer 

Once the vi rus had been purified, the number of occlusion bodies present in Ule virus 

sample was detennined using the spectrophotometer (Beckman DU530). A 1/100 

dilution, or if necessary a 1/400 dilution was made of the vi rus particles. Absorbance 

read ings were taken at 350 nm and 260 nm and the number of occlusion bodies was 

calculated according the following formulas: 

OD350 113 x dilution factor = mglml 

OD26() / 13 x dilution factor = mglml 
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If absorbance readi ngs at the two wavelengths were 0.791 and 1.907 respectively, the 

number of occlusion bodies wou ld be calculated as follows: 

00)50: 0.79 1/ 13 x 400 (dilution factor) 

= 24.34 mglml 

00261): 1.907/13 x 400 (dilution factor) 

= 25 .76 mg/ml 

Average = 25.05 mg/ml 

Number of occ lusio n bodies = average x 3.83 x 10K 

= 25.05 X 3.83 X lo ll capsules/ml 

= 9.5 X lOll capsu les/ml 

The formulas used to calculate the number of occlusion bodies were supplied by Dr S 

Wormleaton (Horticu ltural Research International). 

2.2.3) DNA extraction 

To extract ClOY DNA from 500 /<1 of occlusion bodies, 25 /<1 of a I M sodium 

carbonate so lution was added and incubated for 30 minutes at 37°C. The sodium 

carbonate causes the occlusion body to dissolve but does not destroy or inactivate the 

vi rus partic le (Harri s, 1964). it was important that the solution was clear before 

proceeding. 30 /<1 of TE buffer (10 mM, pH 8) was added in order to neutrali se tbe 

solution. The pH of the solution must be 8; occasional ly addi tional TE (Tris-EDTA) 

buffer was required. 25 /<1 of RNase A was then added and the so lution illcubated for 

one hour at 37°C. SDS, a detergent that is able to so lubili se the viral coat protein , was 

addcd (60 ul of a 10 % so luti on) along with 50/<1 of proteinase K (vi rus degradation 

is fac ilitated by proteases). The so luti on was aga in incubated at 3rc for one hour. 

The isolation of intact nucleic acid materi al was achieved by extraction wi th phenol 

since phenol enables the precipitation of proteins to occur (Maramorosch & 

Koprowski, 1967). To iso late the ClOY DNA, an equal volume of buffer saturated 

phenol (Tri s-buffered, pH 8) was added and the eppendorf was shaken vigorous ly by 

hand as vortexing can shear the DNA. This was then centrifuged in a bench top 

microfuge for 5 minutes at 4500 rpm. The c lear upper phase was ex tracted, if not 

clear the spin was repeated. An equal vo lume of phenol and chlorofoml:isoamyl 

alcohol (24: I ) was added to the upper phase, which was shaken again and spun at 

4500 rpm for 5 minutes . The extracted upper phase was treated with an equal volume 

of chloroform :isoamyl alcoho l (24: I) and centrifuged as before. The upper phase that 
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was extracted was treated in one of two ways . When DNA was being extracted from 

large vo lumes of \'irus particles, dialysis was the method of choice fo r the 

precip itation of the DNA. This technique involved prepal;ng dial ysis membrane that 

was boiled in I x TAE buffer for 5 minutes. The upper phase was added to the bag, 

which was tied at one end. The dialysis bag was then clamped onto the side of a 

beaker containing I L of I x TAE. The dialysis occulTed overnight at 4°C, with the 

buffer being changed the next morning and 2 hours thereafter. Refer to Appendix I 

for the so lutions used. The DNA was then removed from the dia lysis bag and the 

concentration oftbe DNA determined. 

For smaller volumes of DNA that required precipitation, ethano l and sodium acetate 

were used. Two vo lumes of 95 % ethanol solution and a 1/1 O'h volume of 3 M 

sodium acetate were added to the DNA. The so lution was mixed and incubated at -

20°C for 20 minutes to overnight. The D A was then centrifuged in a microfuge at 

13 000 g for 20 minutes. The supernatant was discarded and the pellet washed with I 

ml of 70 % ethanol. The pellet was centri fuged at 13000 g for a further minute and 

then allowed to dry. Once dry the D A pellet was resuspended in 20 III TE buffer ( 10 

mM, pH 8). 

On occaSion, the DNA ap peared to be contam inated wi th possible proteins Since 

restriction enzymes were unable to cut the DNA. In these instances, the DNA was 

flllther purified usi ng Genomic Tips (Qiagen) , which are a reliable method for the 

iso lation of pure high-molecular weight genomic DNA. This si mple puri fi cation 

procedure is based on the selectivity of the Qiagen anion-exchange resin (Qiagen 

Handbook, 1997). To remove any remaining contaminants 50 ILl of CIGV DNA was 

used and the vo lume made up to I 1111 witb solution I. Genomic tip 20lG was used and 

the tip was equilibrated with buffer QBT, whi ch is emptied by gravity flo w. The DNA 

was vortexed for 10 seconds at 13 000 g and then applied to the tip by grav ity flow . 

The tip was then washed three times with I ml of buffer QC in order to remove all 

contaminants. The DNA was eluted fro m the tip with I ml of buffer QF (pre-wallned 

to 50°C in order to increase the yield of DNA recovered). 1.4 ml of isopropanol (room 

temperature) was then added to precipitate the DNA. This was carefu lly mixed and 

then microfuged for 2 minutes at maximum speed. The supell1atant was removed 

carefully. The DNA pellet was washed with I ml of 70 % ethanol (-20°C), vortexed 
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and centri fuged again for 5 minutes . Once the supernatant was removed, the pellet air­

dlied for 10 min utes. The DNA was then resuspended in 100 J.LI of 10 mM TE buffer 

(pH 8) (Qiagen Handbook, 1997). Refer to Appendix 1 for the so lutions used. 

2.2.4) DNA quantification 

For large sca le DNA extraction (vo lumes of 5 ml) dialysis was used, while for 

vo lumes of less than I ml DNA was prec ip itated with 95 % ethano l and 3 M sodium 

acetate. Once the DNA was resuspended in TE buffer (10 mM , pH 8), the 

concentrat ion of the DNA was determined llsing a Genequant (Pharamicia Biotech) or 

Beckman DU 530 spectrophotometer. 

2.2.4. 1) Ouantifi cation of DNA using the geneguant 

A 1/100 dilution of the CIGV DNA was made using tripl e distilled water. The 

absorbance of the DNA was read at 260 nm and the concentration of the double 

stTanded DNA was calculated by the Genequant. 

A good sanlple of DNA generall y yielded approximately 30 J.Lglml of DNA. 

2 .2.4.2) Ouantification of DNA using the spectrophotometer 

The concentration of DNA can be measured spectrophotometrica ll y at 260 nm using 

the formula that I OD26O unit = 50 J.Lg/ml. A I in 200 dilution \\·as made of the 

samples . Purity was estimated by measuring the absorbance at 260 and 280 n111, with 

the ratio OD2(,0/0D280 being 1,8 if the DNA was not contanlinated by proreins (Mahy 

& Kungro, 1996). 

2.2.5) Single insect purification 

A single larva was homogeni sed in an Eppendorf in 0.5 1111 of O. I % SDS and 

centrifuged at low speed for 10 seconds. The supematant was h·ansferred to a rresb 

tube. 0.3 1111 0. 1 % SDS was added to the pell et and the pellet was resuspended by 

vigoro us mixing. This was centri fuged as before and the supel11atant fr0111 th is step 

and the previous step were combined. 30-80 % glycerol gradients were prepared in 

0.1 % SD and the supernatant was layered onto the gradients. The gradients were 

then ultracentrifuged llsing the SW 28 swing out rotor for 20 minutes at 15 000 rpm. 

The capsul e band was recovered to centri fuge tubes, wh ich \ 'ere then fill ed with 

water. The capsules were pelleted by centrifuging fo r 15 minutes at 15 000 rpm. The 
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supcrnata11l was removed careful ly so that the pellct was not dist urbed. I 1111 of water 

was added to the pe ll et, which was resuspended and transferred to an Eppendorf tube. 

The puri fied capsules were pelleted by cen tri fugation for 3 minutes at maXIl11Um 

speed in a bench top microfuge. The supernatant was removed and the pell et 

resuspended in 100 J-tl of water and stored at - 20°C. Once the occlusion bodies were 

purified, DNA could be ex tracted as in 2.2.3. The DNA was precipitated using 3 M 

sodium acetate and 9S % ethanol. 

2.3) RESULTS 

2.3.1) Virus purification 

CIGV was purified using ultracen trifugat ion in g lycero l gradi ents. A virus band was 

obtained in the centre of the gradient and could be viewed by illumi nation from 

below. The band containing CIGV occlusion bodies was recovered by pipettiJlg. 

Another band was generall y present below the virus band, containing unkrlown 

material. Fig. 11 illustrates the CIGV virus band obtained after ultracen trifugation on 

a 30-80 % glycerol grad ient. A typical yield from 2 g of infected insects was 8 x 1010 

capsules/ill I as determined speclrophotometrically. 

Figure 11: The CIGV virus band on a 30 80 % glycero l grad ient. 
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2.3.2) DNA visualisation 

Electrophoresis through agarose is a standard method used to separate, identify and 

purify DNA fragments. This simple technique allows the presence of DNA to be 

determined directly using staining with a fluorescent intercalating dye ethidium 

bromide (Sambrook et ai, 1989). The presence ofCIGV DNA was also determined by 

electrophoresing samples of DNA on 1 % agarose gels for 1 hour at 100 V in the 

presence of 0.5 : g/ml ethidium bromide. The gels were then visualised under 

ultraviolet light and bands on the agarose gels indicated the presence of DNA. 

Generally, digestion of the ClOY DNA was performed using restriction 

endonucleases once an adequate concentration of DNA was obtained, and these 

digests were then electrophoresed in agarose gels to confirm the presence of DNA. 

Fig. 12 shows a typical I % agarose gel with ClGV DNA digested with restriction 

enzymes thus confirming the presence of viral DNA. 

I 234 

I - marker 9/ Pst I 
2 - EcoRI digest 
3 - Kpn I digest 
4 - Xho 1 digest 

Figure 12: CIGV DNA digested with restriction enzymes EcoRI , Kpnl & Xhol on a 

1 % agarose gel. See Table 6, page 62 for the sizes of the molecular weight markers. 

DISCUSSION 

The techniques employed for virus purification and DNA extraction proved to be 

successful in isolating viral material from false codling moth larvae. 
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Virus could be adequately purifi ed from larvae USlJ1 g glycero l grad ients , ultra 

centrifugation and several washing steps. Glycerol grad ients appeared to be more 

satisfactory for lIse as a density gradient support medium, si nce sharper virus bands 

were obtained than with sucrose gradients. The extraction of CIGV DNA was done 

successfull y by both dialys is and precipitation with ethano l and sodium acetate. The 

key steps in the ex tracti on process included the treatment of capsules with sodium 

carbonate, which di sso lved away the vi rus protein i.n order to liberate the DNA 

(Smith, 197 1). The treatment of the DNA with phenol and cblorofonn:isoamy alcohol 

was essential in eliminating contaminating proteins. Once these were added to the 

virus, they were mixed vigorously (not vortexed) ill order to liberate the DNA. The 

detergent SDS and the protease Proteinase K were also essential for the breakdown of 

the virus particle such that its nucleic acid could be isolated. Despite the success of 

the techniques, contaminating material sometimes accompanied the DNA, preventing 

its digestion by restriction enzymes e.g. EcoR I . The Genomic tip (Qiagen) has proved 

to be useful in eliminating such contaminants. 

Using thesc techniques adequate samp les of CIGV and its DNA could be extracted for 

lise in different molecular techniques for the mapping, profiling and overall 

characterisation of the virus. 
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CHAPTER THREE: THE ANALYSIS OF Cryptophlebia 

Leucotreta granulovirus (CIGY) DNA 

3.1) INTRODUCTION 

Before Oyp/oph/ehia leuco/rela granulovirus (CIGV) can be utilised as a biological 

control agent, a full characteri sation of the virus is required. The characterisation of 

the virus invol ves determining the size, restriction enzyme profiles and physical maps 

of the genome. DNA restri ction enzyme profiles can be used to identi fy and compare 

baculovirus isolates (Marunaik el ai, 1984). Electrophoresis of fragments produced by 

di gestion of different GV DNAs with restri ction enzymes show clear similarities and 

differences between di fferent viruses (Crook, 198 1). Similarities between profiles 

from di fferent viruses can also be used to subtype variants into groupings, which may 

refl ect their geographical origins (Smith & Crook , 1988). 

The COnf0Il11at ion and size of vi ral DNA has been studied by a number of techniques 

including sed imentation in sucrose gradients and by restriction enzyme (RE) digests. 

Recent studies have shown the usefulness of RE analysis of large baculoviral 

genom es (Crook el ai, 1997). RE li·agment patterns of DNA have been utili sed to 

estimate genome size, to identify viral iso lates and to distingui sh between c losely 

related genom ic variants. C leavage si tes of a number of restriction enzymes have been 

localised on the genomes in order to construct physical maps of the vira l DNA. For 

analysis of the structure and organi sati on orthe genome, DNA has to be digested wi th 

several enzymes both alone and in combination. T he analys is of RE profiles revea ls a 

large degree of genetic diversity between virus iso lates (Tweeten et ai, 1980). 

In this chapter the characteri stics of the CIGV genome will be examined. These 

include the size of the C IGV genome, the profiles generated from s ingle and double 

digests, the comparison of the South African iso late of C IGV with a Cape Verde 

isolate and the construction of a plasmid library of the CIGV genome. 
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3.2) RESTRJCTJON ENZYME PROFILES 

Restri ction endonucleases recognise specific base sequences 011 a DNA molecu le and 

makes one cut in each stTand , thus cleaving the molecule. Each GY DNA has unique 

RE patterns fo r each pal1icular enzyme (Dwyer & Granados, 1987). Thus far the 

DNAs of granuloviruses have been ana lysed using a wide range of restriction 

enzymes (Crook, 1986). Jehle & Fritsch (1992) had constructed RE profiles for the 

Cape Verde isolate (CIGY-CV3) usi ng 10 different enzymes. The same set of 

enzymes was selected for use in characterising South African isolate (CIGY -SA). 

Optimum digestion conditions, electrophoresis time and agarose gel concentrations 

had to be detel1l1ined for each enzyme digest for optimum band separation and the 

resolution of small and large fragments. All isolates can be clearly distinguished by 

restriction enzyme analysis (Jehle & Fritsch, 1992). 

3.2.1) Materials and methods 

CIGY-SA was isolated from a laboratory colony of Cleucolrela. Larvae for virus and 

DNA ex traction were kindly supplied by Sean Moore (Citrus Research International). 

ClGY-CY3 was isolated from larvae supp li ed by Dr S Wormleaton (Horticultural 

Research Intemational) . 

3.2. 1. 1) Single enzyme digests 

CIGV DNA was extracted and its concentrat ion determined spectrophotometrically. 

Ideall y 800 ng of DNA was required per digest. Various restriction enzymes were 

selected and digests were performed as follows: 

800 ng CIGY DNA 

2 ILl Restri ction endonuclease (20 units) 

15 ILl Buffer (10 x) 

.1U!l distilled water 

150 ILl 

The digest was mixed and then incubated at 37°C for 2 hours. Fragments generated 

fi'O!l1 digestion were detected by agarose gel electrophoresis. 6 x loading buffer was 

added after digestion to each digest ( 1/6Ih of the total vol ume). To allow for both 

small and large fragments of the digests to be resolved, the fi'agments were 

electrophoresed on (wo separate gels - a l % TBE agarose gel for small fragments 

and a 0.7 % T AE gel for the larger fj·agments. Re fer to Appendix 2 for the solutions 
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used and gels made. The I % gel was electrophoresed at 100 V for an hour and a hal f 

in 0.5 x TBE buffer. The molecular weight marker NBslE II 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 - N Hind III and l\ Mix 19 (used 

to determine very large fragm ent sizes). The 0.7 % gel had to be stained after 

electrophoresis in 200 ml of 0.5 x TAE buffer containing 20 ILl ethidium bromide (10 

mglml). The gel was stained for 30 miJlutes and then rinsed twice for 15 minutes in 

200 1111 of distilled water. The I % gel did not require staining since the ethidiul11 

bromide was addcd to the agarose. Gels were then photographed using the Kodak 

digital camera (DCI20). 

3.2.1.2) Double digests of CIGV DNA 

A double digest involves digesting DNA with enzymes in pairs (Smith & Crook, 

1988). Often di gestion of DNA with single enzymes produced profiles where some of 

the DNA remained unrestricted. To further characterise CIGY and to obtain a more 

reliab le estimate of the molecular weight of the genome, the DNA had to be digested 

to completion by combinations of restri ction enzymes. In such digests the majority of 

the high molecular weight fragments observed in the single digests (whose sizes are 

diff-ieult to calculate) wo uld be cleaved into smaller products (Tweenten el ai, 1985). 

Information obtained from the double digests is also essential for the construction of 

the pbysicalmaps for each enzyme. 

Digests were perfol111ed under the same conditions as the single digests except that 

DNA was di gested using pairs of restri ction enzymes. Some exampl es of pairs used 

were Sacl +KpI11 , BamH1+Sac1, Sacl +Xho I and BamH I +X7/O I. Each combination of 

enzymes had a common restriction enzyme buffer. The digests were set up as follows: 

800 ng CIGV DNA 

2 ILl Restriction enzyme 1 (20 units) 

2 ILl Restriction enzyme 2 (20 units) 

15 J.l.l Buffer (10 x) 

~ di stilled water 

150 ILl 

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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resolving thc large fj'agmcnts had to be stained as was done previously. All gels were 

then photographed using the digital camera (Kodak DCI20). 

3.2.1 .3) The comparison of RE profiles - CIGV-SA and CIGV -CV3 

Restriction enzyme profiles from different isolates re fl ect if the isolates are distantly 

or close ly related. Simil arities between pro fil es from different iso lates can also be 

used to subtype valiants into groupings that reflect their geographical origins (Crook, 

1985, 1986). A comparison between the C1GV-SA and CIGV -CV3 was made using 

restriction endonucleases to investigate how similar the two iso lates are, as the 

clearest distinction between isolates is achieved by analysing their DNA with 

restri ction enzymes (Crook, 1(81). This stuci y is necessary to assess the relatedness of 

the two isolates. A more precise way of relating these two iso lates would also be to 

construct physica l maps fo r a number of restriction enzymes (Possee & Kelly, 1(88). 

CIGV D A was extracted for both isolates and digested with enzymes BamH 1, 

EcoRI , Kf?lll , Sacl and XlIO J. Fragments were then electrophoresed on a 1 % TAE 

gel, which was then stai ned with ethidium bromide (10 mg/ml). The same conditions 

for stain ing wcre used as for the single and double digests. The restriction digests of 

both virus genomes were run simultaneously to highlight the variation as suggested by 

Possce & Kelly (1988). The digests were set up Llsing the same protocol that was used 

fo r the sing le enzyme digests . 

3.2.2) Results 

3.2./. I) Sin gle enzyme digests 

The restriction enzyme profiles of CIGV -SA DNA digested with enzymes are 

presented in Figs. 13 & 14. The resol utions of the large fi'agments are presented in 

Fig. IJ and the small fi'agll1ents in Fig. 14. Results are also presented in Table 4. 
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(A) 

2 3 4 5 

I - )J Hind III marker 
2 . t.. Mix 19 marker 
3 - BamHI digest 
4 -EcoRI digest 
5 -Kpn I digest 
6 . Xho I digest 
7 . Sac I digest 

(B) 

I - )J BstE II marker 
2 . )J Hind III marker 
3 -Kpn I digest 
4 -Sac I digest 
5 - Xho I digest 

Figure 13: (A) Restriction enzyme profiles of large fragments of CIGV·SA DNA 

digested with EcoRI, Kpnl , Sac!, BamHI &Xhol on a 0.7 % agarose gel. (B) Shows 

the improved separation of the Sac! fragments. Molecular weight markers )J Hind III, 

)JBstE II and t.. Mix I 9 (Table 6) were included. 

All the large fragments from each RE digest of ClGV DNA could be visualised. A 

good separation of these fragments occurred on the 0.7 % agarose gels, but digests 

were also run on I % agarose gels in order to resolve smaller fragments. 
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I - )J BstE II marker 
2 & 4 - BamHI digest 
4 & 5 - EcoRI digest 

1-)JPstl marker 
2 - EcoRI digest 
3 - Kpn I digest 
4 - Xho 1 digest 

1 - )J BstE II marker 
2 -BamHI digest 
3 - EcoRI digest 
4 - Kpnl digest 
5 - Xho 1 digest 



Figure 14: The small fragments of ClOY-SA DNA digested with EcaRl , Kpnl, 

BamHl & Xhal resolved on 1 % agarose gels. Markers AlPstl and AlBstE IT are 

included for the calculation of molecular weights of the fragments (Table 6) . Different 

gels are shown since optimum separation was not obtained on a single gel. 

3.2.2.2) Double digests ofCIOV DNA 

The very large sized restriction fragments of ClOY -SA were cleaved into smaller 

products using double digests. From these double digests an accurate estimation of the 

genome size ofCIOV could be made. Digests were electrophoresed on both 0.7 and I 

% agarose gels to allow the resolution of all fragments (Figs. 15 & 16). Many 

different combinations of enzymes were used, but for the purposes of mapping the 

ClOY genome BamH1, Kpnl, Sacl and Xhal were used in combinations. A good 

separation of the large fragments (Fig. 15) as well as the small fragments (Fig. 16) 

was obtained. 

1 2 3 4 5 

(A) 
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1 - A. Mix 19 marker 
2 - AlHindITl marker 
3 - BamHlISac! digest 
4 - BamHlIXha 1 digest 
5 - Kpnll Sac! digest 
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,"__ ____ ---1 (B) 

1 - IJBstE II marker 
2 -IJHindIll marker 
3 - BamHI ISac 1 digest 
4 - Kpn I I Sac 1 digest 
5 - Xho 1 I Sac! digest 
6- Xhol l BamHI digest 

Figure 15: Electrophoresis oflarge fragments on 0.7 % agarose gels after digestion of 

CIGV -SA DNA with pairs of restriction endonuc1eases. Different gels are shown in 

(A) and (B), as optirmun separation of all fragments on a single gel was not obtained. 

2 345 
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I - IJBstE II marker 
2- BamHlISacl digest 
3 - Kpn I I Sac 1 digest 
4-- Xho 1 I Sac1 digest 
5 - Xho I I BamHl digest 

(A) 



2 3 4 

(8) 

I - AI BslE II marker 
2 - Ball/HI /Sac l digest 
3- BamHlI Xhol digest 
4 - Kpill / Sac I digest 

Figure 16: Agarose gel electrophoresis of small fragments on I % agarose gels after 

double digestion of CIGV -SA DNA. (A) & (8) are shown since optimum separation 

of fi"agments were not achieved 011 a single gel. 

3.2.2.3) The comparison of CIGV -SA with the Cape Verde iso late of C IGV -CV3 

. The RE digests of both CIGV -S and CIGV -CV3 were done using five restriction 

enzymes BamHI , EcoR I , Kpnl, Sacl and Xh ol. The digests were run alongside one 

another on a I % agarose gel (Fig. 17). A comparative sketch was made of the RE 

profiles of the two isolates (Fig. 18). It can be noted that for all five enzymes there 

are differences between the C IGV-SA and CIGV-CV3 iso lates in tbeir RE profiles. 

