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Abstract

The sterile insect technique (SIT) is concerned with the mass-rearing and release
of sterilized insects which mate with "wild-type" females in the field, producing no
viable offspring. The aim of this study was to use genetic engineering methods to
make a strain of the Australia sheep blowfly Lucilia cuprina which is suitable for an
area-wide sterile-male release program. The main objectives were: development of
an efficient germline transformation system for introducing a target gene into
Lucilia and development of an inducible female killing system to produce a male
only population.

The piggyBac and Minos transposons were evaluated as transformation vectors for
L. cuprina. Firstly, Drosophila melanogaster was used as a model system to
determine if the frequency of both inter-plasmid transposition and germ-line
transformation increases with the level of expression of the piggyBac transposase.
Expression of the piggyBac transposase gene was controlled with either the a71-
tubulin, hsp83 or hsp70 promoter, which have strong, intermediate and low
constitutive activity respectively. The results show that the frequency of piggyBac-
mediated germ-line transformation does increase with the level of expression of
the transposase. In contrast, there does not appear to be a simple correlation
between the level of expression the transposase and the frequency of transposition
measured using an inter-plasmid transposition assay. This suggests that this
widely used assay may not necessarily predict which is the best “helper” plasmid
for germ-line transformation. Secondly, inter-plasmid transposition assays have
shown that both piggyBac and Minos transposases are active in blowfly embryos.
Thirdly, Drosophila eye color genes and the enhanced green fluorescent protein
(EGFP) gene were tested as potential markers for identifying transgenic flies. The
most promising marker based on transient expression appears to be EGFP driven
by the Drosophila polyubiquitin gene promoter (pUb-EGFP). Fourthly, blowfly
embryos were coinjected with the piggyBac helper driven by the D. melanogaster



hsp70 promoter and the PUbnIsEGFP marker gene. Two transgenic L. cuprina
lines were isolated and characterised by Southern DNA hybridisation analysis and
inverse PCR. The transformation frequency was 1.4 to 1.9%. Of the two
transformant lines obtained, one had a single copy of the transgene and the other
most likely has four copies. This is the first report of germ line transformation of L.
cuprina.

A tetracycline regulated inducible expression system was adopted to develop a
controllable female-killing genetic system based on the D. melanogaster msi2
gene. One component of the system is the tetracycline dependent transactivator
(tTA) gene controlled by a constitutive promoter. The other (tetO-msl2) is the msl2
coding region controlled with a promoter bearing seven copies of the tetracycline
operator (tetO) sequence. Female D. melanogaster carrying both a promoter-tTA
and tetO-msi2 gene constructs would be predicted to die in the absence of

tetracycline due to expression of ms/2.

In this study several promoter-tTA constructs were developed including WH-arm
which uses the constitutive armadillo promoter. Drosophila carring both WH-arm
and tetO-lacZ transgenes were shown by spectrophotometric and histochemical
staining assays to express f—galactosidase but only if raised on media that lacked
tetracycline. There was a significant decrease in viability of females carrying both
WH-arm and tetO-msl2 gene constructs raised on media lacking tetracycline.
However lethality was not 100%. Assembly of the MSL complex on female X
chromosomes (due to expression of ms/2) was confirmed by immuno staining of
polytene chromosomes with anti-MSL3 antibody. Thus it appears that induction of
100% female lethality will require higher levels of ms/2 expression than obtained
with the WH-arm/tetO-msi2 system for controlling female viability in transgenic
Lucilia.
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CHAPTER 1

GENERAL INTRODUCTION



1.1 STERILE INSECT TECHNIQUE (SIT)
1.1.1 Overview

The sterile insect technique (SIT) is concerned with the mass-rearing and release
of sterilized insects which mate with "wild-type" females in the field, producing no
viable offspring. SIT can result in suppression or eradication of the target insect
(Gilmore, 1989; Knipling, 1960). Since it was developed by Knipling (1955) for
use against the screwworm fly, Cochliomyia hominivorax (Coquerel), it has
become an efficient target-specific and environmentally nonpoliuting method
available for controlling insect pests.

The success of screwworm eradication programs in the United States during the
1950s and 1960s (Baumhover et al., 1955; Knipling 1979) stimulated wider use
of the SIT against other insects, including at least 13 species of tephritid fruit flies
(Steiner, 1969; Klassen et al., 1994). Successful past SIT programs include the
eradication of screwworm from North America (Knipling, 1960), Queensland fruit
fly from Western Australia (Fisher, 1994), melonfly from the Okinawa islands
(Kakinohana, 1997) and tsetse fly from Zanzibar (Vreysen et al., 2000). SIT has
also been used for eradication or suppression of the Mediterranean fruit fly
(medfly) in various parts of the world (Gilmore, 1989; Hendrichs, 1994).