Arrows point to fragments that are presen t in the SA isolate but are absent in the Cape 

Verde isolate (Fig. 18). 
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2 3 4 5 6 7 8 9 10 11 12 

Submolar 
band 

I - SNBamHI digest 
2 -CV3IBamHl digest 
3 - SNEcoRI digest 
4 - CV3/EcoRI digest 
5 - SN Kpn I digest 
6 - CV3/Kpnl digest 
7 - SNSacl digest 
8 - CV3/Sacl digest 
9 - SNXho I digest 
10 - CV3/Xho] digest 
11 -)J Hind III marker 
12 - I kb ladder maker 

Figure 17: Electrophoresis on a I % agarose gel ofCIOV-SA DNA and CIOV-CV3 

DNA after digestion with restriction endonucleases. A I kb ladder was used as a 

molecular weight marker. 

Figure 18: Diagram of CIOV DNA restriction fragment profiles produced as 

described in Fig. 17. This diagram is directly comparable to Fig. 17 with arrows 

indicating fragments that are present in the ClOY -SA digests but not in the ClOV­

CV3 digests. Distances are not to scale. 
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For the EcoRI digest, there were many fragments that were present in the digests of 

the C1GY-SA isolate that were absent in the C1GY-CV3 isolate. These include 

fragments A, B, D, F, K, M, 0, R, S, T, U &V (Table 4). However there were too 

many fragments to represent diagrammatically. 

3.2.3) Discussion 

3.2.3.1) Single enzyme digests ofC1GV DNA 

C1GV DNA was initially digested with 10 restriction enzymes to produce RE profiles. 

Five enzymes namely BamHl, EcoRl, Kpnl, Sac1 and )(hal, were selected to be 

used for the construction of physical maps. It was not possible to resolve all the 

fragments on single gel, therefore the best resolution of fragments larger than 3000 bp 

was obtained on a 0.7 % gel whereas fragments less than 2500 bp are most clear on a 

1 % gel (Farrell, 1993). The digests using these five enzymes were therefore 

electrophoresed on 1 and 0.7 % gels. This was necessary so that all their fragments 

could be seen, for the calculation of the genome size (Figs. 13 & 14). 

In the Xho 1 digest a submolar band was present (Fig. 17), indicating the presence of 

genotypic heterogeneity. No other submolar bands were present in any of the other 

digests. Smith & Crook (1988) suggest that genotypic heterogeneity within a 

baculoviral population is typically indicated by the presence of submolar bands in RE 

profiles and it appears to be widespread among field isolates of granuloviruses. Most 
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baculovirses are a mixture of genotypes but it would be desirab le to work with a 

cloned strain to eliminate vari ab ility (Crook el aI, 1997). The digests were done 

several times to optimise conditions. The gel photographs in Figs . 13 & 14 showed a 

good resolu tion of all the CIGY lhgments. TIle molecular weight markers rlln on all 

ge ls enab led the calcul atio n of each fragments size (discussed later in the chapter). 

Each fragment was assigned a letter alphabetically, with A the largest fragment 

(presented later in the chap ter). 

The enzyme EcoR I posed a problem slllce it was unab le to restrict the DNA 

reproducib ly, possibly due to a contaminant present in tbe DNA that inhibited the 

restriction enzyme. The DNA was subj ected to another purification step us ing the 

Genomic tips (Qiagen). The enzyme was then able to successfull y restrict the CIGY 

DNA. The sizes of some of the large fragments could not be estimated accuratel y and 

the intensity of some bands indicated that there mi ght be two fragments of similar size 

present, therefore it was decided that double digests would be do ne. 

3.2.3.2) Double di gests ofCIGY DNA 

To extend the restriction enzyme data the C IGY DNA was digested with a 

combination of enzymes. This information would be useful for the construction of 

physica l maps for each enzyme (using the single and double digest information) and 

for the cal culation of genome size (since large o'agm ents would be di gested into 

smaller ones). 

rour pairs of restri ction enzymes were used to restrict the C IGY DNA. The profiles 

produced are presented in Figs. 15 & 16. Each fragment was lettered alphabeti ca ll y 

(in lower case) and the s ize of each of these fragments was calculated. For a circular 

genome the number o f fj'agments generated in the double digests must be equal to the 

tota l number of fragments present in both single digests of the restri ction enzymes 

used. The summation of the molecul ar weights of fragments produced from the 

digests gives a total genome size (Gettig & MaCarthy, 1982). The ca lcul at ion of the 

size of the C IGY genome using this data will be presented later in this chapter. 

58 



3.2.3.3) The comparison of RE profiles - CIGY -SA and CIGY-CY3 

Both isolates of CIGY showed their own distincti ve restriction enzyme profiles. The 

differences in their profiles are due to the addition or loss of restriction si tes or the 

insertion or deletion of ON A (Goto 1'1 ai, 1992), e.g. a single fj·agment can resu lt from 

the loss of the restriction site between two adjacent fragmeLlts, or two fragments can 

result from the acquisition of a site in a single fragment. These types of changes are 

common in GY variants (Smi th & Crook, 1988). Similarities between CIGY-S A and 

ClGY-CY3 were noted by the presence of identically sized fragm ents in thei r digests. 

However for each enzyme, their profiles differed in the number and position of 

restric ti on enzyme sites. For examp le, the largest fragment generated by an EcoR 1 

digest ofCIGY-CY3 is 17.0 kbp, but this fragment was abseLlt in the CIGY-SA profile 

due to a site being lost on the genome (Fig. 17). Other differences included the 

presence of 4 fragments in the Sacl digest of CIGY-SA while the CIGY-CY3 digest 

only had 3 fragments (Fig. 17). The BomH I digest of CIGV-SA had 9 fragments as 

opposed to the 11 fj·agments in the CIGY-CY3 digest wi th BamHI (Fig. 17). ln the 

Kpn I pro fil e, fragments sized 22.2 kbp and 11.8 kbp were present in the CIGY -SA 

profi le but absent in the CIGY-CY3 profi le (Fig. 17). 

The differences between CIGY-SA and CIGY-CY3 are further highlighted in the 

construction of the physical maps (d iscussed in Chapter 4). T he literature suggests 

that relatedness between iso lates correlates to geographical origin. These results 

illustrate that the isolate of CIGY found in South Africa is distinct from the isolate 

found in the Cape Verde is lands. 

3.3) T HE CALCULATION OFTHE CIGV-SA GENOME SJZE 

The size of a genome can be estimated by a summation of the sizes of the fragments 

generated by each restricti on endonuclease (Goto et ai, 1992). The sizes of all the 

fragments from both the single and doub le digests were calculated by comparison 

wi lh the sizcs of the mo lecular weight markers using the computer program ca lled 

Program Gel (written by John R Tbompson). Sizes o f large fragl11ents were esti mated 

by double d igesls (Jehle & Fritsch, 1992). 
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3.3.1) Materials and methods 

Using the profiles generated from both the single and double restriction enzyme 

digests (Figs. 13-16), the s ize of the CIGV genome was est imated. The total s ize was 

detenll ined by adding the sizes of each individual fragment from a particular digest. A 

common size in kbp had to be detenllined for all digests. 

3.3.2) Results 

Three di fferent molecular weight markers werc run on all the agarose gels to assist in 

calculation of fi'agment sizes. They were 'NBs/E II (fo r small fragments), 'NHind [[I 

(large fragments) and A Mix 19 (very large Cragments). The sizes of each of these 

marker fi'agments are presented in Table 6. The sizes detennined for all fj'agments 

(both single and double digests) are presented in Tables 4 & 5. 

Table 4: Estimated sizes in kbp of restriction fragments of singly digested CIGY·SA 

DNA. Fragments are labelled in order of decreasing size, A being the largest 

fragment. 

FRAGMENT EcoRI BamH I Kpnl Sacl XII 0 1 

A 9.97 32.00 27.00 33.0 57.50 

B 8.78 24.95 22.20 30.4 23 .50 

C 8.55 1l.50 16.20 27.5 14.50 

D 7.76 9.85 15.00 22.0 12.10 

E 7.60 9.70 11.83 4.65 

F 7.58 7,93 10.00 

G 7.30 7.50 3.30 

H 5.35 6.10 2.30 

I 5.0 2.60 1.90 

J 5.0 1.65 

K 4.68 J.IO 

L 4.53 

M 4.32 

N 4.0 

0 3.94 

P 3.70 
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Q 2.85 

R 2.66 

S 2.39 

T 2.13 

U 1.65 

V 0.92 

W 0.85 

X 0.53 

TOTAL 112.04 112.13 112.48 112.90 112.25 

Table 5: Estimated sizes in kbp of restriction fragments of double digested CIGV-SA 

DNA. Fragments are labe ll ed in order of decreasing size, with a the largest fragment. 

FRAGMENT Kpnl + Sac1 BamH 1 + X/tO 1 BamIl1 +Sac1 Sac1+Xho1 

a 22.0 23.50 22.0 30.4 

b 16.20 12. 12 15.20 19.28 

c 15 .00 11 .50 12.20 16.21 

d 11 .80 9.85 11.52 12.10 

e 10.05 9.70 9.85 9. 11 

f 9.40 8.05 9.70 8. 13 

g 7.76 7.90 7.90 6.48 

h 7.58 7.50 7.50 4.65 

I 3.30 6.00 4.65 3.70 

j 3.00 4.65 4.0 2. 82 

k 2.23 3.40 3.20 

I 1.98 3.13 3.0 

m 1.65 3.05 2.60 

II 0.997 2.60 

0 0.630 

TOTAL 113.52 112.95 113.35 112.88 

61 



Table 6: Sizes of the fi'agments (kbp) of the molecular weight markers used to 

calcu late the sizes of the fi'agments generated from the restriction enzyme digests of 

CIGV DNA. 

FRAGMENTS A Mix 19 AlHiltd III AlBstE lJ 

1 23.894 23.130 8.454 

2 18.397 9.416 5.686 

3 17.053 6.557 4.832 

4 15.004 4.361 4.324 

5 12.220 2.322 3.678 

6 10.086 2.10 2.322 

7 8.8 14 1.929 

8 8.2 17 1.371 

9 1.264 

3.3.3) Discussion 

Ini tiall y standard curves were drawn to calculate genome size, but they proved to be 

very inaccurate. Thc sizes of the large fi'agments could not be accurately determined 

until marker A Mix 19 was used on the agarose gels. This marker has fragments of 

very large sizes , which enab led the sizes of the large CIGV fragments to be 

determined. Program Gel determined sizes using the molecular weights of the marker 

fragments, their distances migrated and the migration distances of the ClGY 

fragments . The total genome size was calculated by adding together individual 

fragment s izes in each di gest and a figure of 112 kbp was calculated for most digests. 

Thus, the size of the CIG\, -SA genome is the same as that of the ClGY -CV3 genome 

(estimated to be 112.4 kbp by Jehle & Fritsch, 1992). 

3.4) PLASMID LIBRARY OFTHE ClG\i-SA GENOME 

A restri ction fragment library representing 9 1 % of the CIGV genome was 

constructed. EcoRI and Ballil-il fragments were c loned into pBluesc ript II S]( (+) 

plasmid vector. Cloning was carried out with digests of genomic DNA that had been 

cut with these enzymes or with individual bands that had been cut from gels in the 

case of the larger fragments. The cloned insel1s were identified by their 
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electrophoretic mobi lity and by Southe111 blot hybridisations. I-Iybridisations of 

labe lled c loned plasmids to Southern blots of viral DNA fragments can con firm the 

viral origin of the inserts (Goto el ai, 1992). The construction in plasmids of a 

restriction fragment library of the CIGV-SA genome and the construction of physica l 

maps for several restriction endonucleases are essential for further experiments. The 

library should ideally overlap and cover the entire genome (Crook et ai, 1997). For 

most purposes it is useful to have a set of clones that cover most of the genome. These 

libraries are useful to lise for the detection and location of essential genes in the 

genome, e.g. the egl and granulin genes. Crook et al (\993) used such a library to 

locate the iap gene in the CpGV genome. Plasmid DNAs were used as probes and 

hybridised to vi ral DNA fi'agments that had been digested with the same restriction 

enl.ymcs used for cloning and then elec trophoresed on agarose gels. The separated 

DNA fragments were Southem transferred to nitocellulose fi lters and hybridised wi th 

probes of cloned plasmid DNA labelled with a radioacti ve or non-radioactive label. 

3.4.1) Materials and methods 

A library of CIGV -SA D A fragments was const ructed by ligating restricted vi ral 

DNA fragments into pBluescript SK (+) plasmid vec tor (Appendi x 2) using T4 DNA 

ligase (Roche) . Recombinant plas111ids were cloned and propagated in E.coli DH5a 

cell s and purified by alka line lysis (Sambrook et ai, 1989). 

DIGESTION OF CIGV DNA BY EcoRl and BamH I 

The digest was set up as follows: x III DNA (800 ng) 

2 III EcoR I / BamHI (20 units) 

2 III Buffer H IB (10 x) 

x III ddd water 

20 III 

The digest was incubated at 37°C for 2 hou rs. and then electrophoresed on a 0.7 % 

TAE agarose gel to confirm digestion of the CIGV DNA. 

PREPARATION OF pBLUESCRJPT SK (+) VECTOR FOR LIGATION 

The vector was linearsised with enzyme as follows : 
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7,u1 Vector (pBSK+) (5 ,ug) (S tratagene) 

l,ul EcoRl l BamH I (20 uni ts) 

10,ul lOx Buffer H/B 

82 /.II ddd water 

100 ,ul 

The digest was incubated at 37°C for 2 hours. The enz.ymes were inactivated by 

incubating the digest at 65°C for IS minutes, wh ich was electrophoresed on a I % gel 

(100 V for I hour) to conllml that the plasmid had linearised. Once linear, the plasmid 

was dephosphorylated. 

DEPHOSPHORYLATION OF VECTOR 

This was perfomled as follows: 45,u1 vector (pBSK+) (5,ug) (Stratagene) 

51.d Shrimp alkaline phosphatase (Roche) (5U) 

l,ul lOx dephosphorylation buffer 

The mi xture was incubated at 37°C for 1 hour. The enzyme was then inactivated by 

incubating the reaction at 65°C for 15 minutes. 

L1GA nON OF EcoRI FRAGMENTS INTO PLASMID VECTOR 

Using Roche reagents, the ligation reaction was set up as follows: 

l,ul ATP(lOmM) 

l,ul pBSK+ vector (dephosphorylated) (Stratagene) 

6,u1 Insert D A (CIGV digested with EcoRl lBamHl) 

0.5,u1 T4 DNA ligase (1 U) (Roche) 

l.ill l Ox li gation buffer (Roche) 

9.51·d 

The ligation was incubated at 4°C ovel11ight. One of the controls for the ligation 

experiment did not contain CIGV DNA, and the second contro l used vector that had 

not been dephosphorylated. 

TRANSFORMATION OF RECOMBINANTS INTO E. coli CELLS 

The ligation mix was tranSf0ll11ed into E.coli DH5a cell s using electroporat ion or heat 

shock. Refer 10 Appendix 2 for the protocols used. Transfol111ants were grown up 

overnight at 37°C on LB/AMP plates (treated with IPTG and X-gal) and were then 
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screened for white/blue co lonies. When a fo reign gene is inserted into the pBSK +, 

inserti onal inactivation of the lacZ gene occurs, resulting in the growth of white 

colonies. White colonies containing inseli DNA in the plasmid were then subcultured 

for plasmid puri lication. 

PLASMID PURlFlC A TION 

White co lon ies were subcultured overn ight in 5 ml ofLB/AMP broth at 37°C. Firstl y, 

Smart Preps were preformed (re ler to Appendix 2 for the method used) to investi gate 

whether the desired clones were present. If the clone contained an insert, it was 

subcul tured overnight in 5 ml of LB/Ai\llP broth at 37°C and alkali ne lysis was 

performed for plasmid DNA isolation. Refer to Appendix 2 for the protocol. After 

plasmid DNA was iso lated it was digested with either EcoR l or BamH I for 2 hoUl's at 

3rC and these digests were electrophoresed on a I % agarose gel. 

SOUTHERN BLOT ANALYSIS 

To verify if a certain insert had been cloned, the clone was labelled non-radioactively 

with DIG (Roche) . It was then used to probe a Southern blot of all the RE digests of 

CIGY DNA. The protocols used wi ll be di scussed in the next chapter. The detect ion 

occurred on X-ray film via chemiluminescence. The probes bound to particular 

li'agments in each RE digest. One lane of each Southel11 blot contained CIGY -SA 

digested with EcoR 1 to enable identification of the labelled EcoR 1 fragment used as a 

probe. 

3.4.2) Results 

The plasmid vectors were successfully linearised with both enzymes (Fig. 19). EcoRI 

and BamH I diges ts of CIGY were then "shot gun cloned" into the vector, some of 

which are presented in Figs. 20-22. The size of each fragment cloned was detelmined 

using lbe molecul ar weight markers (Table 6) and Program Gel (as donc in 3.3) to 

dctel111ine which fragments had been c loned. A stock was made of each clone in 

glycerol/LB media and they were stored at - 70°C. Streak plates of each clone were 

also made on LB/AMP medium and stored at 4°C. 

65 



1 2 3 4 

I - I kb ladder marker 
2 - undigested pBSK + (2961 bp) 
3 - pBSK + digested with BamHI 
4 - pBSK + digested with EcoRI 

Figure 19: Linearised plasmid pBluescript (SK+) 

pBSK+ 

2961 bp 

2 3 4 5 

I - AlBstE II marker 
2 - EcoRI T inpBSK+ 
3 - EcoRI X in pBSK + 
4 - EcoRI Tin pBSK+ 
5 - EcoRI SinpbSK+ 

Figure 20: Cloning ofEcoRI fragments S, T & X into plasmid vector pBSK +. 

2 3 4 5 6 7 8 9 10 J 1 12 

"--.it.- _ - _ _ ----

. 
...... pBSK+ 
...., 2961 bp 

I - AlBstE II marker 
2 - EcoRI J in pBSK+ 
3 - EcoRI B in pBSK + 
4 - EcoRI Kin pBSK + 
5 - EcoRI inpBSK+ 
7 - EcoRI 0 inpBSK+ 
9 - EcoRI N in pBSK + 
IO-EcoRI RinpBSK+ 
12 - EcoRI Gin pBSK+ 

Figure 21: Cloning ofEcoRI fragments into plasmid vector pBSK + 
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1 2 3 

pBSK+ 

1 - AlBstE II marker 
2 - BamHl Gin BSK+ 
3 - BamHl FinBSK+ 

Figure 22: Cloning of BamHl fragments G & F into plasmid vector pBSK+ 

Southern blots of ClGV-SA DNA cut with various restriction enzymes were probed 

with labelled EcoRl fragments. Detection was done on X-ray film as seen in Fig. 23 

which illustrates the restriction digests of ClGV -SA and ClGV -CV3 pro bed with 

labelled Eco R 1 fragment S. 

1 2 3 4 5 6 7 8 9 10 

--
-

1 - BamHl I SA digest 
2 - BamH1 /CV3 digest 
3 - EcoRl /SA digest 
4 - EcoRI /CV3 digest 
5 - Kpn liSA digest 
6 - Kpn IICV3 digest 
7 - Sac liSA digest 
8 - Sacl /CV3 digest 
9 - Xho liSA digest 
10 - Xho IICV3 digest 

Figure 23: Southern Blot of RE digests of ClGV-SA DNA probed with labelled 

EcoRl S. The signal indicates the RE fragment in each digest containing the 

sequences homologous to fragment S. The identity of labelled fragment S was 

confirmed since the probe bound to fragment S in the EcoRI digest (Fig. 20). Refer to 

Table 9 for the EcoRI probes that were used. 
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Table 7 li sts all the fragments from the EcoRl and BamHl digests that were 

successfull y cloned into the plasmid vector. Cloned fragments are indicated by an 

(*). 

Table 7: Fragments of CIGV-SA digested with EcoRl and BomH I that have been 

cloned into plasmid vector pBluescript SK (+) . 

FRAGMENT EcoRl (kbp) Balli H J 

(kbp) 

A 9.97 32.00 

B 8.73' 24.95 

C 8.55* 11 .50 

D 7.76* 9.95 

E 7.60' 9.70 

F 7.58' 7,93' 

G 7.30* 7.50* 

H 5.35' 6.10 ' 

I 5.0' 2.60 ' 

J 5.0" 

K 4.65' 

L 4.53* 

M 4.32 ' 

N 4.0 ' 

0 3.94' 

P 3.70* 

Q 2.85' 

R 2.66' 

S 2.39' 

T 2.13 ~ 

( I 1.65' 

V 0.92* 

W 0.85* 

X 0.53 *-

TOTAL 112.04 112.13 
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Figu re 24: Di agram illustrating the different regions of the CIGV genome that have 

been cloned into plasmids for the construction of a plasmid library. 

115 19.2 28.9 

zI. '2 

3.4.3) Discussion 

37 .6 47 55.0 

Red bar - lIncioned fmR I 
region 
Blue bar · cloned BamH 1 
fragmenls 

ClOY 11 2 kbp 

91 % of the CIGV genome was cloned into plasmid vectors. The uncloned region 

ex tended ii'om 1--10 kbp (Fig. 24). The reason for thi s region not be ing cloned is its 

large size and the lack of other rest1iction enzyme sites in this region. For this 

particular region. the smallest EcoRl fragment was 10 kbp, whi ch could not be 

successfully cloned into pBluescript despite numeroLis attempts. 23 out of the 24 

EcoRl fragments and 4 ou t of the 9 BamH I fragments were c loned, produci ng a 

plasmid library that did overl ap in certain regions. The remaining BllmH I fragments 

could not be cloned due to their large s izes. The other enzymes used also prod uced 

many fragments of large sizes, which were not sui table for constructing a li brary. 

The cloned fragments were authenticated by determining their Sizes. This was 

achieved by calculating the fragment size using Program Gel, which used the sizes of 

the molecular weight marker, their migration distances and the migration di stances of 

the Fragments on the I % agarose gels. Probing of the Southern blots of the RE digests 

of CIGV DNA with certain cloned fragments as probes, enabled the location of these 

fragments to be determined in the CIGV genome as well as veri fyi ng which fragment 

had been labelled (F ig. 23). This techn iq ue therefore had an advantage since the 

physical maps for these enzymcs could be constructed simultaneously. 
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The construct ion of a plasmid library of the genome will be useful since the li brary 

can be used to find the position of essential genes in the genome, e.g. granul in 

(Chapter 5). Another benefit of this library is for sequencing purposes. Sequencing 

wou ld provide the basis for identification of genes involved in the pathology of the 

vi rus (Hashi moto el ai, 2000). If any particular region of the genome needs to be 

sequenced, the fragment is already cloned in a vector, eliminating the cloning step in 

the scquencing process. 
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CHAPTER FOUR: PHYSICAL MAPS OF THE CIGY 

GENOME 

4.1) iNTRODUCTION 

Detailed physical maps of viral genomes are required as a basis for in depth studies on 

the molecular biology of the vi rus (Crook el 01, 1997). Physical maps are largely 

detemlined by rec iprocal digests of viral DNA using restJiction endonucleases and 

using Southern blot analys is of cloned or genomic viral DNA fragments (Hashimoto 

el 01, 1996). These maps can be used to compare different isolates of virus to 

detel111ine the relatedness of the viruses. 

Mapping of resl1'iction enzyme sites in the genome is done by digesting the DNA with 

single enzymes followed by digesting with a second restriction endonuclease. It is not 

necessary to carry out double digests with all possible combinati ons of enzymes. 

These procedures allow the common end fragments in the reciprocal doub le digest to 

be identi fied together wi th the secondary enzyme site present in a pal1icular primary 

digested fragment (Possee & Kelly, 1988). The constmctions of maps are also 

facilitated by using hybridisations to align RE digest products (Hashimoto e/ ai, 

1996). Mapping is also great ly aided by the construction of plasmid libraries of the 

genome (Crook et ill, 1997). 10 instances where ambiguity remains certain fragments 

can be c loned into plasmid vectors. Cloned plasmid DNAs are used as probes in 

hybridisation experiments where the position of a fragment in the genome is largely 

determined by the location that the probe binds to in a Southern blot of the viral DNA 

(Crook e l ill, 1997). 

Physical maps are generall y linearised for the selected restriction endonuclcases. Each 

cleavage site on the genome is indicated by a verti cal line and as a percentage of the 

genome. A zero point of the map is chosen. Positions of restriction enzyme siles on 

the map are shown in map units . Usi ng single and double digest infollllation and 

hybridisation data, complete physical maps for CIGV-SA were constructed for 

Bi/mH I, EcoR I, KpII I , Sac 1 and Xho I. 
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4.2) MATERJALS AND METHODS 

CIGV·SA DNA was digested with BaIllHI , EcoRI , Kpnl, Sac l and Xho l si ng ly and 

in combinations. Maps for BamHI , Xhol, Kpn l & Sac I were constructed first due to 

the ease of interpreting fewer fragments and a map for EcoRI was constructed later. 

Restriction enzyme digests were perfom1ed as in Chapter 3 and these digests were 

electrophoresed alongside one another on 0.7 % and I % agarose ge ls. The positions 

of fragments could not be determined without ambiguity. Probes of these fi'agments 

were made and their positions 011 the genome were detel111ined using Southern 

blotting analysis. In the Southem blots, CIG Y DNA ITom both the SA and the CV3 

iso lates were restri cted with BamH I , EcoR I , Xho l , Kpn l & Sac I and transferred on to 

a nitroce llulose fil ter. 

4.2.1) Southern blotting of restriction enzyme fragments 

Capillary transfer transfelTed digested CIGV·SA and CIGV·CY3 DNA from all 

agarose ge l to nitrocellulose membranes. The gel was soaked in depurination solut ion 

for 10 minutes with shaking (refer to Appendix 3 for solutions used). The ge l was 

then rinsed in di stilled water, followed by a soak in denaturation sol ution for half an 

hour with gentle shaking. The gel was rinsed agai n in di still ed water and soaked twice 

in neutrali sation so lution for 15 minutes on a rocker. For the transfer to ni trocellulose 

membrane, 6 pieces of What mann paper (3 MM) were cut out with three pieces larger 

than the size of the ge l and three pieces the same size as the gel. The larger filt ers 

were soaked briefly in 20 x sse buffer. To set up the transfer, cling fi lm was placed 

on the bench top with the soaked large fi lters placed on top. The ge l was then placed 

on top of the filters with a piece 01' nitrocellulose (the same size as the ge l) placed 0 11 

top of the ge l. The cling fi lm was wrapped around the edges of the gel. The three 

smaller pi eces of Whatmann paper were then placed on the nitrocellulose followed by 

a wad of paper towel and a weight. This alTangement was left ovemight to allow the 

transfer of the DNA to the nitrocellulose to occur. The next day the apparatlls was 

disassembled and the membrane was allowed to dry at room temperat ure. The gel was 

soaked in eth idium bromide (10 ll1g!ml) for 30 minutes and then photographed to 

ensure that all digested fragments had been transfen'ed to the ni trocel lulose. Once dry 

the DNA was fi xed onto the nitrocellulose membrane by exposure to UV ligh t for 5 

minutes on the transilluminator. The membrane was stored in cling film at 4°C till 

use. 
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4.2.2) Construction of labelled probes using the DIG labelling and detection 

svstem 

A non-radioacti ve label digoxigenin (DIG) was used for the labelling of fragments 

(DIG High Prime DNA Labelling and Detection Starter Kit II, Roche). DIG labelled 

DNA probes werc generated by the random priming (Sambrook !Jl ai, 1989). 

4.7.2.1) Labelling of probes 

The DIG High Plime mix contained digoxigenin-dUTP, Klenow enzyme and the 

buffcr reagents. DNA fragments of at least 100 bp as well as linea ri sed plasmid DNA 

could be labelled. For optimal results the template DNA had to be linearised and for 

Southern blotting the template DNA had to be separated from the vector by agarose 

gel electrophoresis. The protocol was designed for labelling of 3 to 1 0 IJ.g of D A and 

volumes were sca led up for greater concentrations of DNA. The detenllination of 

labelling effici ency was done by a direct detection method, which was explained in 

the instruction manual (DIG instruction manual , 200 I). 

Clones fi'om the plasmid library or restriction fragments cut out of gels were used as 

probes. Fragments were excised from agarose gels using an extraction kit (Nagel -

Macherey, Appendix 3). DNA was extracted from the fragments and then precipitated 

llsing two vol umes of95 % ethanol and 1110lh vo lume 3 M sodium acetate. The DNA 

was incubated at - 20°C for 20 minutes to overnight and then centrif'uged at 13000 g 

for 20 minutes. The DNA pellet was washed with 70 % ethanol and then allowed to 

dry. The DNA was finally resuspended inlTiple distilled water (16 IJ.I) and was ready 

for DIG labellin g. The concentration of the probe to be labelled was determined by 

making a 11100 dilution of the probe and calculating its concentrations using a 

Genequant (Pharamacia Biotech). A sufficient concentration of 0.5 lJ.g/m l was 

required for labelling. The probe was then boiled for 10 minutes and immediately 

cooled on ice for 2 minutes. 4 IJ.I of DIG High Prime Mix was added to the probe and 

labelling OCCUlTed overnight at 37°C for 20 hours. DIG labelling was ended by adding 

2 It! of 0.2 M EDTA (refer to Appendix 3 for solutions made). The probc was stored 

at - 20°C until use. 
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4.2.2.2) Prehybridisation and hybridisation 

Once the probe had been labelled, the blot to be probed was prepared for 

hybridi sation. The hybridisation temperature was calculated, using a formula 

presented in the DIG instl1Jetion manual (page 16), to be 38°C for CIGY-SA DNA. 20 

ml of hyb ridisation buffer (DIG Easy Hyb) was prewarmed to 38"C. The blot was 

placed in the hybridisation bottle with 10 ml of the prehybridisation solution and 

incubated in the hybridisarion oven for I hour. The probe was boiled for 5 minutes 

and cooled on ice for 2 minutes. It was then added to the remaining 10 ml of 

hybridisalion solution. The prehybridisation solution was poured off and the 

hybridisation buffer with probe was added. This was incubated overnight at 38"C, 

with agitation. 

4.2.2.3) Washes 

The blot was washed twice in ample 2 x SSC, 0.1 % SDS at room temperature with 

agitation for 5 minutes. Thereafter the blot was washed twice for 15 minutes in 0.5 x 

SSC, 0. 1 % SDS at 65"C with agitation (in the bybridisation oven). The 0.5 x SSC 

solution had to be prewall11ed to 65°C overnight. 

4.2.2.4) Il1lmunological detection 

The hybridised probes were imlllunodetected with an alkaline phosphatase-label led 

anti-digoxigcnill and then visuali sed with chemiluminescence substrate, CSPD. The 

enzymatic dephosphorylation of CSPD by alkaline phosphatase led to ligh t emmision 

which was recorded on X-ray film (DIG instruction manual, 2001). 

All incubations were perfolll1ed at room temperature with agitation. The blot was 

washed for 5 minutes in washing buffer with agitation. It was then incubated in 801111 

blocking so lution (freshly Illade up) for 30 minutes at room temperatu re. Next the blot 

was incubated in 20 ml of freshly made anti -DIG solution for 30 minutes. The blot 

was then washed twice in 100 ml of washing buffer for 15 minutes. A five minute 

incubation in 20 1111 Detection buffer followed . Thereafter the blot was transferred to a 

piece of cling film and I ml of read y-to-use CSPD reagent was added. The cling film 

was wrapped around the blot and it was allowed to incubate for 5 minutes. The excess 

CSPD was squeezed out and the blot was dried at 37"C for 10 minutes (to enhance the 

chemiluminescence). The blot was then placed into an autoradiography cassette and 
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covered v;ilh X-ray film . This was incubated for 15-25 minutes depending on the 

concentration of the probe. After the incubation, the X-ray film was developed as 

fol lows: 1 minute in developer, 30 seconds in 2 % acetic acid and 3 minutes in fixer. 

The film was washed in water for 30 minutes and then hung up to dry. Refer to 

Appendix 3 for the so lutions used. 

4.2 .2.5) Stripping of blots 

To strip the bioI for re-probing, it was washed in distilled water fo r I minute. Then it 

was incubated in 50 ml of stIipping solution (Appendix 3) at 37°C tw ice for 15 

minutes. After stripping the blot was stored in 2 x sse buffer at 4°C (until probed 

again). 

4.3) RESULTS 

Preliminary physical maps fo r the five restriction enzymes selected were constructed 

llsing the singl e and double digest information presented in Figs. 13-16 in Chapter 3. 

The sizes of all the restriction enzyme fragments generated are presented in Tables 4 

and 5 in Chapter 3. To enable direct comparisons between the single and double 

enzyme digests of CIGV DNA, RE digests were electrophoresed alo ngside one 

another on agarose gels. Fig. 25 presents two such gels where CIGV -SA DNA was 

digested with Ball/HI, BamHl +Xho l , Xhol , SClcl-tXhol, Sacl, SClc l +BamH 1 and 

Sac l, Sac l+ KpI11, Kplii. These gels allowed di rect comparisons to be made; to 

dete1l11ine where new RE sites had been created and which RE sites remained . 
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2 3 4 5 6 

--

7 8 

-

(A) 

2 3 4 5 

(B) 

I - A. Mix 19 marker 
2 - )JHindIll marker 
3 - Sacl / - Xhol digest 
4- Sacl digest 
5- Sacl / BamHI digest 
6- BamHI digest 
7-Xholl BamHI digest 
8- Xho 1 digest 

1 - )J Hind III marker 
2 - A. Mix 19 marker 
3 - Sac I digest 
4-Sacl /Kpnl digest 
5 - Kpnl digest 

Figure 25 (A) & (B): Restriction enzyme profiles of single and double digests of 

CIGV-SA DNA electrophoresed on 0.7 % agarose gels with )JHind III and A. Mix 19 

used as molecular weight standards. Dots indicate bands occurring in both the single 

and double digests. 
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Usi ng thi s data, mapping of fi'agments in a circular genome was done using the two 

assumptions: 

I) Fragments from a single digest which were still present after a double digest, did 

not contain a restriction site for the secondary enzyme. 

2) Given that DNA was circu lar, the total number of fragments produced from two 

single digests had to equal to the number of fragmen ts from the equ ivalent double 

digests. 

TabJes were constructed using the single and double enzyme digest in formation and 

physical maps were drawn using this data (Appendix 3), 

Preliminary phys ical maps were drawn using the digest infOlmation, but the positions 

of certain fragments in the genome remained ambiguous. These fragments wel'e 

labelled with DIG and used to probe Southern blots of the restricted CIGY DNA, The 

positions of these fragments in the CIGY -SA genome were largely determined by 

identifying the fj'agments to which the probe hybridised in Southern blotting of the 

CIGV-CV3 genome, for which Jehle & Fritsch (1992) had constructed physical maps 

for the same restriction enzymes. If a probe hybridised to a particular fi'agmenl in the 

CIGY -CY3 genome, then that fragment was placed in the same position in the CIGY­

SA genome. Of the 22 blots performed two examples are presented in Figs. 26 and 27. 

In Fig. 26 the position of fragment A of CIGV-SAlBamHI in the genome was 

investi gated. The probe (D IG labelled Band-II fragment A) hybridised to Barl/H I A, 

X1Io I D, Xhol E and Sacl D in the CIGY-SA genome. In the CIGV-CY3 digest by 

Bam H I , the probe hybridised to fragment A, whi ch suggested that BamHI A fi'om the 

SA isolate lay at the same map position as BamH 1 A in the CY3 isolate. In Fig. 27 the 

position of fragm ent A of CIGV-SAIKpn was investigated. The results showed that 

the fragment hybridised to BamHI C, Sacl D, XI101 A and Kpnl A in the CIGV-SA 

genome. The fi'agment also hybridised to Kpn I B in CIGV -CY3 digest suggesting that 

this fragment lay at the same map position as CIGY -CV3 Kpnl B. Table 8 presents 

the hybridisation data obtail1ed from the probing using different labelled fragments. 

Using all the above info rmation, physical maps were constructed fo r the restriction 

enzymes 13am H I, Kplll, X110 I and Sac I (Fig. 28) . 
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PROBES 

Kpnl E 

Xho! B 

BamH!D 

BamHIF 

Xho! C 

Kpnl B 

BamH IE 

BamH l B 

Sac! D 

BamH I A 

KpnJ A 

Table 8: CIGV -SA fragments labelled as probes that hybrid ised to rest riction 
fragm ents ofCIGV-SA and CIGV-CV3 

SA CV3 SA CV3 SA CV3 SA 

BamHI BamHI EcoRI EcoRl Kpltl Kplll SacJ 

C - A, (B) A E A -

B A C,D,E - D B -

D - E - B, C - C 

F D - C B, (A) - A 

A - B, C - A B -

B B C, D,E B B C C 

E C B,C C C A B 

B B - - A,F E A 

A A - - A B D 

A A - - F B,E D 

C J,H - - A B D 

CV3 SA CV3 

SacJ Xhol Xhol 

- A C,B 

- B A 

C A -

- A B, (C) 

- C -

C B A 

B A B 

A B,C A 

- D E 

A D E 

A A -



I 2 3 4 5 6 7 8 9 10 

I - SNBamHI digest 
2 -CV3IBamHI digest - 3 - SNEcoRI digest 

• 4 - CV31EcoRI digest 
5 - SNKpnl digest .. 6 - CV31Kpni digest 
7 - SNSac I digest 
8 - CV3/Sac I digest 
9 - SNXho I digest 

• 10 - CV31 Xho I digest 

Figure 26: Hybridisation of DIG labelled fragment A of ClGV-SAlBamHl ill a 

Southern blot of restricted ClGV-SA and ClGV-CV3 DNA. 

2 3 4 5 6 7 8 9 10 

-
• 

I - SNBamHl digest 
2 -CV3/BamHl digest 
3 - SAiEcoRI digest 
4 - CV31EcoR I digest 
5 - SN Kpn I digest 
6 - CV31Kpni digest 
7 - SNSoc 1 digest 
8 - CV3/Sacl digest 
9 - SNXho 1 digest 
10 - CV31 Xho 1 digest 

Figure 27: Hybridisation of DIG labelled fragment A of ClGV-SNKpnl in a 

Southern blot of restricted ClGV-SA and ClGV-CV3 DNA. 
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PHYSICAL MAPS OF THE ClGV-SA GENOME -legend overleaf 
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Figure 28 : Physica l maps o f CIOV -SA DNA for BamH I , Kpnl , Xho I and Sac l. The 

circular genome was lineari scd. A vertical line indicated each cleavage s ite and the 

position ofRE sites on the map are shown in map units . 

A more extensive map was constructed for CIOV -SA EcoR I since there were 24 

restri ct ion em:yme fi·agments. Such a map wou ld aid in the sequencing of the genome 

and in detai led comparative analyses of CIOV-SA to other baculoviruses 

(WOJ1l1 leaton & Winstanely, 2001). Certain EcoR I fragments were placed into 

position by vi rtue of being identical in size to the CV3 EcoR I fragments. The 

remainder of the fragments were mapped by labelling them with 010 and using them 

to probe the Sou thern blots of restricted CIOV DNA. These fragments were obtained 

from the plasmid library of EcoRI fragments (refer to Chapter 3). The fragments that 

hybridised to the probe were recorded and from this an estimate of the position of the 

fragment was made. The data obtained from these hybridisatioll experiments is 

presented in Table 9. Us ing thi s information a physical map for EcoRl was 

constructed (Fig. 29). 

The zero point of each map was assigned as the smallest fragment that contained the 

granulin gene. The position of the gene in the genome was located by labelling a 

fragment of the gene obtained by PCR with DiG and using it to probe the Southem 

blots (to be discussed in Chapter 5). The smallest fi'agment in each digest contain ing 

the gene was assigned to the zero point or fi rst fragmen t in the linear map. 
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Table 9: Hybridisation data generated for the EcoR I physical map 

PROBES SA CV3 SA CV3 SA CV3 SA CV3 SA CV3 

BalllHI BamHI EcoRI EcoRI Kp1l1 Kplll Sac1 Sac1 X/wI Xhol 

EcoRI S A A S P D - - A E, C A,F 

EcoR I V - - V - C, (E) A B,C - A B 

EcoR l P - - P N B C C C A B 

EcoRI M E,G F, C M H - A B B A C 

EcoRI A C J, H A A C A - - A -

EcoRI D - - D - B - A - A -

EcoRl B B 8 B B D D - B C A 

EcoRl Q a,E C Q A,H E A B B A 8 

EcoRI E A,B E, A E 8 , 0 D D, E - - B A 

EcoRlO C H, F 0 E E A B B A C 

EcoR l R A A R 0 - - A A B A 
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Figure 29: EcoRl PHYSICAL MAPS OF THE CIGV-SA & CIGV-CV3 GENOMES 
Differences are indicated by arrows 
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The physical maps of the South African and the Cape Verde isolates were aligned for 

compaJison (Fig. 30). 

4.4) DISCUSSION 

Using the information from the single and double digests of CIGV -SA preliminary 

maps were constructed for BamHI, Kpnl, Sacl andXho1. By analysing the restriction 

enzyme profiles produced, certain deductions could be made. By comparing theXho1. 

XlIOI IBamH I and BamHI digests, it could be determined that fragment Xhol B did 

not contain a BamH I site since the fragment was still present in the double digest of 

Xhol with BamH I.The same could be app lied for fragment Xhol E. However 

fragment XlIO I A did possess a BamHI site since this fragment was lost in the double 

digest with BamH I. From the double digests it could be deduced that fragment Xl10 I 

A was cleaved by BamH I into fragments c, d, e, g, h, m, n, I, and k in the double 

digest (Table 18 and Fig. 51). Using these principles, fragments from each restriction 

enzyme digest were mapped. 

To gain more information about the position of fi'agments relative to each other 

certain specific bands were used as probes in Southern blot analysis of singly digested 

SA and CV3 DNA. Tbese results helped confirm the positions of the fi'agments in the 

physical maps. All the data produced frolll the digests and hybridisations were 

incorporated to construct maps of overlapping fragments, which agreed with every 

hybridisation and double digest fragment size. The map for EcoR I was far more 

difficult to construct since 24 fragments were produced. For tlus reason, most of the 

EcoR I fi 'agments were mapped using labelled probes in Southern blot analysis. 

Double digests with EcoR I and another restriction enzyme were not attempted since 

too many fi'agments wou ld have been produced. 

The physical maps for the restriction enzymes BamHI , Kpn l , Sacl , EcoRI and Xho l 

for the South African and the Cape Verde iso lates of CIGV, were aligned (Fig. 30). 

This alignment of maps further high lighted the differences between the two iso lates. 
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Although the ClGV D A is circular, the map was lineari sed for clarity. The start of 

the Illap was des ignated as the smallest fragment containing the granulin gene. The 

physica l maps produced in Fig. 28 thus highlight the positions of all the RE fragments 

for the five restriction enzymes. 
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CHAPTER FIVE: THE IDENTIFICATION AND 

CHARACTERlSA TION OF THE GRANULlN AND egt 

GENES 

5.1) INTRODUCTION 

The widespread commercial use of baculoviruses is limited because these viruses take 

4 to 14 days to ki ll their insect hosts. During this time, serious damage to crops 

occurs. Genetic engineering of baculoviruses can result in an improvement in the 

viruses as pesticides. A variety of strategies ranging from the deletion of genes (which 

nonnally function to extend the life span of the infected insect) to the inseliion of 

foreign genes (whose expression interferes with critical aspects of the hosts 

physiology), will result in the virus being able to kill the target host insect faster, 

cause an arrest in feeding or result in death of the insect (Chen et ai, 2000). 

In order to manipUlate granu loviruses, essential genes need to be iso lated and 

identified within the genome. Two genes of importance are granulin and egt. The 

granulin gene is highly conserved \ 'ithin granu loviruses and is closely related to 

polyhedrin of the nucleopolyhedroviruses. It is the major component of the protei n 

capsule occluding the virion. Granulin is produced in large amounts late in the 

infectious cycle and it stabilises the virion allowing it to remain infectious in the 

environment for many years (Akiyoshi et ai, 1985). The gene locus has received 

considerable attention because it can be replaced by foreign genes, which are then 

expressed at high levels in infected larvae (Jehle & Backhaus, 1994) . The gene 

possesses a strong promoter, which can be linked to a foreign gene to ensure abundant 

expression (Eldridge et ai, 1992). 

The egl gene blocks the ability of the insect to moult and is a unique example of the 

evolution of an insect virus to allow control of the infected host at the organismal 

level (O ' Reilly & Mill er, 1990). The egl genes encode ecdysteroid UDP­

glucotransferase enzyme that belongs to the UDP-glucosyltransferase super family. 

These transferases conjugate small lipophilic compounds with variolls sllgars. egt is 

secreted into the insects haemolymph and it catalyses the conjugation of ecdysteroids, 

the insects moulting homlone, with the sugar moiety donated from the UDP- glucose 
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or UDP-galactose. This inactivates the moulting hormone and thereby prevents 

moulting and pupation. Larvae die in the instar in which they were infected 

(Wormleaton & Winstanely, 200 I). Insects infected with recombinant viIl.lses lacking 

the egt gene feed less and die more rapidly (Ban'elt ei at, 1995). The alteration of egr 

expression by deletion or inactivation may provide a more effective insecticide for 

biological control , where the virus causes earli er m01iality, reduced feeding and a 

decreased amount of progeny virus is produced (Riegel et at, 1994). 

In Chapter 5 the granulin and egt genes are identified in the CIGY -SA isolate. This 

in volved iso lating both genes, identi fying their positions in the genome, sequencing 

them and compaling the genes with other granu lovirus granulin and egt genes. 

5.2) MA TERJALS AND METHODS 

5.2.1) GranuJin 

5.2.1 .1) The isolation of the granu lin gene fro 111 the CIGY-SA genome 

The granulin gene was ampli fied using polymerase chain reaction (PCR). Primers 

were designed by B.Spillings (2000) and were used to amplify a product of 

approxil11ately 747 bp. Refer to Appendix 4 for the PCR reaction and themlocycler 

settings. 