There are several factors to consider in appraising the feasibility of SIT (Knipling
etal., 1955):

e An economical method of rearing millions of insects must be known, or
capable of development;

e The insect must be of a type that can be readily dispersed so that released
sterile males will be about as accessible to the virgin females in nature as are
the competing fertile males;

o Females must normally mate only once;



e The insect to be controlled must have a low inherent population, or the
species must be under natural or induced circumstances, reach a population
sufficiently low to make it economically feasible to rear and release enough
sterile males to effect a further downward trend in the population of
subsequent generations.

Mass-rearing facilities initially produce equal numbers of the two sexes, but
females are generally separated and discarded before release. From an
economic perspective, single-sex releases would reduce the costs associated
with production, transportation, and avoid the problem of sterile stings which may
render fruit unmarketable (Proverb, 1974). From a biological viewpoint male-only
releases may be more effective at reducing wild populations than standard
bisexual releases, because sterile males would direct mating efforts at wild
females exclusively. Male competitiveness has been estimated to be 3-5 times
greater in unisexual releases than bisexual ones (Robinson et al., 1986; Mclnnis
et al., 1994). In addition the females of some species require a much higher
irradiation dose than the males to be sterilized (as in the screwworm) and the
higher dose impairs the males competitiveness in the field (Whitten and Taylor,
1970; Bushland, 1971). For medfly, SIT has been shown to be most effective
when only sterile males are released in the field (Mcinnis et al., 1994).

1.1.2 Methods of Development of Male-Only Strains

The development of male-only strains represents a potentially important step
toward improving SIT (Hendrichs et al., 1995). Various female-kiling and sex-
sorting genetic systems have been developed, known generically as genetic
sexing (GS) strains.

1.1.2.1 Chromosome translocation (aberration) based GS strains

Genetic sexing systems have been constructed in a number of dipteran species,
either for use with the SIT or with other genetic methods of population control
(Whitten 1969, 1979; Curtis et al., 1976; Whitten et al., 1977; Foster et al., 1978;
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Kaiser et al., 1978; Baker et al., 1979, 1980; Rossler, 1979; Robinson and Van
Heemert, 1982; Saul, 1984; 1985Kerremans and Franz, 1995). So far, most GS
strains in factory production have used radiation-induced translocations to the Y
chromosome as dominant selectable markers, complementing an X-linked or
autosomal recessive trait such as pupal color, temperature-sensitive lethality,
blindness, or insecticide resistance (Seawright et al., 1978; Foster et al., 1988,
Robinson et al., 2000).

The first type of GS strains was based on pupal colour mutations (Whitten, 1969;
Rossler, 1979, 1980; Robinson and van Heemert, 1982) with males emerging
from wild-type pupae and females emerging from mutant pupae. These GS
systems require the use of expensive pupal separation machines that can
separate pupae on the basis of colour. However, machines are too slow for an
operational mass-rearing factory, and the extra handling lowers the quality of the
released males.

The second type of GS strains was developed by Kerremans and Franz (1995).
These GS strains were based on a temperature-sensitive lethal (ts/) mutation
(Franz et al., 1994) so that female zygotes can be killed following a high
temperature treatment.

Cladera (1995) developed the 3rd type of GS strain, by using a gene causing
slow development during the larval and pupal stages. This gene is the eye color
mutation sw-z in medfly (Ceratitis capitata), in which the traits of slow
development and mutant eye phenotype behave as pleiotropic effects of a single
gene. The delaying effect of the gene can be used to separate males at the larva
stage. The separation of sexes was improved by lowering the rearing
temperature. Another mutant strain sw-y, which is allelic to sw-z, was developed
by Pizarro et al. (1997). This strain has a slower developmental rate than sw-z
with respect to wild type, which could make it possible to separate males from
females at an early stage of development.



A type of field-female killing strains, a modification to the SIT system, was also
developed based on GS method (Whitten et al., 1977, 1979; Foster et al., 1985).
This system uses recessive eye-color mutations as the selective marker. Females
are homozygous for the mutations and unable to survive to reproductive maturity
in the field, because they are functionally blind. Genetic death in field populations
is caused by semisterility of the translocation and by homozygosis of the
mutations in females and non-translocation males of field origin (Foster et al.,
1988). Foster (1991) showed that a field female-killing system using a Y-linked
translocation can achieve higher genetic death rates than the sterile insect
technique in density-influenced populations.