5.2.1 .2) The identification of the granulin gene in the CIGY-SA genome 

The position of the granulin gene was detellllined by probing a Southern blot of 

restricted CIGY DNA with a labelled granul in DNA probe. Granulin DNA was 

purified from the PCR reaction using the QIAquick PCR purification kit (Qiagen) 

(Appendix 4). Once purified, the concentration of DNA was determined using a 

Genequant (Phannacia Biotech), as in Chapter 2. The DNA was then labelled with 

non-rad ioactive DIG (Roche) . The hybridisation and detection of granulin was 

performed using the DlG protocol, discll ssed in Chapter 4. The gene was detected by 

autoradiography and its position in the CIGY genome identified. 
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5.2.1.3) Sequencing of the granulin gene 

The sequencing of the granulin gene was performed at Horticulture Research 

Intemational (J-IRI, UK). Sequencing reactions using ABI Prism BigDye Telmioator 

Cycle Sequencing Ready Reaction Kit (Perkin-Elmer Applied Biosystems) were set 

lip as follows: 

(1) 

(2) 

1.0 ILl 3.2 pmol Forward plimer 

1.5 ILl CIGV DNA (40 ng) 

li.ill ddd water 

10 ILl 

1.0 ILl 3.2 pmol Reverse primer 

1.5 ILl CIGV DNA (40 ng) 

li.ill ddd water 

10 fi.1 

The sequencing reactions were carried out using the GeneAmp PCR systems 9600 

and analysed on an AB] 337 automated D A sequencer (Applied Biosystems). 

5.2.2) egt 

5.2.2 . I) The iso lation of the egl gene from the CIGV-SA genome 

The egl gene was amplified fi'om the genome using PCR. PIimers were designed 

using the eg l sequences [rom two granuloviruses, Lacanohia olcracea GV and 

Chorislolleura fi ,,"iferana GV. The sequences were aligned using the BCM search 

launcher sequence alignment program and two conserved regions were chosen for the 

forward and reverse primers. The forward pIimer I sequence was 5 ' GAT TGA ACA 

CCT CCC TG 3' and the reverse primer 1 sequence was 5 ' ACA CCT ATG CCG 

CGT G 3' . A PCR product of 1.1 kbp was amplified using PCR (the program and 

reaction used are presented in Appendix 4). 

5.2.2 .2) The identification of the egl gene in the CIGV-SA genome 

An attempt to locate the position of egt in the CIGV -SA genome was made by 

labeUing the egl PCR product with DIG and probing its position in the Southern blots 

of restricted CIGV DNA. However this technique proved to be unsuccessful. The 
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gene was then label led w ith radioactive 32-p and used to probe thc SOllthem blots, to 

investigate the position of the gene. Labelling was done using oli gonuc leotide primed 

syn thesis. The fo llowing mixture was prepared on ice: 

2.51-'1 0.5 mM dNTPs (except dCTP) 

2.5 I.d Klenow buffer ( l Ox) 

1.01-'1 Klenow enzyme ( I U) 

4.01-'13000 Ci/nunol [a J2 P-dCTPj50 I-'Ci 

egl DNA (0.1 I-'g) was combined wi th random hexanucleotides (I I-'g) to a fi nal 

volume of 14 1-'1. The DNA was boiled fo r 3 minutes and then placed on ice. Once 

cool, the DNA was added to the mix on ice and immediate ly incubated at room 

temperature for 4 hours. The labelling reaction was stopped with I 1-'1 o f 0.5 M EDTA. 

The uni ncorporated radioactive nucleotides were separated fi'om the probe using the 

Quick spin columns (Roche) (Appendix 5). The amount of radioactivity incorporated 

into the probe was measured as in 6.2.3.2. The hybrid isation and detection of the 

probe was done as in 6.2.4. 

5.2.2.3) Sequencing of the egl gene 

The pGEM-T Easy cloning ki t (Promega) was used to clone the egr peR products . 

£CoRV, adding 3' tenninalthymidine to both ends o f the vector, cuts the pGEM-T 

Easy clon ing vector. These single 3' -T overhangs at the insertion si te increases rhe 

efficiency of ligation of pe R product into the plasmid by preventing recircu lisation of 

the plasmid and provid ing compatible overhangs for PCR products (Prom ega manual , 

1998). The gene had to be cloned in order for it to be sequenced. egl PCR products 

were ligated into the pGEM- T Easy plasm id vector using the reaction below : 

STANDARD POSITIVE BACK-

REACTION CONTROL GROU D 

2 x rapid ligation buffer 51-'1 5 1-'1 5 1-'1 

pG EM - T EASY VECTOR (50 ng) I 1-'1 I I-' I I I.d 

peR product (insert ratio 3: I) x 

Control insert DNA 2 1-'1 

T4 DNA Ligase (3 Weiss units/I-' I) I I-' I I 1-'1 11-'1 

ddd water to a final vo lume of 10 Id 1 0 1-'1 10 1-'1 
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The reaction was mixed and incubated overnight at 4°C. The ligation was then 

transformed into E.coli DH5C1 cells using heat shock (Appendix 2). Insertional 

inactivation of the CI-peptide coding region of the I'l-galactosidase gene allows 

recombinant clones to be directly identified by colour screening. Transfonnants were 

screened for bluelwhite colonies on LBI AMP media containing X-gal and [PTG. 

White colonies were picked and subcultured in 5 ml LBI Amp media ovemight at 

3TC. Plasmid DNA was extracted using alkaline lysis (Appendix 2). 

The plasmid vector contains duplicate restriction sites flanking the multiple cloning 

region and these sites allow for the release of the insert by digestion with a single 

restriction enzyme (see Appendix 4). Recognition sites for EcoRI flank the multiple 

cloning sites and this enzyme was used for digestion of the plasmid. 10 ILl of plasmid 

was digested with 2 ILl of EcoRl (20 units), 2 ILl of Buffer H (10 xl and 6 ILl of doub le 

distilled water at 37°C for 2 hours. The digest was then electrophoresed on a I % 

agarose gel to ensure that the plasmid and insert were both present. Once the gene was 

cloned, it was prepared for sequencing by subculturing the clone overnight in 5 ml 

LB/AMP, at 37°C. The plasmid DNA was purified using the QIAprep spin columns 

(Qiagen). The DNA was then amplified by thelmocycling and further purified using 

the Zymo columns (Zymogen). These methods are di scussed in Appendix 4. 

Sequencing was done by Mrs Anna Clark using the ABT 3100 Genetic Analyser at 

Rhodes University. 

The Genetic Analyser generates approximately 500 bp of sequence during a 

sequencing reaction. Since egt was I 376 bp in size, the gene had to be sequenced in 

stages. Another fo rward primer was then designed to cover the region from the middle 

of the gene to the reverse primer. The Primer 3 program was used for the design of the 

egl Forward primer 2 (5' GAT ACC TGT GT CGC CTT TC 3'). Using the Forward 

primer 2 and the Reverse primer I, a smaller PCR product (685 bp) of tbe egt gene 

was obtained, which was also cloned into pGEM plasmid vector and sequenced as 

above. A region of 200 bp in the middle of the egt gene remained unsequcnced and 

another set of primers, to include this region, was designed using the Primer 3 

program. These primers were designated Forward primer 3 (5 ' GGT ATC AGC TCA 

CTC AAA GG 3') and Reverse primer 3 (5' GGT TGG ACT CAA GAC GAT AG 
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3 '). Using these primers the unsequenced region was isolated by PCR, cloned into 

pGEM and sequenced. 156 bp before the start of the first forward primer remained 

unsequenced. A forward primer was designed, to ampliJ)r the region 66 bp before the 

start codon (ATG) of the gene, using the LoGV egt sequence. This region was 

amplified by PCR using the Forward primer 4 (5' GAT GAC CGC TTC GAG CCA 

TGA 3') and Reverse primer 3; and it was cloned and sequenced. The various 

sequences were combined to produce a preliminary CIGV -SA egt sequence. Refer to 

Fig. 31 for the primers designed for the isolation of egt. 

For4 ForI For3 For2 

Rev3 

egt 1376 bp 

I 

Revl 

Figure 31: Forward and reverse primers designed for egt amplification. 

5.3) RESULTS 

5.3.1) Granulin 

5.3.1.1) Isolation ofthe granulin gene 

The granulin gene was successfully amplified from the CIGV -SA genome using PCR. 

A product of747 bp was isolated (Fig. 32). 

1018 
517 

2 3 

Granulin 
747 bp 

1 - 1 kb ladder 
marker 
2 - control - PCR 
without CIGV DNA 
3 - granulin PCR 
product 

Figure 32: PCRproduct of the granulin gene (747 bp) on a 1 % agarose gel. A I kb 

ladder was used as a molecular weight standard (Appendix 4). An overflow of DNA 

occurred from lane 3 into lane 2. 
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5.3.1.2) The identification of the granulin gene in the ClGV -SA genome 

In each restriction enzyme digest of CIGV DNA, the granulin probe hybridised to a 

particular fragment or fragments producing a signal on the X-ray film (Fig. 33). These 

fragments thus contained portions of the granulin gene, e.g. the probe bybridised to 

fragment A and N in the EcoRI digest, fragment J in the Kpnl digest, fragments C 

and A in the BamHl digest and in the Xho 1 digest, it bound to fragment A. These 

fragments thus contained the granulin gene sequences. 

1 2 3 4 5 6 7 g 9 10 II 12 

~ . 

I - I kb ladder marker 
2 - BamHI digest 
3 - Bgill digest 
4 - EcoRl digest 
5 - Hind III digest 
6 - Kpn I digest 
7 - Nde 1 digest 
8 - PSi 1 digest 
9 - Sac! digest 
10 - Sail digest 
11 - Xho 1 digest 
12 - 1 kb ladder marker 

Figure 33: The position of the granulin gene in the ClGV-SA genome. The DIG­

labelled granulin pro be hybridised to a particular fragment or fragments in each RE 

digest. A photograph of the corresponding RE digests of ClGV-SA DNA is visible 

beneath the X-ray. 
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5.3. 1.3) The seq uencing of the granulin gene 

The sequence of the granu1in gene is presented in Fig. 34. The CIGV-SA granulin 

sequence was aligned with the CIGV-CV3 granu lin sequence. There ex ist only six 

nucleotides that differ between the two sequences (high lighted in red). Fig. 35 

presents the granulin amino ac id sequences for both CIGV-SA and CIGV-CV3. No 

differences between the amino acid sequences were noted. 

95 



Figure 34: Granulin nucleotide sequence (Top CIGV-CV3, bottom CIGV-SA) 

1 ATGGGATATAACAAATCTTTGAGGTACAGCCGTCACGACGGTACCACTTG 

1 ATGGGATATAACAAATCTTTGAGGTACAGCCGTCACGACGGTACCACTTG 

51 TGTAATTGACAACCACCATTTGAAGAGCTTGGGAGCCGTGTTACACGATG 

Sl TGTAATTGACAACCACCATTTGAAGAG C TTGGGAGCCGTGTTACACGATG 

101 T C A G A C G T A A A A A A GAT C G CAT C C G T G A A G C G G A A T A C GAG C C CAT TAT C 

101 T C A G A C G T A A A A A A GAT C G CAT C C G T G A A G C G G A A T A C GAG C C CAT TAT C 

151 GAT A T C G C C GAT C A A TAl A T G G T G A C C GAG GAT C CAT T T C G T G G A C C C G G 

~5 1 GAT AT C G C C GAT C A A TAT AT G G T G A C C GAG GAT C CAT T T C G T G G A C C C G G 

2 0 1 C A A G A A T G T A A G GAT C A C C C T T T T C A A G G A A A T TAG A C G T G T C C A C C C A G 

~O] CAAGAAT GTAAGGAT CAC C C T T T T C AAG GAAAT I AGAC GT GT C CAC C CAG 

251 ACACAAT GAAG C T G GTAT G CAAC T G GAG C G GI AA A GAAT T C CT T C G C GA G 

~51 ACACAATGAAGCTGGTATGCAACTGGAGCGGTAAAGAATTCCTTCGCGAG 

301 ACT T G G A C C C G T T T CAT C T C T G AA G AA T T T C C CAT C A C C A C A G A C C AA G A 

301 ACTTGGAC C CGTTTCATCTCTGAAGAATTTCCCATCACCACAGACCAAGA 

351 A A T TAT A GAT T T G T G G T T T GAG C T T C A G C T A C G A C ci A T G C A C C C T A A C C 

351 AATTATAGATTTGTGGTTTGAGCTTCAGCTACGACCGATGCACCCTAACC 

4 01 G T T G T T A C A A A T T C ACT A T G C A G TAT G C T C T C T G T G C C CAT C C C GAT TAT 

4 0 1 GTTGTTACAAATTCACTATGCAGTATGCI CTCTGTGCCCATCCCGATTAT 

4 5] G T C G C T C A C GAT G T GAT C C G C C A G C A G GAT C C C T AI T A T G TAG G A C C T A A 

-lSI G T C G C T C A C GAT G T GAT C C G C C A G C A G GAT C C C TAT TAT G TAG G A C C T A A 

5 0 1 C A A TAT C GAG C G TAT C A AT C T T T C C A A G A A G G G T T T C G C T T T C C C A C T C A 

501 CAATATCGAGCGTATCAATCTTTCCAAGAAGGGTTTCGCTTTCC C ACTCA 

551 CAT G C C T A C A G T C C G T C T A C A A T G A C A ACT T T GAG A AT T T C T T T GAT G A C 

55 1 CATGC C TACAGTCCGTCTACAATGACAACTTTGAGAATTTCTTTGATGAC 

601 GTTCTGTGGCCGTATTTCCACCGTCCCCTGGTGTATGTAGGTACTACGTC 

CO] G T T C T G T G G C C G TAT T T C C A C C G T C C C C T G G T G TAT G TAG G T ACT A C G T C 

651 T G C C G A A AT T GAG GAG A T CAT GAT T G A A G T T T C T C T G T T G T T C A A GAT C A 

651 T G C C G A AA T T GAG GAG A T CAT GAT T G A A G T T T C T C T G T T G T T C A A GAT C A 

701 A G GAG T T T G C A C C C G A C G T G C C C C TAT T C A C C G G T C C A G C C TAT T AA 

70 :; A G GAG T T T G C A C C C G A C G T G C C C C TAT T C A C C G G T C C A G C C TAT T A A 
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Figure 35: Granulin amino acid sequence (top CIGV-CV3, bottom CIGV-SA) 

10 20 3 0 40 50 
I , , ! ! 

1 MGYNKSLR Y SR HDGTT C V IDNHHL KS LGAVLHDV RR KKDRIREAEYEPII 
1 MGYNKSLR YSR HD GTT CV I DNHHLKSLGA VL HDVRRKKDRI R EAEYEPJI 

60 70 80 90 10( 
I ! , I ! 

51 DIAD QYM VTEDPFRGPGKNVR I TLFKEI RRVHPD T MKLV CNWSGKE F LRE 
51 DI ADQYM VTEDPFRGPGKNVR I TLFKE I RRVHPDTMKL VC NWSGKEF L RE 

110 120 130 140 15( 
I I I I I 

101TWTRFI S EEFP I TTDQEIIDLWFELQL R PMHPNRCY K FTMQ YAL CAHPD Y 
101TWTRFISEEFPITTDQEIIDLW F ELQL R PMHPN RCYKFTMQYALC AHP DY 

16 0 170 180 1 90 20 ( 
I ! I I I 

151VAHDV I RQQDPYYVGPNNIE R INLSK KGFAFPLTCLQS VYNDNFENFFD D 
151VAHDVIRQ QDPYY VGPNNI ER INLSK KG FAFPLTCLQSVYNDNFENFFDD 

210 22 0 230 240 
! ! ! ! 

201VL WPYFHR P LVYVGTTSAEIE E IMIEVSL L FK I KE FAPDV P LFTGPAY . 
201VLWPYFHR P L VYVG T TSAEIE E IMIE VSLLFKIKEFAPDVPLFTGPA Y. 
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5.3.2) egt 

5.3.2.1) The isolation of the egt gene 

The egl gene was successfully amplified from the genome using peR. Fig. 36 (Al 

shows the egt peR product of 1.1 kbp in size. Three smaller pieces of the gene were 

also amplified by peR to enable to the gene to be sequenced. Fig. 36 (8) and (e) 

presents the 685 bp and 490 bp fragments of the gene. 

137 1 
1264 

702 

702 +---c-

224 

2 3 4 5 

2 3 4 

(8) 

98 

<:-=-, 
eg l 1 
1.1 kbp 

(A) 

1 - N BstE II marker 
2 - egt 1 pe R product 
3 - egt 1 peR product 
4 - egt 1 peR product 
5 - egt I peR product 

1 - NBstE 11 marker 
3 - egt 2 peR product 
4 - egt 2 pe R product 

egr 2 
(685bp) 



3675 ....-
233 2 ....-

702 .... f--

2 3 45678 

--+- pOEM vector 
(3018 bp) 

.. egl3 
490 bp 

(C) 

1 - NEstE II marker 
2 - 7 - egt 3 peR product (490 
bp) 
8 - pGEM/eg/3 digested with 
EcoRI 

Figure 36: egl peR products on I % agarose gels. (A) 1.1 kbp peR product (8) egt 

2 (685 bp) peR product (C) egt 3 (490 bp) peR product and pGEM/eg/3 clone 

5.3.2.2) The sequence analysis of egt 

The pe R products of the egt gene were each cloned into pGEM-T Easy vector. Fig. 

37 shows the pGEM/egt2 clone. Each fragment was then sequenced . The sequence 

infonnation generated was combined to produce a sequence for egl (Fig. 38). The 

sequence was then translated, but there appeared to be many stop codons and possible 

errors in the sequence. Therefore the sequence produced is a preliminary sequence of 

the CIGY-SA egt gene. The gene needs to be sequenced in the opposite direction, 

with suitable overlap, to produce a complete sequence of the gene. 

2 

3675bp ."f--

702bp 

_---:_.~ pG EM vector 
(3018 kbp) 

egr 2 

1 - N BstE [j marker 
2 - pGEM/egt2 
digested with EcoR I 

Figure 37: The egt2 peR product cloned into pGEM -T Easy plasm id vector. 
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Figure 38: The egt sequence of CIGV -SA 

- ._._._ .. _------_ ... __ .. __ . __ ._-----------------

, , :/1 

i"/\' '1 

... _ .. _-_ .. _------

-----------.--......... . 

.......... ----.-------.-.... -............ --------- ... __ .. _._--_._--_._. __ ... _ .. 

i'.' ~ 
'I, -" L,<".; 
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" 1 

-------------

To confinn 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 filmiferana granulovirus 

(CfGV) and Lacanobia oleracea granulovirus (LoGV) (Fig. 39). There was alignment 

of the ClGV -SA egt sequence with the other granulovirus egt sequences, suggesting 

that the gene isolated was in fact egt. A consensus between the sequences is indicated 

in Fig. 39. However there are regions of non-alignment suggesting that the ClGV-SA 

sequence is incomplete or has errors; and requires further sequencing. 
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Figure 39: Multiple sequence alignment of the egt genes from 7 granulovirllses using 

ClustalW mUltiple sequence alignment & Boxshade. 

1.1 
1 15 16 30 31 45 46 60 61 

AhGV ------ - - -- - - --- --- -- ---- - --- -- ---- - - - -------- ATGTAT---TCGTTG ATTGTGTTGl 
AoGV -- ------ -- - -- - - --- -- ----.-- - -- ------- - -- - --- - ATGTAT- --TCGTTG ATTGTGTTG1 
CfGV -- - --------- - -- --- - ---- ._- - --- .----- . - -- -.--- ATG- -T- - -TCGTGC AACTAATAC1 
logy -- - ------------ - - - - ----------- .-- --.- - .- - - --. ATGTTTATATCTATC CTACTTTTAC 

CpGV ATGGGACGATACACT CCAAATGGGGCACAA CCCAATTCGCTCAAC ATGTTT--CGCAATA ATTTGGTCC1 
AFgv -- - ------ - ----- ---. - - -- - - ----- ---- - - - -- -- ---- ATGTGGACAGCGATC GTA- -GTTG1 
CFNPV ------------- - - -- - - - - - -- - - - --- ----- -. - -- - - --. ATGGCTTCTTTACTT ATTGCATTG, 
MbNPV ----- - -- - ATGGGT CACCTACATATTGTC CATTGGCGTCTCACC ATGAACGGAGCTATT GCTGCATTG1 

C1GV -------------- - - -----.-------- ------- - ------- ATGTTTGTGCCTATC CTA--CTCG1 

2 .1 
91 105 106 120 121 135 136 150 151 

AhGV - -- - -TGTCTCGTCC GCTAGAATATTATGC GTTTTT-CCAA-TAC CGTCATATAGTCATC ATTTGGTTTI 
AoGV -----TGTCTCGTCC GCTAGAATATTATGC GTTTTT-CCAA-TAC CGTCATATAGTCATC ATTTGGTTTI 
CfGV T--TTTGTTTGTTCG TCAAATATTTTGTGT GTGTTT-CCCA- CAC CGGCGTTGAGTCATC AGTCTGTGT1 
logy - -- -- -ATTTTGTGT GCCAACATTTTGTGT GTTTTC-CCCA- CTC CTGCGTACAGTCACC AATCTGTTT1 

CpGV CACTTTGTACACACG GCCAATATTTTGTGT GTTTTC-CCCA- CGC CCGCGTTCAGTCACC AATCCGTGT1 
AFgv --------CGCCGCG CACAATATCCTATGC GTGTTT-CCCA-CAC CCGCATATAGTCACA ACTCGGTTT1 
CFNPV C-----GCGCAAACC GCGAATATTCTAGCG GTGCTG-CCCA - CGC CAGCTTATAGTCACC ACGCTGTGTI 
MbNPV CATCAGCAACATGCA GTCAGGATCTTGGCG GTGTTT-CCGA-CTC CGGCGTACAGCCATC ACAGCGTGT1 

ClaV - - - - - TTTTTGTGTG CCCAATATTTTGTGT GTGTTTTCCCAGTTG AAGCGAATC-TCATC AGTC- GTTT1 
~ 

3.1 
181 195 196 210 211 225 226 240 241 

AhGV TGGTTAAAAACGGAC ATAATGTTACCGTCA TAA- -- - CTCC---- --- - -----CATGCC TAGACATGTC 
AoGV TGGTTAAAAACGGAC ATAATGTTACCGTCA TAA-- - -CTCC- - -- - --- - -- - - CATGCC TAGACATGTC 
CfGV TAGTTATTGCTGGAC ACAACGTTACCGTGA TCA----CACC - - - - --- --- - - -TATGCC GCGTGGAGT1 
logy TATCTTGGGCCGGAC ACAACGTGACGGTGA TTA----CACC-- - - -------- - TATGCC GCGTGCCGTC 

CpGV TGGCCAAGGCTGGCC ACAACGTTACCGTGA TTA----CCCC---- ----- - ---ATTGCC GCGCCGTGTC 
AFgv TGGTAAAGGACGGTC ACAATGTCACAGTTA TTA - ---CCAC - - -- - -- - -- - --AATGCC CAGAAACAT1 
CFNPV TTGCAAAAAATTGCC ACAATGTAACCGCTG TGA----AGCCGCGG CTACTGGATTACGCC TTGCTAAATC 
MbNPV TGGCCGAACGCGGCC ACGACGTAGTGGTCA TTAAAT-CTACCGAC AGAATCAACTATGCC AACAGAAATC 