The translocation-based GS strains all have potential genetic instability, either
due to recombination in the chromosomal region between the translocation
breakpoint and the selectable marker or due to the survival of adjacent-1
segregants (Franz et al., 1994; Robinson, 2000). To reduce the frequency of
recombination, crossover-suppressing inversions are included in some genetic
sexing systems, to ensure tight linkage of the deleterious genes to sex (Curtis et
al., 1976; Kaiser et al., 1978; Baker et al, 1979, 1980; Foster, 1991). These
chromosome aberration-based systems also tend to reduce the fitness of the
insects, making them less effective agents for SIT (Franz et al., 1994; Kerremans
& Franz, 1995; Robinson et al., 2000).

1.1.2.2 The transgene based GS strains

An alternative approach of making a GS strain is to use a transgene system to
induce repressible female-specific lethality. This could be used simply as a GS
strain.

Heinrich and Scott (2000) reported that they had developed a tetracycline-
repressible female-specific lethal genetic system in the vinegar fly Drosophila
melanogaster (see section 1.5). One component of the system is the tetracycline-
controlled transactivator gene under the control of the fat body and female-
specific transcription enhancer from the yolk protein 1 (yp1) gene. The other



component consists of the proapoptotic gene hid under the control of a
tetracycline-responsive element. Males and females of a strain carrying both
components are viable on medium supplemented with tetracycline, but only
males survive on normal medium.

A similar system has also been developed by Thomas et al. (2000). They also
showed a simple model of the release of insects carrying this trait into a target
population. They demonstrated two methods that have the required genetic
characteristics in an otherwise wild-type genetic background. The first system
uses a sex-specific promoter or enhancer to drive the expression of a repressible
transcription factor, which in turn controls the expression of a toxic gene product.
The second system uses non-sex-specific expression of the repressible
transcription factor to regulate a selectively lethal gene product. Both methods
work efficiently in Drosophila melanogaster.

1.2 THE SHEEP BLOWFLY, LUCILIA CUPRINA (DIPTERA)

The current world-wide distribution of the sheep blowfly, Lucilia cuprina, has
been given as Asia, Africa, Australia, Egypt, Fiji, Indonesia, New Caledonia,
Pakistan (Waterhouse & Paramov, 1950; Norris, 1990) and more recently New
Zealand (Heath, 1990). L. cuprina, is the most economically important species
involved in flystrike, or myiasis of sheep in Australia (Watts et al., 1976), and New
Zealand (Heath, 1990). The annual costs of flystrike in lost production and control
measures have been estimated to be A$149 million in Australia (Beck et al.,
1985) and NZ$37 million in New Zealand (Heath and Bishop, 1995). L. cuprina is
believed to have been present in New Zealand since the late 1970s (Heath,
1990; Heath et al.,, 1991; Bishop, 1993) but was firstly reported only in 1988
(Holloway, 1991) and is now found to have spread throughout the North Island
and through much of the South Island and is the species most commonly
associated with flystrike (Heath and Bishop, 1995). L. cuprina is also the
principal fly involved in myiasis of sheep in South Africa and has been known to
cause myiasis in other African countries and India.



Several control methods have been developed against L. cuprina, including
insecticides (Gleeson et al., 1994; Wilson and Heath, 1994), GS systems (Whitten
1969; Rossler, 1979; Robinson and van Heemert, 1982) and FK (field-female
killing) systems (Whitten et al., 1977; Whitten, 1979; Foste et al., 1985, 1988;
Foster, 1989). To date, none of these methods have proved effective at
eradicating L. cuprina.

In New Zealand, L. cuprina is primarily controlled through the application of
insecticides. However, increasing resistance to some insecticides coupled with
demand for wool with low insecticide residue has resulted in an increased
interest in biological methods of control.

1.3 DOSAGE COMPENSATION IN D. MELANOGASTER

1.3.1 Overview

Dosage compensation is the process by which males (XY) express a level of X-
linked gene products equivalent to that of females (XX).

In D. melanogaster, males are the heterogametic sex; they carry one X and one Y
chromosome, whereas females have two X chromosomes. In this species dosage
compensation is achieved by transcriptionally up regulating genes on the male X
chromosome to equal expression from the two female X chromosomes
(Offermann 1936; Mukherjee and Beerman, 1965). Failure to compensate for the
difference in X chromosome dosage results in a lethal genetic imbalance of X-
linked and autosomal gene products in males.

Dosage compensation in Drosophila is mediated by a multiprotein, RNA-
containing complex that associates with the X chromosome at multiple sites. The
complex is preferentially associated with numerous sites on the X chromosome in
somatic cells of males but not of females.



1.3.2 Genes Involved in Dosage Compensation

The products of at least five genes, maleless (mle), male-specific lethal 1 (msl1),
male-specific lethal2 (msl2), male-specific lethal 3 (msI3) and males absent on
the first (mof), collectively called the msls and 2 non-coding RNAs, RNA on X1
(roX1) and roX2, are necessary for dosage compensation (Fulunaga et al., 1975;
Belote and Lucchesi, 1980; Uchida et al., 1981; Lucchesi et al., 1982; Hilfiker et
al., 1997; Lucchesi, 1998; Kelley and Kuroda, 2000; Gu et al., 2000; Meller et al.,
2000; Smith et al., 2000). The ms/ genes were identified by genetic means for
example as ms/1-mutant males die in the third instar larval stage due to a failure
to dosage compensate (Lucchesi, 1987). Each gene has been cloned and the
encoded proteins have been characterized to varying degrees.

1.3.2.1 mle encodes for an RNA-DNA helicase

The mle gene encodes for an RNA-DNA helicase of the DExH subfamily of
ATPase/helicases (Kuroda et al., 1991; Lee et al., 1997). A predicted MLE protein
contains seven short segments that define a superfamily of known and putative
RNA and DNA helicases. MLE, while present in the nuclei of both male and
female cells, differs in its association with polytene X chromosomes in the two
sexes. MLE is associated with hundreds of discrete sites along the length of the X
chromosome in males but not in females (Kuroda et al., 1991). MLE has short
sequences that identify it as a member of one of two superfamilies of nucleic acid
helicases (Kuroda et al., 1991). MLE is highly homologous to human RNA
helicase A (Lee et al., 1993) and bovine nuclear DNA helicase Il (Zhang et al.,
1994). These features of the MLE protein imply that it interacts with RNA (Kuroda
et al., 1991; Gibson et al., 1994). MLE remains associated with the male X
throughout mitosis (Lavender et al., 1994). It seems that the association of MLE
with the MSL complex is mediated through interaction with a stable RNA (Richter
et al., 1996). MLE is weakly associated with the MSL complex (Copps et al.,
1998). Immunofiuorescence studies have shown that m/e+ function is required for
localization of MOF and MSL3 to the X chromosome (Gu et al., 1998). MLE does
not interact with either MSL3 or MOF (Scott et al., 2000).



1.3.2.2 msi1 encodes a protein with a highly acidic N terminus

msl1 encodes a protein with a highly acidic N terminus that includes short
stretches composed almost entirely of aspartate or aspartate and glutamate
residues as well as numerous interspersed glutamate doublets. These
characteristics are common to a large group of proteins thought to be involved in
transcription regulation. In the central region of the protein, there are many
proline, serine and threonine residues some of which could be sites of
phosphorylation by protein kinases of the cdc2 type as means of regulating the
activity of the protein (Palmer et al., 1993).

Two regions of MSL1, one near the N-terminus and the other at the C-terminus,
are important for assembly of the MSL complex in vivo as overexpression of
either region caused male-specific lethality. MSL2 co-purified from crude fly
extracts with the amino terminal domain of MSL1. Both MOF and MSL3 co-
purified with the C-terminal domain of MSL1. It appears that the main role of
MSL1 is to serve as the backbone for assembly of the MSL complex (Scott et al.,
2000).

The amount of MSL1 protein in females is reduced compared to males (Chang
and Kuroda, 1998). Ectopic expression of MSL2 protein in females is not
sufficient to induce an insurmountable level of dosage compensation, suggesting
that an additional component is limiting in females. A candidate for this limiting
factor is MSL1, because the amount of MSL1 protein in females is reduced
compared to males. There are two levels of negative regulation of ms/1 in
females. The predominant regulation is at the level of protein stability, while a
second regulatory mechanism function is at the level of protein synthesis.
Overcoming these control mechanisms by overexpressing both MSL1 and MSL2
in females results in 100% female-specific lethality (Chang and Kuroda, 1998).
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1.3.2.3 msi2-the primary target of negative regulation in females-
encodes a RING finger protein