ClGV TAGGCACTTTGGGAC ACGAGGAAACTTTTT TGATGGCCAACCC -- - - -CGCCTGCAGGTC GA-CCATATC 

4 . 1 
271 285 286 300 301 315 316 330 331 

1 AhGV GAAATCGACAC-ATC A--AAGAACACCTT- ---- - -- GAAC - --G TGTACAG--CG - CTT TAATGAGCAC 

http://dot.imgen.bcm.tmc.edu:933 1/cgi-bin/multi-alignlmulti -align.pl 02/04/2002 
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2 AoGV 
3 CfGV 
4 logy 

5 CpGV 
6 AFgv 
7 CFNPV 
8 MbNPV 

9 ClGV 

Page 5.1 

1 AhGV 
2 AoGV 
3 CfGV 
4 logy 

GAAATCGACAC-ATC A--AAGAACACCTT- - - -----GAAC---G TGTACAG -- CG-CTT TAATGAGCAC 
GAAATAGATTG-TTC A--ACTAAAAACGTA TT- CGT-GAATTTGG TGAAAAATTCGACAT CATTG~ 
CAAGTTGTTAG-CTC GCTATCTGTGCATTA TT-TTAACAATCTAA TCAAGAATTCTACAA TGATCAAGAJ 

GAAATTGACTGCAGC AAATCGTTGACTGTG TT-CAATGAGT-TAG TGAAGAAGTCGTCGT TGTTCAAAG1 
CAAGTTGACTG-CTC GTTGCCAGGACACTA TTTCCAGGAAT-TGG TCAAAAACTCGACGA TGATCAAGA} 
CAAATTGACGCCGAC ATGTCGTTGGAGCAA TACCA- - GAAGCTAA TGGCCGGTTCAGGCG CGTTCCGCA} 
GAAATTGACGC-TTC ACTCTCTCAAGAATA CTATG-GCCGTCTAA TGCGTCACGCCGGAG TTTTTCGGAJ 

C--GTTGGATGCATC AC-TTGAGTATTCTA TA-----GTGTCACC TAAATAGCTTG-GCG TAATCATGG1 

361 375 376 390 391 405 4 06 420 421 
AAATTTTTGT - --TG CAGAACAATACCGTG ATTTGTTAAATATGG TCGTCGATCAATTTA ACAGCGATGC 
AAATTTTTGT - --TG CAGAACAATACCGTG ATTTGTTAAATATGG TCGTCGATCAATTTA ACAGCGATGC 
AATTGACAGTAACTG CTGAAAATTATACAC CAATAATAGATATGG TGGTGGAGCAGATAA AAAGTTACA} 
AAACCACCGTGACAA AGGAAAATTATATGG GACTGATTAATTTGG TGGCGCATGAAATAA AAAGTCCTA} 

5 CpGV AGAGCACAGTGACCG CCGACAATTACACAC CGCTGGTGGACATGG TGGTAGCCCAGTTCCAAAAT~ 
6 AFgv AAACTACGGTAACCA AGGAAAATTACATGG GTTTGGTTGATATGG TGGTGCGGGAAATGC AACACGAAA} 
7 CFNPV AAACCACCGTCACTG CGGACAATTACATGA GCCTGATAGAAATGT TTAAGGACCAATTTG ACAACGCCAJ 
8 MbNPV GTTCCACGGTCACCG CCCACAACTACATGG GACTGGTGCGCATGA TGAGCGATCAATTTG ATTTGCCCA1 

9 ClGV AAATTGTTAT--CCG CTCACAATTCCACAC AAC--ATACGAGCCG -GAAGCATAAAGTGT AAAGC-CTGC 
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1 AhGV 
2 AoGV 
3 CfGV 
4 logY 

5 CpGV 
6 AFgv 
7 CFNPV 
8 MbNPV 

9 ClGV 
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1 AhGV 
2 AoGV 
3 CfGV 
4 logy 

5 CpGV 
6 AFgv 
7 CFNPV 
8 MbNPV 

9 CIGV 

Page 8.1 

1 AhGV 
2 AoGV 
3 CfGV 
4 logy 

5 CpGV 
6 AFgv 

451 465 466 480 481 495 4 96 510 511 
CAACACA-AATGTCA AATTTGATTTGATAG TATGCGAGTCCATGC TGAACATTAACCTAT ACTTTGGAC, 
CAACACA-AATGTCA AATTTGATTTGATAG TATGCGAGTCCATGC TGAACATTAACCTAT ACTTTGGACI 
AAACAAA-GATAATA ATTTTGATTTGGTTG TATGTGAAGCATACC TTGATATAATTTTAA TATTTGGTCI 
AAACAAG-GGTAACA AGTTCGACTTAATTG TTTGTGAAGCTTATG TCAGTTATATCTTGG TGTTTGGAGC 

AAACAAG-GCCAACA TGTTTGATTTGGTGG TGTGCGAAGCGTACC TTAGTCTCAACCTAA TTTTTGGTCI 
AAA - - - G-GACCAGA TGTTTGACTTGGTAG TGTGTGAGGCGTATA TTAGTTACATACTGG TGTTTGGGTI 
CTCCA--- - ACCGGA CCTTTGACGCCGTGG TGGTGGAAGCGTCCG CCGACTACGAGCTTG TGTTTGGGCI 
AAGCACACAAGCACA AATTTGATTTGTTAA TAACCGAGGCGTACA TCGATTATCCTCTTG TTTTCTCACI 

TAACTCACATTAATT GCGTTGCGCTCACTG CCCGCTT~CCAGACG GGAAACCTGTCGTGC CAGCTGCAT1 
~ 

54 1 555 556 570 571 585 586 600 601 
TA- - -ATTTGGATCT CTTC--GGGA- - --C GAGCCACCAACGACA ATTATAACACCCTAT TAAACAAAAC 
TA---ATTTGGATCT CTTC--GGGA----C GAGCCACCAACGACA ATTATAACACCCTAT TAAACAk~C 
TA---AT~TTTT CATC--CGGC-- - -T ATGGTACCAACGk~ ATTTTAAAAC---AA TGAACGCGGI 
TG- - -ATCCAGTTCT CGTC--GGGC----T ACGCCATACCTGAAA ACTTTGAAAC-- - TG TGGGCGGCGI 

TC- - - ATTCGTATCT CTAG--TGGG-- - -C ACGGCACTACCGAAA ATTTTGACACC- - -A TGGGCG---C 
TG - --ATACAGTTTT CGTC--TGGC-- - -T ACGGATTGGTGGAAA ACTTTGAAAC- - -TA TGGGTA- - -1 
TA---ATACAAATCG CGCC--GGGT--- - T ACGGTTTGGCCGAGA ACTTTGACGCC---G CCGGCGCCG1 
TG---GTGCAAATTT CATC--GGGA----T ACGCTGTGGCTGAAA ACTTTGAAAC-- - TA TGGGAG---C 

GGGAGAGGCGGTTTG CGTATTGGGCGCTCT TCCGCTTCCTCGCTC ACT--GACTCG-- - A TGCGCTCGG1 

631 645 646 660 661 675 676 690 691 
ATATATCCCAATGTA TTTAACACATTGAAT TGTGAAAATGAAGAA AAATGTCACGACG-A CGA- - - -- - ­
ATATATCCCAATGTA TTTAACACATTGAAT TGTG~TGAAGAA AAATGTCACGACG-A CGA------­
GTGTATCCCAACCTG TGGCGGTCA---AAC TTTTCAAATGAA--A ATATTGAACAAG--- CGC--- - --­
AAGCACCCAAACATT TGGCGGTCT--GATT TCAGCAAGTCTA- - - ACTTTGAACAACTGA TGA - ------

GTGTATCCGAGTAGC TGGCGCTCC---ACA TTTTCCACTAAC- -A AAACCCAAATAATGG AGA - - - ---­
ACACATCCCAACTTG TGGAGATC------- TTCGCAA-------- AATGCTAGCTAC--- -GA-------
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7 CFNPV CACTACCCCAACATT TGGCGCAGCA- -GCT TCAGCGG - -CGAGGC GGCGGGCGCGCTCAG CGA------­
B MbNPV TACTATCCTAATTTG TGGCGGGACA--AGT TTAGCGGACTAAACG TGTGGAAACAATCAA TGAAATGTAC 

9 ClGV TATCAGCTCACTCAA AGGCGGTAATACGG- TTATCCACAGAA--- TCAGGGGATAACGCA GGA------ -

Page 9_1 

L 

1 AhGV 
2 AoGV 
3 CfGV 
4 logy 

721 735 736 750 751 765 766 780 781 
A-GAATGGAATAAAT TTGACGTCATACAAC - --ACGATTTACTCA CAAAACAT-TTTGGT CAAGACATAC 
A-GAATGGAATAAAT TTGACGTCATACAAC ---ACGATTTACTCA CAAAACAT-TTTGGT CAAGACATAC 
A-GT - TGAAACAAAT A- - ---- CAGAATAT ---TCGATT---- - A CAAAAATTGTTTGGA GACCGCACT1 
ACGAATGGGCTCTAT TGGAAAAGGAACAAG ---AGAACATGTTGA -AACGCGACTTTGGA TACCAC- - -C 

5 CpGV ACGAATGGAAGAAAT TGGAGAGGGTGCAGG ---A-GACACGGTTA AAACAGGTGTTTGGA GGTGGTAG - C 
6 AFgy A-GAGTGGGCCATGC TTGAGCGGGCGCAAC ---ACGATATCATGC GGGATAAT-TACGGA ACACGTGTAC 
7 CFNPV ACGAATTTGAGCTGC TGGCGTCGCAGCGAT CCAACGAGCTGCTGA -AACAACAGTTTGGT CTTGACACGC 
B MbNPV ATGAATTTAGTAAAT TGGCC - -GGACGAAC AGAATGCACTATTGA -AACGCCAGTTTGGC GAGAGCACTC 

9 ClGV AGGCCAGCAAAAGCC AGGAACCGTAAAAAG G--CCGCGTTGCTGG -- - --CGTTTTTCCA TAGGCTCCGC 

Page 10.1 

1 AhGV 
2 AoGV 
3 CfGV 
4 logy 

5 CpGV 
6 AFgy 
7 CFNPV 
B MbNPV 

9 CIGV 

Page 11.1 

1 AhGV 
2 AoGV 
3 CfGV 
4 logy 

5 CpGV 
6 AFgv 
7 CPNPV 
8 MbNPV 

811 825 826 840 841 855 856 870 871 
GAAGAAGAGAGTCAA ATTGTTGTTTATCAA - -TACCGCGTCCCAT TTTGATAACGACAGA -----CCCA1 
GAAGAAGAGAGTCAA ATTGTTGTTTATCAA --TACCGCGTCCCAT TTTGATAACGACAGA -----CCCA1 
GCAGCAAAGTGTGAA ATTGTTATTTGTCAA - - TGTACCCCACGTG TTTGACAGCGACAGA - -- - - CCTG1 
GAAATCTAGGGTCTT AATGTTGTTTATTAA --CGTTCCTGCAGTG TTCGATAATAACAGA - - ---GATG1 

GAAAAAACGGGTGGT GCTACTGTTGGTGAA - - CGTACACCCTGTG ATGGATAATAACAGA - ----CCAG1 
GAGACAGCGCGTGTT AATGTTATTCATAAA --CGTGCCGGCTATT TTTGACAACAACAGG - - - - -CCGG1 
ACGTGACAACGTGCA ACTTTTACTACTCAA - -CCTGCACCCGGTG TACGACAACAACCGT ---- - CCGG1 
GCGCAATAGAGTCGA GCTGTTGTTTGTTAA --CACACACGCCATA TTCGATAACAATAGG -----CCGG1 

AAAATCGACGCTC~ GTCAGAGGTGGCGAA ACCCGACAGGACTAT AAAGATACCAGGCGT TTCCCCCTGC 

901 915 916 930 931 945'946 960 961 
TGGGCGG- - -TCTTC ATTTGACAACACCGC CGCCTATATTGAGCG ' ATGTCGATGTGAAAC TAACCAATT1 
TGGGCGG- -- TCTTC ATTTGACAACACCGC CGCCTATATTGAGCG ATGTCGATGTGAAAC T~CAATT1 
TGGGTGG- --TATTC ATTTAAAAAAACCAC GACCGGT- -- --GCG ---- CGATATAAAAT TAATAGAAT1 
TGGGTGG---AATTC ACCTCAAAAAACCAA GAACAGT--- --GCG ----CGACTCACGTT TGCTCTCGT1 

TGGGGGG---GCTGC ATTTGAAACGAGCTC AATCGATA- -- -AAG -----GACGAGGAGT TGCGCGCCT1 
TTGGCGG---TATGC ATCT- - -ACGATCTC CCACTAA-- -- -- -G -----GATGTG-AG- ---- -- -CT1 
TGGGCGGCGGGCTGC ATTTGTCGCAGGCGC CGTCGCACAAGTTAA CCGCCGCGCTCGAGC G--CCGGCTC 
TGGGCGC-- - ATTAC ATTTG-CACGATAAG CGACCGGAT--AGCA TGTACGGTATG--GT T-CGTGAAT1 

9 ClGV CTGTTCCGACCCTGC CGCTTACCGGATACC TGTCCGCCTTTCTCC --- - CTTCGGGAAGC GTGGCG-CT1 

Page 12. 1 

1 AhGV 
2 AoGV 
3 CfGV 

991 1005 1006 1020 1021 1035 1036 1050 1051 
-ACAATAATATATGT CAGTTTCGGATCAAA CAATTTCAACAA-CA CCA-TATTGAAAAAC GTAT- - TCG1 
-ACAATAATATATGT CAGTTTCGGATCAAA CAATTTCAACAA-CA CCA-TATTGAAAAAC GTAT- - TCG1 
-AATATAATTTATGT TAGCTTTGGATCTAT - - -TTTGGACGC-CG CTGCTATGGACGAAA GTTTG-TTGJ 

4 logy - ATTATAGTTTACGC TAGCTTCGGATCGGG CA-- -TCGATGT- AC TTAACATGGACGCTA ATCTTATCG -

5 CpGV - TTTGTGGTGTACGT GAGTTTTGGATCGAT GC-- - TCGACGC-CA CCACCATGGACCACC GTGCCCTAC -
6 AFgv GAATGTGGTGTACGT GAGCTTTGGTTCTAG CA-- - TAGACGC-GA TGGAAATGGACAGTG GGTTGATTG · 
7 CFNPV -G- AGCAATCTACGT GAGCTTCGGCTCCAG CA---TCGACAC-CA ACTCTATTCACGCCG AATT- -TATJ 
8 MbNPV -GGCGCTATTTACGT CAGTTTCGGTTCGGC AA-- -TATCCTC -CG AAGATATGGAGCCAG AGTTTATAG -

9 ClGV TGTAGGTATCTCAGT TCGGTGTAGGTCGTT CG--CTCCAAGCTGG GCTGTGTGCACGAAC CCCCCGTT- · 
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Page 14.1 
1171 1185 1186 1200 1201 1 215 1216 1230 1231 

1 AhGV T-CAGAAAATGGTTA CCGCAGAGGAATATT TTG-AAGAACCCTCG TGTCAAGCTGTTCAT AACACAAGGJ 
2 AoGV T-CAGAAAATGGTTA CCGCAGAGGAATATT TTG-AAGAACCCTCG TGTCAAGCTGTTCAT AACACAAGGJ 
3 CfGV C-TAGAAATTGGTTT CCTCAAAGAGATATT TTA - AATCATCCCAA TGTAAAATTATTTAT AACACAAGm 
4 logy CGCAGTCA-TGGTTC CCGCAACGAGACGTT TTA-AATCACCCGCA CATAAAAGTTTTCAT CACGCAGGG1 

5 CpGV C-TCGTGAATGGTTT CCGCAGAGAGCGCTG TTG-AACAGTGGTGT GGTGAAGTTGTTTGT GACGCAGGG1 
6 AFgv T-TAGGGAJ\'TGGTTT CCGCAAAGAGACATA TTG-AATCACGCTAA TGTTAAGCTGTTTAT TACTCAGGG1 
7 CFNPV CACA-AAAGTGGTTT GACCAGCGCGCGGTG CTG-CATCACAAAAA AGTGGTGGCGTTCGT CATGCAAGO 
8 MbNPV TACAGTCG-TGGTTC GAACAATACAACCTG TTG-CATCATAAAAA CGTTCGTGCTTTTGT CACCCAAGGC 

9 Cl GV C--A- -- --GGATTA GCAGAGCGAGGTATG TAGGCGGTGCTACAG AGTTCTTGAAGTGGT GGCCTAACTt 

Page 15 . 1 

[ 

12 61 1275 1276 1290 1291 1305 1306 1320 1321 
1 AhGV AGCGGTAGATAATGA AATACCTATGATTGT TGTGCCTTTGATGGG TGATCAATTTTTAAA CGCTCGCAAC 
2 AoGV AGCGGTAGATAATGA AATACCTATGATTGT TGTGCCTTTGATGGG TGATCAATTTTTAAA CGCTCGCAAC 
3 CfGV AGCTGTCGATAGCGA AATACCGCTTATTTG TATTCCAATGGTTGG GGATCAATTTGTCAA TTGTCGTAGI 
4 logy AGCAGTTAATAGCGG TGTTCCTATGATCGG GATTCCTATAATGGG CGATCAGTTTTATAA CGTGAGGCG1 

5 
6 
7 
8 

9 

CpGV GGCGGTGGACGGCGG GGTGCCCATGCTGTG CATACCGATGGTGGG TGATCAATTTTTGAA TTGTGAACGC 
AFgv AGCGATAGATAGCTG TGTGCCCTTGCTGGG AATACCCATGGTGGG CGATCAGTTCTACAA CACGGGCCm 
CFNPV AGCACTGGAGTCGCG CGTACCTATGGTTTG TCTGCCCATGATGGG CGACCAATTTCACCA CGCGCGCAM 
MbNPV AGCAGTCGAAGCGAT CGTGCCGATGGTCGG CATGCCAATGATGGG CGATCAAGCCTACAA TATGAATAM 

ClGV AGTATTTGGTATCTG CGCTCTGCTGAAGCC AGTTACCTTC---GG AAAAAGAGTTGGTAG CTCTTGATCC 

5.3.2.3) The identification of the egl gene in the CIGV-SA genome 

The egl gene was s~ccessfully labelled with 32p, using the oligonucleotide primed 

synthesis method. Medium stringency hybridisation of the probe to a Southern blot of 

restricted CIGV -SA and CIGV -CV3 DNA yielded a series of autoradiographic bands, 

cOJTesponding to fragments in each RE profile (Fig. 40). The egt gene hybridised to ? 

fragment C in the BamHI digest, fTagment A in the EcoRl digest, fragment A in the 

Xhol digest, fngment A in the Kpnl digest and fragment B in the Sacl digest, of the 

South African isolate. In the CV3 isolate, the probe hybridised to fragment A in the 

EcoR I digest, fragment J & H in the BamHI digest, fragment A in the Kpnl digest, 

fragment B in the Sacl digest and fragment C in the Xhol digest. Smith & Goodale 

(1998) state that an ORF 909 separates the egt and granulin genes in CIGV-CV3, with 

egl located to the left of ORF 909. The egl gene iu the CIGV-SA isolates lies within 

the same fragments as the granulin gene (in most cases) (see Fig. 41). This gene could 

possibly be adjacent to granulin, as in CIGV-CV3; but this could not be conclusively 

shown. 
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2 3 4 5 6 7 8 9 10 11 12 

1 - SNBamHl digest 
2 - CV3IBamHl digest 
3 - SNEcoRI digest 
4 - CV31EcoRI digest 
5 - SNKpnl digest 
6 - CV31Kpni digest 
7 - SNSacl digest 
8 - CV3/Sac! digest 
9 - SNXho 1 digest 
10 - CV31 Xho I digest 
II - ")J Hind III marker 
12- 1 kb ladder 

Figure 40: The position of the egt gene in the ClOY-SA genome. The 32P_labelled 

probe hybridised to a particular fragment or fragments in each RE digest. A 

photograph of the corresponding RE digests of ClOV -SA DNA is visible beneath the 

X-ray. 

5.4) DISCUSSION 

5.4.1) Granulin 

The granuJin gene was successfully amplified from the ClOV genome and its position 

in the genome determined. A zero point for the physical maps for BamHl, EcoRI, 

Kpn I, Sac! and Xho I was thus defined as the smallest fragment containing the 

granuJin gene, e.g. fragment C in the BamHI digest was the smallest fragment 

containing the gene and was thus assigned as the zero point of the map (see Fig. 41). 

The gene was also sequenced and its sequence compared to the CIOV-CV3 granuJin 

sequence, illustrating a great degree of homology between the granulin genes from 
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both isolates. This result was expected si nce the granulin gene is reported to be highl y 

conserved. 

5.4.2) egl 

After pol yhedrin/granu lin , more egl genes have been sequenced than any other 

baculoviral gene (Clarke el ai, 1996). PCR amplification using the primers designed 

for egl, yie lded a gene product. To investigate the position of the gene in the genome, 

a probe of the gene was made by labelling it with 32p . The probe hybridised to 

differen t fragmellls in the Southern blot of the reslticted ClGY-SA and CIGY-CY3 

DNA; thus revealing the position of the gene within the CIGV genome (Fig. 41) . A 

preliminary sequence of the egl gene was establ ished. An alignment of this sequence 

with six other granulovirus egl genes revealed that til e gene iso lated is egl. But there 

exists many areas of non-alignment, seen in the translation of the sequence. Therefore 

eg; needs to be seq uenced in the opposite direction with suitable overlap in order to 

produce a complete sequence of the gene. 
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CHAPTER SIX: DETECTION ASSAYS FOR Crvptophlebia 

leucotreta GRANULOVIRUS IN FALSE CODLING MOTH 

LARVAE 

6.1) INTRODUCTION 

Baculoviruses are being used as agents to control insect pests of crops over large areas of 

agricultural and forest lands, in some instances on a commercial basis (Summers el ai, 

1975). Consequently there is a need for rapid and specific diagnostic methods to detect 

and monitor baculO\'iruses in ecological and epidemiological studies (Kelly el al, 1978). 

False codling 1110th larvae are responsib le for extensive damage to citrus, rendering 

infested li'uit no longer suitable for consumption, while light damage is sufficient for 

rejection on the export market. 

False codling 1110th (FCM) populations undergo periodic outbreaks to very high densities 

that result in widespread fruit infestation, followed by ep izootics of CIOV ",h ich reduce 

larval popUlations to low levels (Keating et al, 1989). An investigation was conducted 

into the occurrence of CIOV in the citrus orchards during a fruiting season. A detection 

assay would be useful to determine the virus incidence in orchards and to investigate 

whether the incidences of virus could be correlated to other factors affecting the larvae. 

Mcasuring virus incidence has previously been a time consuming and labour intensive 

process. using microscopic examinations of cadavers to confirm the presence of virus. 

The development of a quick and relatively inexpensive screening assay is thus required. 

One such technique is to use radiolabelled vi ral DNA probes in a hybridisation assay to 

detect the presence o f viral DNA in larval extracts. Polymerase chain reaction (PCR) is 

another possible technique. 

6,2) MATERIALS AND METHODS 

Larvae were collected from two citrus orchards during two seasons. During the 1999-

2000 season larvae were collected weekly from the Potgieter and C'oetzec orchards, in the 

109 



Sundays river vall ey in the Eastern Cape. During the 2000-2001 season larvae were 

collected from infested fruit fi'om the Ferriera and Ri etfontein orchards. in the same 

region. The field-collected larvae were screened for CIGV using the dot blot assays and 

occasionally PCR. 