msl2 encodes a key male-limited regulator of dosage compensation in
Drosophila. It consists of 769 amino acid residues and has a RING finger (C3HC4
zinc finger) and a metallothionein-like domain with eight conserved and two non-
conserved cysteines. The RING finger is present in more than 60 proteins from
plants, bacteria, animals and viruses, many of which are present in
macromolecular complexes (reviewed in Freemont, 1993; Saurin et al., 1996). In
each case, two zinc atoms are coordinated by interleaved pairs of cysteines, or
cysteine plus histidine, in a 1-3, 2-4 pattern. The RING finger may serve as
scalffold for the evolution of different. A requirement for the MSL2 RING finger in
male viability was demonstrated by site-directed mutation of conserved RING
finger cysteines (Lyman et al., 1997). Residues around the first zinc-binding site
of the RING finger were essential for this interaction (Copps et al., 1998). MSL2
has been shown to bind to MSL1 using a yeast 2-hybrid system (Copps et al.,
1998)

MSL2 protein is not produced in females, as ms/2 mRNA translation is repressed
by the female-specific SXL protein (see section 1.3.3). Ectopic expression of ms/2
in females results in female-specific developmental delay and reduction in
viability (Kelley et al., 1995). This is probably because the MSL complex
assembles onto both X chromosomes and upregulates the transcription of most
X-linked genes.

1.3.2.4 msiI3 encodes a chromodomain protein

MSLS3 was initially described as a novel protein with only a very weak similarity to
some human and rice sequences of unknown function (Gorman et al., 1995).
Subsequently, Koonin et al. (1995) showed that MSL3 contains a chromodomain
at the amino end and a chromoshadow domain at the carboxy end. The
“chromodomain,” has been found in many proteins involved in chromatin
regulation, such as POLYCOMB and HP1 (Aasland and Stewart, 1995). Bertram
et al. (1999) and Prakash et al. (1999) described several mammalian genes with
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similarities to ms/3. Gorman et al. (1995) found that there were two types of ms/3
RNAs in D. melanogaster, one of which would lack part of the chromodomain-like
region, suggesting that there may be significant roles for the truncated version of
the MSL3.

By comparison of the D. melanogaster and D. virillis sequences as well as the
mammalian genes, Marin and Baker (2000) found that MSL3 is actually a
member of a class of proteins found in many other eukaryotic organisms,
including not only animals, but also yeast and plants. They concluded that only
the more N-terminal chromodomain-containing regions hypothesized by Koonin
et al. (1995) have a pattern of conserved residues in the members of this gene
family that is compatible with being a chromodomain-related structure. Most data
suggest that the chromodomain is a protein-protein interaction domain, MSL3
might be able to form dimers or interact using such a surface with MSL1 or MSL2.
Recently it has been shown that the chromodomain is an RNA binding domain
(Akhtar et al., 2000). This suggests that MSL3 may bind to either roX7 or rox2
RNA.

1.3.2.5 mof gene encodes a putative acetyl transferase

The mof mRNA encodes an 827 amino acid protein that contains a 250 amino
acid domain common to many acetyl transferases. This domain is found in
proteins known to acetylate histones, such as histone acetyl transferase 1 of
yeast (Kleff et al, 1995) and histone acetyl transferase a of Tetrahymena
(Brownell et al., 1996). A null allele of mof, mof’, has a single nucleotide mutation
that leads to a substitution of Gly691 (the most conserved residue in the 250
amino acid motif) with glutamic acid. More recently it has been shown that MOF is
a histone acetylase preferentially acetylating histone H4 at lysine 16 (Smith et al.,
2000). Staining of polytene chromosomes with anti-MSL antibodies suggests that
the association of MSL1 and MSL2 with the male X-chromosomes of mutant mof
larvae is slightly reduced. However, the association of MLE is substantially
reduced, and the H4 isoform, H4Ac16, appears to be absent (Gu et al., 1998). By
using loss-of-function mutations it has been demonstrated that MOF co-localises
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with the MSL complex on the male X chromosome (Gu et al., 1998). MOF
activities are necessary for complexes to access the various X chromosome sites
(Gu et al., 2000).