6.2.1) Dot blotting of larval DNA 

Dot blots permit rapid virus detection. Samples were applied directly onto nitrocellulose 

membrane under a vacuum through a multi-well dot blot filtration manifold. Samples 

were then fixed onto the filter. Hybridi sation of a probe was achie\'ed in the same way as 

with Southern blots and detection was by autoradiography. The technique used for dot 

bloning of samples was as follows: 

Each larva was assessed for its larval stage (J st, 2nd instal'S), the date of its collection and 

area of origi nation (Coetzee or Potgieter orchard). 20 J.(I of 10 % SDS and 200 J.(I of 0.2 M 

sodium hydroxide was added to each larva in an eppendorf tube. T he larva was squashed 

and then centrifuged at maximum speed in a bench top microtllge for 2 minutes. The 

supernatant was pipetted into a clean eppendorf. An equal volume ofTris-buffered phenol 

(pH 8) was added to the supcll1atant, which was mixed and centrifllged at maxim um 

speed for 2 minutes. The upper aqueous phase was extracted into a clean eppendorf. An 

equal volume of chlorofonn:isoamyl alcohol (24: I) was added and the tube was mi xed 

and cen trifuged as before. The upper aqueous phase was ex tracted again . The sampl e was 

then boiled for 2 minutes and cooled on ice briefly. 500 III of ice-co ld water was added. 

Samples were then ready for application onto the blotting manifold. Positive controls, 

which included larvae infected with CIGV (treated with the same process) and a CIGV 

DNA dilution seri es (to enable the concentration of virus present to be estimated), were 

also applied to the membranes. 

Individual larvae were blotted onto nitrocellulose from the Potgieter & Coetzee orchards 

and the Rictfontein & Ferreira orchards. Larvae from the Potgieter & Coetzee orchards 

were co ll ected from 22 December 1999 to 1 I May 2000 at regu lar interva ls. A total of 
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412 larvae were collected f'·om both these orchards. On average 60 larvae were dot 

blotted onto a single piece of nitrocellulose. During the 2000 to 2001 season 259 larvae 

were co ll ected (from 19til of December 2000 to the 9th of May 200 I), from the Ferreira 

and Rietfontein orchards . 

6.2.2) Assemblv of the blotting manifold 

The two halves o f the blotting apparatus were separated. A piece of nitrocellulose 

membrane (the size of the blotting mani fo ld) was hydrated in distilled water and then 

soaked brieily in 20 ml of 15 x sse buffer. A piece of Whatmans 3 MM paper (the size 

of the blotting manifo ld) was placed on the bottom half of the manifold with the 

nitrocellu lose membrane placed on the top hall'. The two halves were clamped together. 

The samples of larval DNA were applied to the wells with suction. Once the samples had 

passed through, 100 JLI of 6 x sse buffer was added to each well and passed through by 

suction . The mani fo ld was then di smantled and the nitrocellulose membrane al lowed to 

a ir-dry. The vira l D A was fi xed into position was exposing the blot to UV light for 5 

minutes on the transilluminator. Samples were blotted in every alternate rowan the 

manifold because larval DNA often leaked into adjacent wells. 

6.2.3) Development of probes 

Two techniques were used for the labelling of probes. For radioactive labelling, CIGV 

DNA was fragmented and labelled with J2 p using nick translat ion. For the non­

radioactive labelling. the granulin gene had DIG incorporated using random priming. 

6.2 .3.1) Labelling ofCIGY with .l2p 

Nucl eic ac id probes commonl y ha,·e radio labelled .l2p incorporated into the molecule, 

which permits its detection by autoradiographic techniques. Nick translation was used lor 

the incorporation of the .l2 p lahel into the CIGY DNA probe. 

10 JLI of CIGY DNA (approx imately 50 JLg) "as made up La 200 JLI wi th TE buffer ( 10 

mM, pH 8) and the DNA was fragmented by passing through a I 1111 syringe and 26 G 
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needle. The DNA was then preciptated with two volumes of 95 % ethanol and 111 Oth 

volume 3 M sodium acetate at - 20°C for 20 minutes. The precipitant was centrifuged [or 

5 minutes at maximum speed and the DNA pellet resuspended in 20 JlI TE butfer (10 

111M , pH 8). 4 JlI of DNA was electrophoresed on a I % agarose ge l to ensure that 

li'agmentation had occuned. 

NICK TRANSLATION 

In th is process, DNA polymerase I adds nucleotides to the 3' hydroxyl terl11inus that is 

created when one strand of the dsDNA molecu le is nicked. The enzyme, by virtue of its 

5' -3' exonucleolytie activity, remo ves nucleotides from the 5' side of the nick. The 

simultaneous addition of nucleotides on the 3' end and removal of nucleotides frol11 the 5' 

end results in the movement of the nick along the DNA. Existing nuc1eotides are replaced 

with highly radioactive ones, ensuring that the probe was radio labelled (Sam brook et ai, 

1989). 

The fo llowing mix was made up: 5.0 JlI ClOY DNA 

2.5 JlI 10 x nick translation buffer 

1.0 Jllun labelled dNTP 's (except dCTP) (10 mM) 

3.0 JlI 3000 Ci/mmol [32p dCTP] (50 JlCi) 

10.0/11 dd water 

21.5 JlI 

2.5 JlI of DNA Polymerase I (10 u/JlI) was added and mixed. The reaction was incubated 

for 1 hour at 16°C and telminated with I JlI of 0.2 M EDTA (pH 8). The unincorporated 

nucleotides were removed using the Quick spin columns (Roche). Refer to Appendix 5 

for th e protocol used. 

6.2,3.2) Measurement of radioacti vity 

Two Whatman OFI A glass fiber filters (25 mm in diameter) were impaled onto a 

polystyrene support. 2 Jll of the probe was spotted onto each fiiter, which were allowed to 

dry. One filter remained unwashed. The other filter was washed three times in 200 1111 of 
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5 % TCA/sodium pyrophosphate for 2 minutes with swirling. It was then transferred to 70 

% ethanol. where it was incubated briefly. Both filters were dried for 2 hours. They were 

then transferred to vials containing 5 ml of scintillation fluid and the counts per minute 

determ ined using the liquid scintillation counter. 

6.2 .3.3) Non-radioactive labeling of probes 

A safer technique for the labelling of probes was using non-radioacti ve [) IG (Roche) . The 

granu lin gene was iso lated using pe R and labell ed with DIG (Chapter 5). The protoco l 

used in the labelling and detection of DIG probes was discussed in Chaptcr 4. 

6.2.4) Hybridisatioll and detection 

For the probes labeled with radioactive .l2 P. hybridization buffer was warmed to 42°C. 

Refer to Append ix 5 for the solutions used. The hybridi zation buffer contained Denhardts 

reagent that blocked nonspec i Fi e attachmcnt of the probe to the filter and dextTan 

sulphate. which accelerated the rate of hybridization . 300 J.lI of sonicated calf thymus was 

added to 500 J.lI of double distilled water (final concentration of 100 J.lg/ml) and was 

boiled for 5 minutes and then cooled on ice for 10 minutes. The denatured DNA was 

added to 15 ml o r pre-hybridization buffer, in which the dot blots were incubated for 2 

hours at 42°e with agitation. The labelled probe was boi led fo r 5 minutes and cooled on 

ice for 10 minutes. Thereafter it was added to IS ml of hybridization buffer and the blots 

were incubated in th is butfer with probe overnight at 42°(" with agitation. TIle blots were 

then washed briefly in 2 x SSe, 0. 1 % SD to drain off the radioactivity. The next wash 

" 'as at room temperature for IS minutes in 2 x sse, 0. 1 % SDS. T,,'o washes at medi um 

stringency followed wi th both washes done twice. The first was in 4 x SSC, 0.1 % SDS 

for IS minutes at room temperature. The next wash was in 0.5 x sse, 0. 1 %, SDS for 30 

minutes at 65°(', The blots \vere pressed dry between sheets of Whatman paper. It was 

then placed into an autoradiography cassette LUlder X-ray film and incubated at - 70"(', 

The period of incubati on depended on how radioacti ve the probe was. The X-ray was 

latel' d<!v<!loped. 
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For the non-radioactive system, the hybridization and detection of probes labelled with 

DIG were performed as in Chapter 4. Detection was also via autoradiography. 

6.2.5) Polymerase chain reaction (PCR) 

PCR is generally used to amplify a segment of DNA that li es between two regions of 

known sequence. It results in an erticicnt exponential amp lifi cation oCthe target sequence 

(Sam brook el ai, 1989). To determine if the field-coll ected larvae were intected with 

CIGV, PCR was used to amplify the granul in gene. It was assumed that if a larva was 

infected with CIGV, the granulin gene would be amplified from the virus . PCR is a 

sensitive technique that is able to detect smal l quantit ies of DNA; therefore it was chosen 

for use in the detection of virus 11'om fie ld-collected lal-vae. 

Viral DNA was extracted fTom individual larva using a technique adapted from Moraes e/ 

(II (1998). Each laJ-va was macerated in homogenization butfer (see Appendix 5 fo r 

so lutions used) and centrifuged at 3000 g for 2 minutes to remove insect debri s. The 

pellet was resuspended in 500 f,ll I M Tris-HCI (pH 8) and centrifuged at 10 333 g for 10 

minutes. The pellet was resuspended again in 500 1'1 I M Tris-HCl (pH 8) and treated in 

1/3 of the tota l volume of an alkali solution to disrupt the granu les. The alkali-released 

virus was centrifuged at 10333 g for 10 minutes and resuspended in 500 f,l1 I M Tris-HCI 

for neutrali zation purposes. These crude DNA preparations were diluted 100 times and 

used as template for PCR amplification wi th the granu lin primers. The PCR cyc le on the 

PCRSprint (Hybaid), used for the amp li Iication of granulin is discussed in Appendix 4. 

6.3) RESULTS 

6.3.1) Labelling of probes 

6.3 .1.1) Radio labelling with -'2p 

To determine if the probe had successfully incorporated the 32p label. the counts per 

minute (cpm) were detelll1ined using th e liquid scintillation cou nter. The cpm of the 

probe is shown in Table 10. indicating that the probe had incorporated the l2 p. The co unts 

obtained from the washed probe were high and not significantly lower than that of the 
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Table 10: The counts per minute determined from the 32p labelled probe. 

VOLUME OF PROBE COUNTS PER MINUTE 

UNWASHED 2 fll 466840.00 cpm 

WASHED 2 fll 389648.00 cpm 

6.3.1 .2) Labelling of probes with a non-radioactive label 

The granulin gene was labeled with DIG. Since the total volume ofthe probe was required 

for the hybridization and detection, it was not determined iflabelling was successful. 

6.3.2) The detection of CIGV from the dot blots 

Signals produced on X-ray film indicated that the SaD3ple contained ClGV DNA The 

results of probing two such dots blots with a radioactive and a non-radioactive probe are 

presented in Figs. 42 & 43. In Fig. 42, the binding to a ClGV DNA dilution series, from 8 

IlglmJ to 2 Ilglml, was shown in row 1. Concentrations of 8 J.lg/mJ to 2 IlglmJ of CIGV 

DNA were detectable on the blot. In row 7 a positive signal for a field-collected larva 

from the Potgieter orchard was detected. No other signals were produced indicating that 

all other larvae were virus free . The DIG labelled probe was used for this blot. In Fig.43, 

row I contains 7 CIGV infucted larvae that all produced positive signals. Viral DNA 

appeared to have spilt over into the adjacent lanes. The DNA dilution series as above was 

included in row II. One field collected larva (row 7) produced positive signal when 

probed with the 32p labelled probe. The larva was collected from the Rietfontein orchard 

on the 20th of March 2001. 

Both probes were successful in binding to the target DNA since the diseased larvae and 

CIGV DNA both produced positive signals in every blot. Smeared signals occurred on 

certain blots due to the leakage oflarval DNA into neighbouring wells. The addition of an 

extra layer of Whatman paper on the bottom half of the blotting manifold generally limited 

the amount of leakage. Each dot blot was assessed for the presence of ClGV and the 

results are presented in 6.3.5. 
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2 3 4 5 6 7 

1 - ClGV DNA dilution series 
2 - Coetzee Orchard - 22112/99 
2 - Potgieter Orchard - 13/01 /00 
3 - Potgieter Orchard - 19/01 /00 
4 - Potgieter Orchard - 02/02/00 
5 - Potgieter Orchard - 16/03/00 
6 - Potgieter Orchard - 23/03/00 
7 - Potgieter Orchard - 24/02/00 

Figure 42: Probing of a dot blot with a DIG-labelled ClGV probe. 

1 2 3 4 5 6 7 8 9 10 11 

Figure 43: Probing of a dot blot with a 32p labelled probe. 

6.3.3) PCR detection of CIGV 

1 - ClGV infected larvae 
3 - Rietfontein - 31 /01 /01 
5 - Rietfontein - 14/02/01 
7 - Rietfontein - 20/03 01 
9 - Rietfontein - 24/04/01 
11 - ClGV DNA dilution 
series 

Single larvae were selected from the Rietfontein and Ferreira orchards and ClGV was 

detected using PCR. The granulin primers were used and if the larvae were infected with, 

ClGV, a PCR product of 747 bp would be produced. Fig. 44 presents some of the results 

obtained. A positive control (granulin PCR product) was included in lane 12. There were 

granulin PCR products present on the I % agarose gels (lanes 3, 4, 7, 9 and 10), 

indicating that those larvae wer~ infected with CIGV. The results of the PCR w<::re 
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CIGV, a PCR product of747 bp would be produced. Fig. 44 presents some or the results 

obtai ned. A positive control (granulin PCR product) was included in lane 12. There were 

gran ul in PCR products present on the I % agarose gels (lanes 3, 4, 7, 9 and 10), 

indi cating that those lan'ae were inl'ected with CIGV. The results of the PCR were 

correlated with the results of the dot blotting to determi ne if the incidence of virus 

detection was the same using both techniques. 

2 3 4 5 6 7 8 9 10 II 12 

I - )JBsIE II marker 
2 - Ferreira - 20102/0 I 
3 - Rietfoll1ein - 10/0410 I 
4 - Rietfontein - 18/04/01 
5 - Rietfontein - 20/02 /0 I 
6 - Rietfontein - 28/02 /0 I 
7 - Rictfomien ." 14/02/0 I 
8 - Ferreira - 27103101 
9 - Rietfontein - 24/04/0 I 
10 - Reitfontein - 7/05 '01 
II - Rietfontein - 20/02/01 
12 - control ~ granll iin 

Figure 44: Detection of CIGV fi'om lield collected larvae using PCR. 

6.3.4) The incidence of ClGV in citrus orchards 

T he data obtained fj'om the dot blotting and PCR reactions were used to detemline the 

incidences of CIGV in the orchards, as wel l as to indicate any trends in infection. The 

results li'om the Potgieter and Coetzee orchards are presented in tabl es below. The 

incidence ofCIGV was moni tored from December 1999 to May 2000 and the number and 

percentage of larvae that were infected with vi rus were recorded in Table I I, 

Table 11: Nu mber o rinrected larvae detected fi'om each collection date . 

DATE 22/ 12 \2/01 13/01 19/01 26/01 02102 09/02 16/02 24/02 

POTG I ETER 2/6 3/6 0/0 0/6 1/4 0/0 2/4 0/0 1/5 

% 33 % 50 % 0% 0% 25 % 0% 50% 0% 20 % 
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COETZEE 0/0 2110 0/0 2110 317 11 /22 2/33 0/60 3/49 

% 0 % 20% 0 % 20% 43 % 50 % 6 % 0 % 6% 

DATE 02/03 16/03 23/03 31 /03 06/04 13/04 20/04 04/05 11/05 

POTGIETER 1/3 0/4 0 0 0 0119 0 0113 017 

% 33 % 0 % 0% 0 % 0 % 0 % 0 % 0 % 0% 

COETZEE 0/35 0/9 3/9 0116 0117 2/36 011 6 3/44 0 

% 0 % 0 % 33 % 0 % 0 % 6 % 0 % 6 % 0 % 

The instars that were in fected and the percentage of infection from these orchards are 

tabulated in Tables 12 & 13 and illustrated in Fig. 45 . 

Table 12: Infectivity in di fferent instars 

1st instar 2nd instar 3'-u instar 4th instar 5"' instar 

Potgieter 1/ 10 1/4 311 7 0/5 111 1 

Coetzee 0128 5/63 13/96 2/27 5/9 1 

T able 13: Percentage infecti vity in di fferent instars 

I" instar 2nu instar 3'"0 instar 4th instar SIn instar 

Potgieter 10 % 25 % 18 % 0% 9 % 

Coetzee i 0% 8% 14 % 7 % 5% 
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Figure 45: The percentage infectivity of different instars 
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A ClGY DNA dilution series was included on the blots. This assisted in determining the 

concentration of virus present in the field-collected larvae. These results are presented in 

Table 14 and Fig. 46. 

Table 14: The concentrations of ClGY detected in field-collected larvae. 

V1RUSCONC. 8 !!glml 4 !!glml 2 !!g/ml 

POTGIETER % OF LARVAE 10% 30% 60% 
INFECTED 

INSTAR 3 ro _ 5th instar 3'd _ 4th instar 2nd - 3'd instar 

INFECTED 

COETZEE % OF LARVAE 21 % 68% 7% 
INFECTED 

INSTAR 3 ro _ 5th instar 3'" - 4th instar 2no _ 3'd instar 

INFECTED 
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Figure 46: Number of infected larvae containing virus at the indicated concentration. 

Using the information from the tables and graphs, deductions can be made about the 

incidence of ClGV in these orchards. These deductions will be explained in section 6.4. A 

smaller study investigating virus incidence in the Rietfontein and Ferreira orchards during 

December 2000 to May 2001 was conducted, with the results presented in Tables 15 and 

16 and Fig. 47. A total number of 177 larvae were collected from stung fruit in the 

Rietfontein orchard and 82 from the Ferreira orchard. The incidences of ClGV are 

presented in Table 15 . 

Table 15: Number of infected larvae in the Rietfontein and Ferreira Orchards 

DATE 19/12 25/01 01101 02/01 09/01 16/01 17/01 23/01 31101 

RIETFONT - - - - - - - - -

% - - - - - - - -
FERREIRA 0/3 0/17 0/4 0/16 0/16 0/2 0/8 0/4 0/14 

% 0 % 0% 0 % 0% 0% 0% 0% 0% 0% 
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RIETFONT. 0/3 0/6 0113 0113 0/4 0/3 1/4 0/2 112 

% 0 % 0 % 0 % 0 % 0 % 0 % 25 % 0 % 50 % 

FERREIRA 011 0/5 0/4 0112 0/3 0/2 0/4 011 Oil 

% 0 % 0 % 0 % 0 % 0 % 0 % 0% 0 % 0 % 

DATE 07/04 10/04 18/04 24/04 02/05 09/05 

RIETFONT. 0/4 1/ 10 2/5 1/6 - 4/8 

'Yo 0 % 10 % 20 % 16 % - 50 % 

FERREIRA 0/3 0/2 0/6 - 0/3 0/8 

% 0 % 0 % 0 % - 0 % 0% 

(-): No larvae were co ll ected on that date. 

The frequency of larvae infected with ClOY in the Rietfontein orchard was 12 % and the 

Ferreira orchard had a 0 % infecti on. The different instal's that were infected in the 

Rietfontein orchard were as follo\\"s: 

T able 16: The infection fi'equency of instal's in the Rietfontein orchard 

I" lNSTAR 2,,,IINSTAR 3'0 lNSTAR 4tn INSTAR 5" INSTAR 

RIETFON. 111 1 6/23 0117 019 2/25 

% 9 % 26 % 0 % 0% 8% 

Fig. 47 illustrates the percentage of in fec tion in the different instars in the Riett(llltein 

orcha rd. 
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Figure 47: The percentage of each larval instar infected with ClOY 

Figs. 48 and 49 illustrate the percentage offruit covered with eggs, and the percentage of 

FCM-induced fruit drop per tree, from the Rietfontein orchard. The release and transition 

areas were two different sectors ofthe orchard. Numbers 1-14 are the collection dates of 

larvae from the Rietfontein orchard presented in Table 15 (06/02 to 09/05, excluding 

02/05). This data could be correlated to the incidence of ClOY detected in the orchard, 

and a trend of ClOY occurrence established. Deductions regarding ClOY incidence is 

discussed in 6.4. 
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Figure 48: The number offruit covered with FCM eggs in the RietfbIitein 

orchard. 
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Figure 49: The number of fruit that fell due to FCM infestation 

6.4) DISCUSSION 

Transition 

o Release 

These experiments demonstrate the feasibility of using labelled DNA probes in 

hybridization assays to determine virus incidence in field-collected larvae. The dot blot 

technique was advantageous since it was not labour intensive, many samples were probed 

for ClGV simultaneously and it was quick. The amount of virus in each larva could be 

estimated by comparison with standard amounts of purified viral DNA. This technique 

could significantly improve the accuracy of estimation of virus incidence in field 

populations. It now may be possible to test larvae to determine their cause of death. If 

death was due to ClGV infection, then highly specific DNA probes would be able to 

detect this. 1bis technique thus reduces the uncertainty and ambiguity of microscopic 

diagnosis. It also may be possible to adapt the technique to detect viral DNA in adults, 

eggs, pupae and environmental samples (soil or leaves). The use of non-radioactive probes 

is filvoured since these probes are far safer and more stable. 

peR is a highly sensitive technique and is able to detect smaller quantities of ClGV. It 

would be an ideal technique to use for the screening of field populations oflarvae, but due 

to the high costs involved dot blotting proved to be more feasible since large numbers of 

larvae are processed in bulk at a cheaper cost. 
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Frol11 the results of the tield studies, it was detellllined that CIGY was detected in both 

the Potgieter and Coetzee orchards. The vi rus infected the larvae throughout the season, 

but most infections occurred in January, February and March 2000. In the Coetzee 

orchard. sign iticant detection ofClGY occLJn'ed in January and February with 50 % oflhe 

larvae screened on the 2'''1 of February infected with CIGY. The incidence of ClGY 

dropped in March, April and May. Most of the infected larvae were in the 3"" instal' stage 

and most were in fected with approximately 4 f.l.g virus/ml of insect extract. In the 

Potgieter orchard, CIGY was detected from late December to earl y March, with the 

incidence of virus decreasing ti'om March to May. Mostly 2nd and 3rd instal's were 

infected at a level of approx imately 2 f.l.g virus/ml insect extract. 

A signifi cant result was obtained for the Ferriera orchard in that no CIGY was detected 

throughout the season. Tn the Rietfontein orchard, CIGV was detected in April and May. 

The trend was that little to no infect ion occuned early in the season with an increase in 

vi rus incidence later in the season. Mostly 2"d instal's were infected, with no 3,,1 and 4th 

instal's showing any infection. The results of the peR detection confirmed the incidence 

of CIGY in both these orchards. Larvae fi'om the FeITeira orchard that were screened 

usi ng PCR also produced no PCR product. Thi s confirmed the dot blott ing results, that no 

CIGY was detectable in that orchard . Larvae Ii'om the Rietfon tein orchard that were 

sc reened using PCR , confirmed that the incidence of CIGY was high du ring Aptil and 

May and low during the rest of the season. 

In order to detemline any trends in the orchards with regard to the incidence of vi ru s, the 

number of moths present, the percentage of fruit with eggs and the percentage of fi 'uit 

in fested with larvae, were noted in the Coetzee and Potgieter orchards (S Moore, personal 

commun ication). By correlating this informati on '" ith the incidence of ClGY, it was 

determined that the infestatio n of frui t with larvae and eggs and the occurrence of adu lt 

moths decl ined significantly when the incidence of CIGY increased. When CIGY 

occurrence declined , there were mOre adu lt moths present, more FCtvl eggs were laid on 

fj'uit and the larvae infested a higher percentage of fruit. This study enabled the incidence 
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of virus to be monitored throughout the season. Significant deductions can be made from 

these results : 

• When the insect population size grew, more eggs covered each ii'uit, more 

li'uit became infested and increasing numbers of fruit fell from the trees, and 

the incidence of ClOY was low. 

• However, those conditions led to an outbreak of CIGY . When the virus was 

detected in the orchard, the infestation of fruit fruit fall and numbers of moths 

all declined. 

In the Rietfontcin orchard, the same tTend was determined as in the Coetzee and Potgieter 

orchards. The percentage of fruit with eggs and FCM fi'Ltit drop are presented in Figs. 48 

& 49. Th is data was cOlTelated with the dot blotting and PCR resu lts. CIGY was detected 

in the Rictfontein orchard from the 20th of March to the 9th of May. There were a large 

number of eggs on the frui t and many fhtit had fallen fr0111 the trees prior to ClOY being 

detected in the o rchard (6th Feb - 18 March). Following the OCCUITence of CIGY (20th of 

March to the 9th of May), both the num ber of eggs laid on the fruit and the number of frui t 

fa ll en fi'0111 the trees, decreased for both the release and transition areas. The number of 

ad ul t moths al so declined once ClOY was detected in the orchard. 

Since infestation of fi'lIit by this pest is minimal when ClOY is present, it can be 

concluded tha t ClOY would be an effecti ve control agent agai nst FCM. 
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CHAPTER SEVEN: FINAL DISCUSSIONS AND FUTURE 

PROSPECTS 

7.1) THE srZE OF THE Cr)lptopblebia /ellcotreta GRANULOVIRUS GENOME 

Genome sizes for different members of the baculovirus fami ly vary from 90 to 160 

kbp. The wide vari ation in size of the baculovirus genomes indicates that some 

members may lack many of the genes present in other members of the family (Miller 

el ill. 1997). The size of the genome of C IGY -SA was ca lculated by summating the 

molec ular weights of each band produced in a restriction enzyme digest. The bands 

had to be separated such that each band could be visualised on an agarose gel, to 

ensure that all bands were accounted for. The size of each band was then calculated 

using the molecular weight markers and Program gel computer program. The size of 

the genome was estimated to be I 12 kbp. Therefore the size of the CIGY -SA genome 

proved to be the same as the si ze of CIGY-CY3 (Cape Verde iso late), which was 

determined to be 112 kbp by Jehle & Fritsch (1992) . The genome size of other 

granuloviruses ranges from 100 kbp (Adoxophves orallil GV) to as large as 125.6 kbp 

(Cyciia pomenella GV). However the size of the CIGY-SA genome was found to be 

very similar to Artogcia rapae GV. which was calculated to 110 kbp. The genome 

sizes of the nllcleopolyhedroviruses lie within the same range as the granlliovirllses. 

7.2) A COMPARlSON BETWEEN THE SOUTH AFRICAN ISOLATE OF 

Cl'Jl{Jtopblebia /eucotreta GRAi'lULOVIRUS WITH THE CAPE VERDE 

ISOLATE OF THE VIRUS 

An investigation into the similarity or differences between tbe two isolates was 

conducted, by comparing their restriction enzyme profiles and physica l maps . Viral 

DNA was digested, singly and in combination, with a vari ety of restriction enzymes. 

The profiles produced were then compared. It was found that the CIGV -SA and 

CIGV-CY3 profiles differed significantly for each restriction enzyme. Restriction 

enzyme sites that were present in the CIGY-CY3 were absent in the C IGY-SA. 

Likewise new sites were present in CIGV-SA. For example, the largest fragment in 

the EcoR I digest of CIG" -CV3 is 17.0 kbp, but this fragmen t was absent in the 

C IGV-SA profile due to a si te being lost on the genome. There are 4 fragments in the 

Sac I digest of CIGV-SA while the CIGV-CV3 digest was found to have on ly 3 

126 



fragments. The BamHI digest of ClOY-SA was fOllnd to have 9 fragments, as 

opposed to the II fragments in the CIOY-CY3 digest with BamH!. In the Kpnl 

profile, fragments sized 22.2 kbp and 1!.8 kbp were present in the ClOY -SA profile 

but absent in the CIOY-CV3 profile. These differences were distributed throughout 

the genome for all the restriction enzymes used. These resu lts showed that the iso lates 

were very di fFerent. Relatedness is correlated to geographical origin (Crook, 1985). 

The CIOV-SA iso late is therefore distinct when compared to the Cape Verde iso late. 

Five physical maps were constructed for BamHI, EcoRl, Kpnl, Sacl and Xho !. 

These maps were aligned with the CY3 physical maps for the same enzymes 

(constructcd by Jeh le & Fritsch, 1992). The alignments rcvealed differences between 

the isolates. For example, in the Xhol digest fragment A in CJOY-SA is 57.5 kbp. But 

in CIOV-CV3 fragments B, C and D make up fj'agment A of the South African 

isolate. Th is indicates that two Xhol sites were lost in CIOV-SA to create the large 

fi-agment A. In the Sacl digest of CIOV-CV3, there are only 3 fragments while in 

CIOV-SA there are 4 fragments. A new site was created in fj'agment A ofCIOV-CV3, 

to produce fragments A and D in CIOV -SA. Restriction enzyme sites were lost and 

new sites created in ClOY-SA. These results con fimled the fact that the two isolates 

differ. 

7.3) THE GRA ULIN AND egt GENES 

The granu lin gene is the most widely sequenced gene among the granuloviruscs. The 

gene was amplified successfu lly from the ClOY-SA genome, by PCR. Its position in 

the genome located. The gene was then used as the zero point for the construction of 

the physical maps. The gene was sequenced and this sequence compared to the 

granulin gene of the CIOY-CV3 isolate. Alignments of the two genes revealed (hat 

only six nucleotides differed between them. Their amino acid sequences were 

identical. This result COnfill11S that the granulin gene is highl y conserved. 

The egl gene blocks the moulting of the insect, resulting in greater feeding and more 

crop damage. An egt strain of virus is reported (0 calise the insect to moult soon after 

infection, thus limi ting crop damage and increasing the speed of kill of the vi rus 

(Crook el ai, 1997). An egt negative genotype into which a fOl'eign gene is inserted 

may be an attractive and feasible alternative for the genetic improvement of 
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bacllioviral pesticides (Smith & Ooodale, 1998). egt ~ strains of virus have already 

been engi neered for CpOY. This gene is not highl y conserved~ Therefore, to isolate 

the gene from the CIGY-SA genome, conserved regions from the alignment of other 

gr3n lliov irus egl sequences had to be detemlined for the desi gn of primers for the 

amplification of the gene using PCR. The position of the gene was then located in the 

genome. The data suggests that the egl gene is located very close to the granulin gene, 

as in CIOY-CY3~ The ClOY-SA egl gene was then sequenced and aligned with other 

granu lovirus egt sequences~ The alignments revealed considerable differences 

between the CIGY-SA sequence and the other egr seqllences~ The translation of the 

sequence produced many stop codons suggesting that it contained many errors. These 

results suggest that the sequence obtained is an incomp lete one and further sequencing 

of the gene is required. However it can be deduced that the gene isolated is in fact egt. 

7.4) THE DETECTION ASSAY FOR CI'Vptoplr lebia leucotreta 

GRANULOYI RUS 

An investi gatioo into the incidences of CIGY in natural populations of FCM larvae 

was conducted. The aim was to find a technique that cou ld successfully detect CIGY 

in the field -collected larvae, and to detemline if any trends regarding the incidence of 

vi rus in the orchards existed~ Dot blolling of larvae proved to be feasible since many 

larvae cou ld bc blotted on a single blot using a quick and inexpensive technique. 

Nucleic acid probes, either rad io labell ed or non-radio labelled, were successful in 

detecting CIGY fr0111 collected larvae and in positi ve controls of infected larvae and 

ClOY DNA. Although both probes achieved the same outcome, the non-radio labelled 

DIO probe was favou red due to its safety and stabil ity. The PCR detection assay for 

CIG\' proved to be a relatively quick detection system that was able to detect very 

slllali quantities of vi rus effective l y~ PCR is by far the more sensitive technique for 

the detection of CIGY~ However, the cost of the enzymes used in PCR for the 

amplification of DNA is high, therefore thi s technique has proved to be very 

expensive. Dot blotting of samples and the probing with labelled probes has proved to 

be the \11ost suitable techn ique for detecting vi rus. This method is inexpensive, allows 

the rapid screen ing of hundreds of samples and is not labour intensive. 

From the study conducted in the two sets of orchards during two fruit ing seasons, 

certain trends regarding the incidence of CIGY cou ld be detennined . The occurrence 
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of vi rus was greater at certain times during the scason. When the larval populations 

grew, thc number of infested fruit increased. as well as the number of larvae and 

moths. The increased numbers of moths were found to lay more eggs on fruit and as a 

result, more fruit fell from the trees. The incidence of CIGV in the orchard then 

became higher. Once CIGV was detected, the virus was able to limit the numbers of 

moths and larvae as well as the number of fruit infested. This trend was ev ident in 

both studies that were conducted. CIGV was detected in three of the four orchards 

screened, with the Feneira orchard remaining vi rus-free. In the first study, it was 

found that most of the infected larvae were in the 3r~ instru· stage and most were 

infected with approx imately 4 jLg virus/ml of insect ex tract. In the Rietfontein orchard 

(second stud y), mostl y 2",1 instars were infected, with no )'"" and 4 1h instars showing 

any infection. It was also evident that CIGV was prevalent in the orchard towards the 

end of the season . The results of the PCR reactions confirmed these findings and that 

the Fen eira orchard was virus-free. 

7.5) FUTURE WORK 

Due to its sa fety and high specificit y against its target host, CIGV offers an att racti ve 

alternative to chem ical pesticides. The vi rus may soon be used on a commercial level. 

Field trial s investigating the effi cacy of CIGV and a suitab le fornlulation of the virus, 

i.e. one that prevents the breakdown of the occlus ion body by UV light , are requi red. 

Once the ability of CIGV to control natural larval populations is known, the virus 

could be further engineered for use commercially. 

On a molecular level , the egt gene needs to be sequenced completely in both 

directions to produce a dependable sequence of the gene. A phylogenetic analysis of 

the gene with other granulovirus and nucleopolyhedrovirus egl genes can be 

established. Other genes, e.g. cathepsin, ch itinase and enhancing, cou ld be isolated 

and identified. Cathepsin and chitinase functi on together to faci li tate host cuticle 

breakdown after death, ensuring the release o f progeny virus into the envi ronment for 

horizontal transmission (Miller et 01, 1997). Enhancin faci litates virus-host cell fusion 

and the di sruption of the peri trophic membrane, thus contributing to viral progeny 

(Mi ller e/ (11.1997). Manipul ati ons of these genes could enhance the properties of the 

virus. enabling it to kill the larval host faster. An egf strain of CIGV would be of great 

benefit, since the virus without a functional egl gene would cause larvae to moult, 
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thereby limiting the damage done to the crops. A cell culture of CIGV would 

therefore be required to enable these manipulations to be perf0n11ed. Future work on 

the project could also include obtainillg a genotypically pure strain of virus for 

manipulations. Baculoviruses ollen occur as a mixture of genotypes. It wou ld be 

desirab le to work with a cloned strain of a single genotype to el iminate variab ili ty. 

The estab lishing of a C.leucolrela cell cult ure wou ld fac ilitate the study of CIGV and 

the subsequent engineering ofCIGV as a suitable biological contro l agent. 
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APPENDIX 1: VIRUS PURIFICATIO AND DNA EXTRACTION 

1) Virus purification 

0. 1 % SDS (] 00 m]) 

0.1 g SDS 

100 ml water 

80 % GLYCEROL (50 ml) 

10 ml 0.1 % SDS 

40 ml glycerol 

30 % SDS (50 m]) 

35 ml 0.1 % SDS 

15 Illi glycerol 

2) DNA extractions 

I M Tris-HC I (pH 8) 

Dissolve 121. 1 g of tri s base in 800 1111 of distilled water. Adjust pH to 8 with HC!. 

Make up to I L and autoclave. 

TRIS-BUFFERED PHENOL (pH 8) 

Melt 100 g of phenol at 68°C and then add an equal volume of 0.5 M Tris-H CI (pH 8) 

at room temperature. Stir on magnetic stilTer fo r I S min utes. When the two phases 

have separated, asp irate the upper aqueous phase. Add an equal volume of 0.1 M Tris­

HCI (pH 8) to the phenol and stir. Extract the upper aqueous phase. Repeat the 

extraction procedure unlil the pH of the phenol is greater than 7.8 . Add 0. 1 x volume 

of 0. 1 M Tri s-HCI (pH 8) containi ng 200 ILl of !1-mcrcaptoethanol and store the 

phenol at 4uC in dark bottle. The phenol shonld be made in a fume hood and pH 

checked using pH paper. 

CHLOROFORM: ISOAMYL ALCOHOL (24: 1) (] 00 m]) 

96 ml of chloroform 

4 ml of isoamyl a lcohol 
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95 % ETHANOL (] 00 111 1) 

95 1111 of pure ethanol 

5 111 I of water 

Store at -20 "c. 

70 % ETHANOL (lOa ml) 

70 ml of pure ethanol 

30 ml water 

Store aI - 20°C. 

!O % SDS (100 ml) 

10 g SDS 

1 00 1111 water 

Warm to 65°C to allow SDS to disso lve. 

3 M SODIUM ACETATE (1 L) 

408. 1 g sodium acetate 

800 ml water 

Adjust the pH to 7 with dilute aceti c acid. Make up to 1 Land sterilj se by autoclaving. 

I M SODIUM CARBONATE (200 1111) 

22 g sodium carbonate 

200 1111 water 

Stelilise by autoc laving. 

0.01 M EDTA (1001111) 

0.327 g EDTA 

100 ml water 

PROTEINASE K (25 mg/ml) 

0.0025 g Proteinase K 

11110fwaler 

Store at - 20°C. 
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RNase A 

Dissolve 0.1 g of RNase A powder in 1 !TIl of water. 

TE BUfFER (1 0 mM TrislHCI, pH8.0, 0.1 M EDTA) (J L) 

12 1 . I g h'i s base 

211110.5 M EDTA (pH 8.0) 

Make up to 1 L with distilled water and adjust. pH to 8.0 with concentrated HC!. 

Sterili se by autoclaving. (pH the tris to 8.0 before adding the EDTA and top lip to 

1 L). 

3) Genomic tips Q20 (Qiagen) 

SOLUTION 1 (1001111) 

4.382 g sod ium chloride (750 mM) 

1.046 g Mops (4-morpholine-propanesulfonic ac id) (50 mM) 

pH to 7.0. 

BUFFER OTB (50 1111) 

2, 19 g sodium chloride (750 111M) 

0.523 g Mops (4-morpholine-propanesulfonic acid) (50 mM) 

7.5 ml isoproponol ( 15 %) 

0.075 ml Triton X- I 00 (0.15 %) 

pH to 7.0. 

BUFFER OC (50 ml) 

2.922 g sodi u111 chloride (1 M) 

0.523 g Mops (4-l11 orpholine-propanesulfonic acid) (50 111M) 

7.51111 isoproponol ( 15 %) 

pH to 7.0. 

BUFFER OF (50 1111) 

7.5 ml isoproponol (15 %) 

1.1 g tris base (50 111M) 

3.65 g sod ium chloride (1.25 M) 

pH to 8.5 with He!. 
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APPENDIX 2: THE ANALYSiS OF Crvptoph/ebia lellcotreta GRANULOVIRUS 

DNA 

I) DNA agarose gels 

1 % AGAROSE GEL 

0.7 g agarose powder 

7111110 x TAE 

63 ml distilled water 

Dissolve in microwave for 2 minutes. The gel is allowed to cool before 4 ILl or 10-

Illg/ml ethidium bromide solut ion is added. Cast into a gel tTay and allo\\" setting. 

0.7 % AGAROSE GEL 

0.84 g agarose powder 

12mliOxTAE 

108 ml distilled water 

Dissolve in microwave for 2 minutes. The gel is allowed to cool and then cast into a 

large gel tray. 

ETH ID1UM BROMIDE (10 mg!ml) 

Dissolve 0.1 g of ethidium bromide powder in 1 ml of water. 

DNA LOADING BUFFER (6 x) 

0.25 % bromophenol blue 

0.25 % xylene cyanol 

30 % glycerol 

lOx TRIS ACETATE EDT A (TAm BUFFER (! L) 

48.4 g tris base 

20 ml EDT A (0.5 M) 

1 1 .42 1111 glacial acetic acid 

Make up to 1 L with water and autoclave. 

l Ox TRIS BORATE EDTA (TBE) BUFFER (J L) 

107,8 g tris base 
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55 g boric acid 

7.44 g di -sodium EDT A 

Make up to 800 ml with water and pH to 8.3 with boric acid. Make up to 1 Land 

autoclave. 

RUN LNG BUFFER (0.5 x TAE) 

20mlLOxTAE 

380 ml water 

WBstE 11 MARKER 

Digest 260 1.1I " DNA (0.25 j.tg/j.tl) with 24 j.tl of lO x buffer D and 10 I.d of BstE II 

enzyme for 3 hours at 60°C. Check that the digest is successful by running 8 j.tl 011 a I 

% TAE gel. To 200 j.tl of the di gest, add 550 j.tl TE buffer (10 mM, pH 8) and 150 j.tl 

loading buffer (6 x). Dispense into eppendorfs (300 j.tl volumes). 

Wffind III MA RKER 

Same as above, but digest" DNA with Hind III enzyme and buffer B ( lOx) at 37"C 

for 3 hours . 

2) The construction of the plasmid library 

LURI.\ BROTH ( I L) 

109 tryptone 

109 sodium chloride 

5 g yeas t extract 

Add 800 ml of water. Adjust pH to 7 with sodium hydroxide (5 M) and then make up 

to I L. Autoclave. 

LUR1A BROTH I AMP PLATES 

Same recipe as above, plus 15 g of nutrient agar. pH to 7 with sodium hydroxide (5 

M). Autoclave. Add 1 j.tl of ampicillin (10 mg/ml) per I IllI of broth. 

AMPICILLIN STOCK 11 00 mg/ml) 

Dissolve I g of ampicillin powder in 10 IllI ddd water. Aliquot into 10 eppendorfs and 

store at - 20" C. 
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5 M SODIUM HYDROXIDE (100 ml) 

4.20 g sodium hydroxide 

100 ml water 

[PTG (lSOPROPYLTHlO-B-D-GALACTOSIDE) 

0. [2 g lPTG 

5 ml water 

Filter steril ise and dispense 500 ILl into eppendorfs. Store at - 20° C. 

X-GAL (5-BROMO-4-CHLORO-3-lNDOL YL-B-D-GALACTOSIDE) 

0.01 g 5-bromo-4-ch[oro-3-indoyl-{:i'-D-galactoside 

2 ml N-N-dimethyl-formamide 

Dispense into eppendorfs (500 ILl volumes) and cover eppendorfs in foil. Store at -

20"C. 

GL YCEROLILB MEDIA (500 Ill]) 

250 ml glycerol 

250 ml LB media 

3) Alkaline lysis method for plasmid DNA isolation 

White colonies are subcultured in 5 ml LB/AMP test tubes overnight at 37°C. Streak 

out co lonies onto LBI AMP plates, incubated overnight at 37°e. 

Plasmid extractions are carried out as follows: 

• Transfer 1.5 ml of culture to an eppendorf and centrifuge for 1 minute at 

13 000 g. Remove medium by vaccum aspiration, leaving the pellet as dry 

as possible. 

• Resuspend the pellet by vortexing in 100 ILl of ice-cold lysozyme solution 

and stand for 5 minutes at room temperature. 

• Add 200 ILl of a fresh NaOH/SDS solution and mix by inverting the tube 

2-3 times (do not vonex). Store on ice for 5 minutes. 

• Add 150 ILl of acetate neutral ising solution and vortex the tube gently at 

low speed in an inycrted position for 10 seconds. Store on ice for 5 

minutes. 
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• Centri fuge for 5 minutes. 

• Remove the supernatant into a clean tube and extract with equal volumes 

(400 J.l.1) of phenol and chloroform:isoamyl alcoho l (24:1) . Centrifuge for 5 

minutes and remove the upper phase. Re-extract with an equal volume of 

chloroform:isoamyl alcohol on ly, centrifuge again and keep the 

supernatant. 

• Add two vol umes (900 J.l.1) of 95 % ethano l, mix by vOl1exing briefly and 

stand at room temperature for 2 minutes. Centrifi.l ge for 5 minutes at room 

temperature to obtain a DNA pellet. 

• Remove the supernatant, gently rinse the pellet wi th 500 J.l.1 of 70 % 

ethanol , cenni fuge again and air illy the pellet for 15 minutes . 

• Add 20 J.l.1 of TE/RNase and vortex to di sso lve. Incubate at 37°C for 30 

minutes. The yield of plasmjd is usually 5-10 J.l.g. Store at ~20°C. 

ACETATE NEUTRALISING SOLUTION (l00 ml) 

24.9 g potassium acetate 

I 1.5 ml g lacial acetic acid 

Make up to 100 ml and filter sterilise 

L YSOSYME SOLUTiON 

To I ml of the Iysosyme solution, add 0.004 g Iysosyme. 

SODIUM HYDROXIDE /SDS LYSIS SOLUTION (8 ml) 

7.28 ml water 

0.8 milO % SDS 

0.321111 sodium hydroxide 

Make lip just before use. 

TE/RNASE (I ml) 

I 1111 ofTE buffer (10 mM, pH 8) 

2 J.l.1 of RNase A (10 mglml). 

137 



SMART PREPS 

• Add 1.5 ml of culture to an eppendorf 

• M icrofuge for 60 seconds. 

• Vacuum suck the supematant till the pellet is dry. Conduct process twice. 

• Resuspend pellet in 50 J.LI Smart buffer. 

• Incubate at 37"C for 15 minutes. 

• Coolon ice for 5 minutes. 

• Boi I at 100"C for 90 seconds. 

• Microfuge for 10 minutes. 

• Transfer supernatant to clean eppendorfs . 

SMART BUFFER 

100 J.LI I M Tris-HCI, pH 8.0 

100 J.LI 100 111M EDTA 

3.75 ml 40 % sucrose 

200 J.LI 5 mg!m l BSA 

500 J.LI 4 mg/ml RNase A 

20 mg Lysosyme 

Make up to 10 ml with distilled water and dispense into 0.5 ml aliquots. Freeze at -

20° C. 

4) Transformations 

PREPARA TlON OF COMPETENT E.coli CELLS (HEAT SHOCK) 

Competent E.coli cells were prepared by inoculating 5 ml of LB with DH5a cells. 

These are allowed to grow ovemight at 37"C. A I OO-J.LI aliquot was plated onto an LB 

agar plate. The cells, which had grown to confluence the fo llowing 1110l11ing, were 

scraped off the agar plate and added to LB broth. Four LB flasks of 1001111 each were 

inoculated wi th 1.5, 1,0.7 and 0.3 1111 of the pre-inoculum and incubated at 37°C on 

the orbital shaker for approximately 2 hours. The cultures were allowed (0 grow till an 

absorbance of 0.G- 0.8 (ODooul. The flasks were then cooled for 5-10 minutes in an ice 

waterbath . The cultu res were then centrifuged using rotor JA 14 and spun at 5 000 

rpm, for 10 min at 4"C. The supel11atanl was discarded and the pellet resuspended in 

50 ml orRFI (100 mM KCI, 50 mM MnCh, 30 mM CH3COOK, 10 mM CaCIz, 15 % 
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m/v glycerol, pH 5.8). This was then incubated on ice for 20 minutes. The cells were 

pelleted by a 10 minute centri fugation as above. The supematant was decanted and 

the four pellets were resuspended in 4 ml RF2 (10 mM I\l0ps, 10 mM KCI , 75 mM 

CaCh, 15 % m/v glycerol, pH 6.8) and the flask contents were pooled. Aliquots in 

multiples of 150 ILl were pipetted into steri le Eppendorf tubes and were stored at -

80"C, until lise. 

METHOD 

• Add ]50 ILl of thawed competent E. coli to DNA ligation mix (2 .5 ILl). Mix. 

• Leave on ice for 20 minutes. 

• Heat-shock at 42"C for 45 seconds and then cool on ice for 5 minutes. 

• Add 1 ml of SOC medium and incubate at 37°C for I hour. 

• Plate all cells on LB/AMP plates (4 ILIIPTG and 40 ILl X-gal). 

• Incubate plates overnight at 37" C. 

PREPARATION OF ELECTROCOM PETENT E.coU CELLS 

(ELECTROPORA TlON) 

• Set up a 50 ml culture of E.coli cell s (DH50!) from a fresh LB plate and incubate 

overnight with shaking at 37"C. 

• Inocu late a 500 ml culture with 50 ml OIN culture. Grow for several hours Witll 

shaking until the 00600 = 0.65. 

• Place on ice for 30 minutes (ce ll s must remain on ice for the remainder of the 

procedure). 

• Collect cells by centrifuging at 6 750 rpm for 15 minutes at 4°C. 

• Resuspend the cells in 500 1111 of ice-cold steril e Millipore water. 

• Collect cells by centrifuging at 6 750 rpm at 4"C for 15 minutes. 

• ResLlspend cells in 250 ml of ice-cold sterile Millipore water. 

• Co llect cells by centri fuging for 15 minutes at 6 750 rpm at 4"C. 

• Resuspend cells in 10 ml of 10 % glycerol, which has been diluted using sterile 

Millipore water. Collect cells by centrifuging at 6750 rpm for 15 minutcs at 4"C. 

• Resuspend the cell s in 1.5111101' 10 % glycerol , which has been diluted with sterile 

Millipore water. 
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• Al iquot 40 ILl quantities into steril e Eppendorfs and freeze immediately using liquid 

ni trogen. Store at - 80oe. 

METHOD 

• Add 50 ILl of ddd water to 10 ILl of the ligation reaction and incubate at 68°e [or I 

minute. 

• Mix the ligation and allow to cool. 

• Remove electrocompetent cells from the - 80°C freezer and add 80 ILl ddd water. 

• Set the e lectroporator to 1800 V. 

• Add 40 ILl of electrocompetent cells to 1.5 ILl of ligation reaction and mix. 

• Add to the cuvette . Tap the cuYette such that the mix sinks to the bottom of the 

tube. 

• Wipe the outside of the cuvette. 

• Place the cuvette into the e lectroporati ol1 arm and place into the e lectroporator. 

• Press the pulse button twice. Once the machine buzzes, remove the cuvette and add 

200 ILl of ice-co ld soe medium . Mix and retum to the original eppendorf. 

• Place tubes at 37"C for 30 minutes (to allow cell s to recover). 

• Plate 200 ILl of the tranSf0l111atioll onto LBI AMP plates that have 4 ILl of rPTG and 

40141 o f X-gal. 

SOCMEDTUM 

1.0 g tryptone 

0.5 g yeast extract 

0.05 g sodium chloride 

10 ml potassium chloride (250 mM) 

Di sso lve in 85 ml of distilled water, pH to 7.0 and adjust the vo lume to 98 ml. 

Steri li se by autoclaving. Once the so lution is cool, add I ml magnesium chloride (2 

M) and 1 ml g lucose stock (2 M) that has been filter steri lised. The final concentrat ion 

must be 20 111M. Filter the complete medium through a 0.2 mm filt er unit. 
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Figure 50: pBluescript (SK +) plasmid vector (Stratagene) used for cloning of EcoR I 

and BamH I fragments for the construction of the plasmid library. 

APPENDIX 3: PHYSICAL MAPS OF TH E C1GV GENOME 

1) DIG solutions 

20 x SSC (I L) 

175.3 g sodium chloride 

88.2 g sodium acetate 

Make the solution up to 800 ml with water and pH to 7. Make up to 1 Land 

autoclave. 

MALEIC AC ID BUFFER (IL) 

11.607 g maleic acid 

8.766 g sod ium chloride 

Make up the solution to 800 ml w ith water and pH to 7 with solid sodium hydroxide. 

Make up to 1 L and autoclave. 
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WASHING BUFFER(1L) 

3 1111 ofTween-20 

997 ml maleic acid buffer. 

DETECTION BUFFER (1 L) 

12.11 g tris base 

5.844 g sod ium chloride 

Make up to 800 ml with water and pH to 9.5. Make up to 1 L and autoc lave. 

STRJPPlNG SOLUTION (500 ml) 

8.40 1 g sodium hydroxide 

0.5 g SDS 

Make up to 500 ml with water and autoclave. 

BLOCKING SOLUTION (I 00 011) 

To 10 ml of the blocking solution stock (DIG High Plime DNA Labelling and 

Detection Starter Kit Il - Roche), add 90 011 of maleic acid buffer. 

ANTI-DIG SOLUTION (20 1111) 

Add 2 /.!1 oranti -DIG (via l 4 - DIG kit) to 20 1111 of blocki ng sol ution. 

2 x SSC, 0.1 % SDS (500 ml) 

501111 20 x SSC stock 

450 1111 water 

0.5 1111 0. 1 % SDS 

0.5 x SSC, 0.1 % SDS (500 011) 

12.5111120 x SSC stock 

487.5 1111 water 

0.511110.1 % SDS 

DIG EASY HYBR IDISATION BUFFER 

To make LLp the hybridisation buffer, add 64 ml ddd waleI' to DlG Easy Hyb Granules. 

Allow the granules to dissol ve by sti rring on a heating block at 37"C for 10 l11inutes. 
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ddd Water (50 ml) 

50 !TI l ofdd waler is autoc1a ved. 

2) Souther'n blotting solutions 

DEPURINATION SOLUT ION (I L) 

250 ml Hel (0.25 M) 

750 ml water 

D ENATURATIO N SOLUTION (] Ll 

87.66 g sodi ulll chloride (1.5 M) 

20 g sodi um hydroxide (0 .5 M) 

NEUTRALISATION SOLUTION (] L) 

87.66 g sodiulll chloride (1.5 M) 

60.58 g tri s base (0.5 M) 

0.372 g EDT A (0.00 I M) 

pH to 7.5 with He l. 

3) Nucleospin extraction 2 in 1 (Macherey - Nagel) 

Procedure for DNA extraction from TAE agarose gels: 

300 I~I of buffer NT I is added for each 100 mg o f agarose gel in an eppendor f. The 

sample is incubated at 50°C for 10 minutes, vOItex ing briefly every 2- 3 minutes. Next 

the sample is loaded onto a nucleospin co lumn, wh ich is placed in a 2 m l co ll ection 

tube and centrifuged for 60 seconds at 10000 rpm. 

The flovi through is discarded and the sp in co lumn p laced into the collection tube. 

600 ILl ofbulTer NT3 is added and the column is centrifuged for I minute at maximulll 

speed. This washing step is repeated. 

The flow through is discarded and the co lu mn placed into the co llection tube. 200 ILl 

of buffer NT] is added and the co lumn is centrifuged at maximulll speed lor 2 

minutes to rcmO\'e residua l alcohol. 
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Finally 50 f.tl of Elution buffer (NE) is added and allowed to incubate for I minute. 

The column is then spun at maximum speed for 1 minute to elute the DNA. 

4) Phvsical maps 

Table 17: BamH 1 restriction fragments of CIGV D 'A and their secondary Xho I 

fragments. 

I DEnzyme: single Digest BalllHI 2°Enzyme: XlIII I Double digest 

FRAGMENT FRAGMENT SIZE (kbp) FRAGMENTS SUMMATION 

OF FRAGMENT 

SIZES (kbp) 

1 A 32.0 b,j, f, i 32.0 

2 B 24.9 a, k 24.9 

3 C 11.5 c 11.5 

4 D 9.85 d 9.85 

5 E 9.70 e 9.70 

6 F 7.90 g 7.90 

7 G 7.50 h 7.50 

8 I-I 6. 10 m, 1 6.20 

9 I 2.60 n 2.60 

112.13 11 2.1 5 
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Table 18: Xhol restriction fragments of CIGY DNA and their secondary BamH I 

fragments. 

t °Enzyme: single Digest Xhol 2°Enzyme: Double digest 

Ball/HI 

FRAGMENT FRAGMENT SIZE (kbp) FRAGMENTS SUMMATION 

OF FRAGMENT 

SIZES (kbp) 

I A 57.5 c,d,e,g,h,1l1,n, I ,k 58.63 

2 B 23.5 a 23.5 

3 C 14.5 f,i 14.05 

4 D 12.1 b 12.10 

5 E 4.65 J 4.65 

112.25 11 2.93 

Table 19: BamHI restri ction fragments of CIGY DNA and their secondary Sac l 

fragmenls. 

1 °Enzymc: single digest Balld-ll 2°E nzyme: Sacl Double digest 

FRAGMENT FRAGMENT SIZE (kbp) FRAGMENTS SUMMATION 

OF FIUGMENT 

SIZES (kbp) 

I A 32.0 a,c 34.2 

2 B 24.9 b,ij 23.85 

3 C 11.5 d I 1.5 

4 D 9.85 e 9.85 

5 E 9.70 f 9.70 

6 F 7.90 g 7.90 

7 G 7.50 h 7.50 

8 H 6.10 k.1 6.20 

9 1 2.60 m 2.60 

11 2.13 1 13.3 
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Table 20: Sac l restriction fragments of CIGY DNA and their secondary BamHI 

fragments. 

J °Enzyme: si ngle digest Sacl 2°Enzyme: Double digest 

BamHl 

FRAGM ENT FRAGMENT S IZE (kbp) FRAGMENTS SUMMATION 

OF FRAGMENT 

SIZES (kbp) 

I A 33 .0 b,c,i 32.05 

2 B 30.4 d,f,h,1 31.7 

3 C 27.5 e,g,k,111j 27.55 

4 D 22.0 a 22.0 

112.90 11 3.3 

Table 21: Xhol restriction fj·ag11lenls of CIGY DNA and their secondary Sac l 

fragments. 

l °Enzyme: single digest Xho I 2°Enzyme: Sac1 Double digest 

FRAGMENT FRAGMENT SIZE (kbp) FRAGMENTS SUMMATION 

OF FRAGMENT 

SIZES (kbp) 

I A 57.5 a,b,g 56.16 

2 B 23 .5 c,e 25.32 

3 C 14.5 f,iJ 14.65 

4 D 12.1 d 12.1 

5 E 4.65 h 4.65 

112.25 112.88 
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Table 22: Sac I res triction fragments of CIGV DNA and their secondary Xho 1 

fragments. 

l °Enzyme: single digest Sac1 2°E nzyme: X/In I Double digest 

FRAGMENT FRAGMENT SIZE (kbp) FRAGMENTS SUMMATION 

OF FR.\ GMENT 

SIZES (kbp) 

I A 33.0 c,eJ ,1 32.79 

2 B 30.4 a 30.4 

3 C 27.5 g,b 25.76 

4 D 22.0 d,f,h 24.88 

112.90 113.83 

Table 23: Kpll I restriction fragments of CIGV DNA and their secondary Sac l 

fi·agl1lents. 

l °En zymc : single digest Kpltl 2°Enzyme: S'Ic1 Double digest 

FRAGMENT FRAGM ENT SIZE (kbp) FRAGMENTS SUMMATION 

OF FRAGMENT 

SIZES (kbp) 

I A 27.0 a,J 25.0 

2 B 22.95 g,h,f 24.74 

3 C 16.20 b 16.20 

4 D 15.00 c 15.00 

5 E 11.83 0 11 .83 

6 F 10.0 e 10.0 

7 G 3.3 I 3.3 

8 H 2.3 k 2.3 

9 I 1.9 I 1.9 

10 J 1.65 m 1.65 

I I K 1.10 11 ,0 1.62 

112.48 113.54 
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Table 24: Sac I restliction fragments of CIGV DNA and their secondary Kpnl 

fragme nts. 

1 °Enzyme: single digest Sac1 2°Enzyme: Kpu t Doubte digest 

FRAGMENT FRAGMENT SIZE (kbp) FRAGMENTS SUMM.\TION 

OF FRAGMENT 

SIZES (kbp) 

I A 33.0 c,e,f,i 37.45 

2 B 30.4 d,b,l,m 32.95 

" C 27.5 g,h,j,k,n,o,i 22.19 .) 

4 D 22.0 a 22.0 

112.90 114.59 

Figure 51: Restriction maps of CIGV-SA. The upper case letters denote single digest 

fragments, which are above and below the maps and the lower case letters denote the 

doub le digest fragments of the two enzymes. Maps are not drawn to scale. 
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APPENDlX 4: THE IDENTIFICATION AND CHARACTERISATION OF 

THE GRANULlN AND egl GENES 

1) PCR 

10 mM dNTP ' S 

30 I,d of each nuc leotide (dATP, dTTP, dCTP & dGTP) is added into an eppendorf. 

180 J.l1 of ddd water is added, bringing the total volume to 300 J.ll. Aliquot into 

eppendorfs (60 J.l1 volumes) and store at ··20·C. 

GENERAL MIXES 

Two master mixes arc prepared as follows: 

Master Mix 1: 

2.0 J.lll 0 IllM dNTP ' s 

x J.l1 Template DNA (0.1 - 0.75 g) 

1.5 J.l1 Forward Primer 

1.5 J.l1 Reverse Primer 

x 1+1 ddd water 

25 J.l1 
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Master Mix 2: 

5 J.! I Expand Buffer (lOx) 

0.75 J.!I Expand enzyme (Roche) 

19.25 gl ddd water 

25 J.!I 

Mix the two mixes together and pl ace in the thermocyc ler. 

peR THERMOCYCLER SETTINGS - PCRSprint (Hybaid) 

I minute at 95°C 

30 seconds at 95"C 

2 minutes at 52°e 

I minute at n"e 
I minute at noc 
I minute at 25"C 

Hold temperature - 4°e 

2) Sequencing reactions 

Repeat cyc le 30 x 

OIAPREP PLASMID PURIFI CATION KIT (QIAG EN) 

• Pellet bacteri al cell s fi'om ovel1light cultures by centTi fuging for 2 minu tes at 13 000 

rpm. Resuspend cell s in 250 l.tI of buffer P I. 

• Add 250 J.!I of bu ffer P2 and gently invert the tube 4-6 times to mix. 

• Add 350 J.!I of buffer N3 and in r ert the tube immediately but gentl y 4-6 times. 

• Centri fuge for 10 minutes. 

• App ly the supernatant to a Q IAprep spin co lumn in a 2 ml co llection tube. 

• Cen trifuge fo r 60 seconds and discard the flow-through. 

• Wash the spin co lumns by adding 0.75 ml of buffer PE and centrifuge for 60 

seconds. 

• Discard the flow-through and centrifuge for an additional I minute to remove 

residual wash buffer. 

• Place the Q IAprep co lumn in a clean micro fuge tube and add 50 J.! I o f 10 mM Tri s­

HCI (pH 8.5) or water, to the centre orthe co lu I11n and stand for I minute. 

• Ccnt ri fuge fo r I mi nute to e lute the DNA. 
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THERMOCYCLlNG USING THE BIG DYE TERM INATOR CYCLE 

SEOUENC ING KIT (AppLied Biosystems) 

Make up the volume of the PCR product/Clone to 12 J-tl. DNA concentration must be 

between 5-20 ng of PCR product and 200-500 ng of plasmid. Add primer (0.6 J-tl of 10 

J-tM primer) and distilled water (to vo lume of 12 J-t l). Add 8 J-tl of BIG DYE. Place in 

thermocyc ler (GeneAmp 9700) and cycle DNA as follows: 

• Rapid thermal ramp to 96°C. 

• 96°C fo r 10 seconds. 

• Rapid thermal ramp to 50°C 

• 50°C for 5 seconds. 

• Rapid thermal ramp to 60°C. 

• 60°C for 4 minutes. 

• Cycle is repeated 25 times. 

• Rapid thermal to 4°C and hold. 

DNA CLEAN UP AND CONCENTRATION US! G ZYMO COLUM S 

(ZYMOGEN) 

• Add 2 volumes of DNA binding buffer to sample. 

• Load onto a zymo column and p lace in a 2 1111 collection tube. 

• Centrifuge at 10 000 g for 10 seconds. Discard the flow-through. 

• Add 200 J-tl of Wash buffer to the co lumn and centrifuge for 30 seconds at 

max imul11 speed. 

• Discard the flow-through and the repeat washing step. 

• Add 8 J-tl of triple distill ed water directly to the column matrix . Place in an 

eppendorf and centri fuge briefly to elute the DNA . 

• Place the DNA into the vaccum centrifuge for I hour (till the liquid has evaporated). 

• Store the samp le at - 20°C till ready for sequencing. 

l SI 



Xrnn I 200s) 

Vector 
(3018bp) 

\ 

64 
70 
n 
77 
88 
'10 
97 

10D 

Figure 52: pGEM- T Easy plasmid vector (Promega) used to clone egt peR products. 

3. Molecular weight marker 

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

FRAGMENT SIZE (kbl!l 

1 12216 

2 11 198 

3 10 180 

4 9 162 

5 8 144 

6 7 126 

7 6 108 

8 5090 

9 4072 

10 3054 

11 2036 

12 1 636 

13 1 018 

14 517,506 

15 398,394 

16 298 
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APPENDIX 5: DETECTION ASSAYS FOR Cr)lptophlebia lel/colrela 

GRANULOVIRUS IN FALSE CODLING MOTH LARVAE 

1) Dot blots 

10 % SDS (lOO ml) 

109 sodium dodecyl sulphate 

100 ml waleI' 

0.2 M SODIUM HYDROXlDE (100 1111) 

0.8 g sodi um hydroxide 

100 ml water 

15 x sse BUFFER (20 ml) 

15 ml 20 x sse buffer 

5 1111 water 

6 x sse BUFFER (20 1111) 

6 1111 20 x sse buffer 

14 1111 water 

2) Radioactive labelling 

20 111M dNTP-CTP (200 gl) 

TTP (100 111 M) 40 JLI 

GTP (100 111M) 40 JLI 

. \ TP (1 00 mM) 40 1·(\ 

ddd waleI' 80 J.tl 

DNA POLYM ERASE 1 

8 J.tl ddd water 

I J.tl lO x nick translation buffer 

I J.tl DNA polymerase 1 (10 units/J.tl) 
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MEDIUM STR INGENCY WASHES 

2 x ssc, 0. 1 % SOS (500 m)) 

50 Illi 20 x SSC 

450 ml ddd \\ aler 

0.5 gS OS 

Heat to 42°C in order to di sso lve the SOS. 

4 x SSC, 0. 1 % SOS (400 Illl) 

80 IllI 20 x SSC 

320 ml ddd water 

0.4 g SOS 

Heat to 42°C in order to dissolve the SOS. 

0.5 x SSC, 0. 1 % SOS (400 ml) 

10 1111 20 x SSC 

390 ml ddd water 

0.4 g SOS 

Heat to 42°C in order to dissolve the SOS. 

10 x NICK TRANSLATION BUFFER (10 1111) 

10 1111 0.5 M Tri s- HCI (pH 7.5) 

0.12 g 0.1 M MgZS04 

0.00 15 g I 111M dithiothreito l 

500 1-'g/1111 BSA 

Oivide into smaller aliquots of I 1111 and store at - 20°C, 

0.5 M EOTA (pH 8.0) (l0 ml) 

1.86 g EOTA 

10 ml ddd water 

20 x sse STOCK SOLUTION (1 L) 

175.3 g sodium chloride 

88.2 g sod iu111 citrate 
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Add 800 ml of water and adjust the pH to 7 with sodium hydroxide (5 M). Make up to 

I L and sterilise by autoclaving. 

PREHYBRlD1SA TlON / HYBRlDlSATION BUFFER (30 ml) 

0.1266 g KHzP04 

0.Q75 g SDS (0.25 % of vo lume) 

1.5 g dextran sulphate (5 % oflhe' volume) 

15 Illl deionised formam ide 

1.5 ml Denhardts so lution (50 x) 

20 x SSC (5 x (inal volume) 

6.9 ml DEPC water 

50 x DEN HARDTS SOLUTION (50 ml) 

0.5 g fi co Jl 

0.5 g po lyvin ylpyrrolidone 

0.5 g BSA 

Make up vo lume to 50 ml with ddd water and store at - 20°C. 

DElON IZED FORMAMID E 

Add 20 g amberli le resin for 200 m! of formamide (Ifl Oth the vo lume). Stir for I hour 

and filter tlu'ough Whatmans no. I twice and store at 4°C. 

5 % TCA/SODIUM PYROPHOSPHATE 

2.5 g trich loro-acetic acid 

3.3 g sod ium pyrophosphate 

0.5 M EDT A (pH 8) 

18.337 g EDTA 

100 ml water 

pH to 8.0 

OUICK SPIN COULMNS, SEPHADEX G-50 (Roche) 

• Gentl y invert the column several times to rcsuspend the medium . 
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• Remove the upper and lower caps of the co lumn and allow the buffer to drain 

by gravity. 

• Place the co lumn in a co ll ection tube and centrifuge fo r 2 minutes at 1100 x g 

in a swinging bucket roto r. The eluted buffer is di scarded. 

• App ly the radio labe lled probe to the centre of the column, keep ing the co lumn 

upright. 

• Place the co lumn in a collection tube and centrifuge for 4 minutes at 1100 x g. 

• The elutant contains the purified probe and is stored in a lead container at -

20°e. The column is discarded into radioacti ve waste. 

3) peR solutions 

HOMOGENISATION BUFFER (l OO 1111) 

5 g ascorbic acid 

109 sodium dodecyl sulphate (SDS) 

0.6 g Tris-HCI, pH 7.7 (10 mM) 

0.186gEDTA(J mM) 

ALKA LI SOLUTION (500 ml) 

42.92 g sod iul1l carbonate (0.3 M) 

2.23 g EDT A pH 8 (0.03 M) 

14.66 gsod ium chloride (0.51 M) 

I M TRIS-HCI (pH 8) (500 1111) 

60.55 g tri s base 

500 1111 water. 

pH to 8 wi th He !. Steril ise by autoclaving. 
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