1.3.2.6 roX1 and roX2 RNAs encode non-coding RNAs
roX1 and roX2 RNAs were isolated using an enhancer detector screen for

B—galactosidase activity in the mushroom bodies of the Drosophila brain. Both

genes are X-linked and each encodes a RNA without a significant open reading
frame. Their expression is confined to the nucleus of male flies, and paint the
male X chromosome (Amrein and Axel, 1997; Meller et al., 1997). The roX RNAs
associate with the X chromosome with a distribution that mirrors that of the MSLs,
and roX2 is present in a purified MSL complex isolated from cultured cells (Smith
et al., 2000). roX1 is not essential for male-viability or dosage compensation but
may be functionally redundant with roX2 (Franke and Baker, 1999). With the

exception of a 30 bp region near the 3’ ends, there is no significant sequence

similarity between roX17 and roX2. The RNA components probably play an early
role in MSL binding, assembly or spreading (Meller et al., 2000, Kageyama et al.,
2001).

1.3.2.7 The regulation of dosage compensation

The MSL proteins are thought to form a complex that is preferentially associated
with numerous sites on the X chromosome in somatic cells of males but not
females (Kuroda et al., 1991; Palmer et al., 1993; Gorman et al., 1995; Bashaw
and Baker 1995; Kelley et al., 1995; Zhou et al., 1995; Hilfiker et al., 1997; Gu et
al., 1998). The complex is needed to mediate hypertranscription of the hundreds
of active genes along the male X. When any subunit is removed through
mutation, the MSL complex is lost from most sites along the X, dosage
compensation fails, and males die (Kelley and Kuroda, 2000).

Immunoprecipitation and yeast two-hybrid assays suggest that MSL1, MSL2,
MSL3, and MOF are strongly interacting, while MLE is less tightly associated with
the complex (Kelley et al., 1995; Copps et al., 1998; Smith et al., 2000). MLE
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activities are necessary for complexes to access the various X chromosome sites
(Gu et al., 2000).

MOF plays a direct role in the specific histone acetylation associated with dosage
compensation (Turner et al., 1992; Bone et al., 1994; Hilfiker et al., 1997; Akhtar
and Becker 2000; Smith et al., 2000). Association of MOF with the male X
chromosome depends on its interaction with RNA (Akhtar and Becker, 2000). In
vitro analyses of the MOF and MSL3 chromodomains indicate that these
chromodomains may function as RNA interaction modules. Their interaction with
non-coding RNA may target regulators to specific chromosomal sites (Akhtar et
al., 2000).

The binding of MSL1 and MSL2 to several “high affinity” or “chromotin-entry” sites
on the X chromosome does not require MLE, MOF or MSL3 (Lyman et al., 1997).
The binding of MLE, MOF or MSL3 proteins to the male X chromosome is
absolutely dependent on MSL1 and MSL2 (Gu et al.,, 1998). The MSL complex
does not associate with the female X chromosomes because MSL2 protein is
absent from females (Bashaw and Baker, 1995; Kelley et al., 1995; Zhou et al.,
1995).

The roX1 and roX2 gene each contains a chromotin-entry site for the MSL
complex (Kelley et al., 1999). MSL proteins bind a small DNA region near the
middle of the roX71 gene corresponds to a male-specific DNase | hypersensitive
site in chromatin of intact nuclei (Kageyama et al., 2001).

In order to become stably associated with the numerous other sites along the X
chromosome where it is normally found, the MSL complex requires the histone
acetyltranferase activity of MOF as well as the ATPase activity of MLE (Gu et al.,
2000). If either of these activities is impaired, complexes containing the known
MSLs are formed but are unable to access X-chromosome chromatin beyond the
entry sites. Over-expression of MOF leads to the acetylation of numerous
autosomal association of the MSL complex.
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Recently, a JIL-1 protein kinase has been found associated with the MSL
complex, but its function in the dosage compensation system is still unknown (Jin
etal., 1999, 2000).

MSL-mediated dosage compensation begins early in embryogenesis. MSL
binding to the male X chromosome is observed in all somatic tissues of embryos
and larvae. The MSL proteins first associate with the male X chromosome as
early as the blastoderm stage, slightly earlier than the histone H4 isoform,
acetylated at lysine 16 is detected on the X chromosome (Franke et al., 1996).

1.3.3 Sex Lethal (SxI) Controls Dosage Compensation in Drosophila
by a Non-splicing Mechanism

SxI encodes an RNA binding protein that regulates sexual differentiation by
influencing alternative splicing in the sex determination hierarchy (Bell et al.,
1988; Sosnowski et al, 1989; Inoue et al, 1990; Samuels et al., 1994). SxI
regulates its own expression by regulating splicing (Bell et al., 1991). In females,
SXL protein-directed splicing of Sx/ pre-mRNA generates an open reading frame.
In males, default splicing results in a mRNA with premature stop codons. Sx/ also
prevents X chromosome hypertranscription in females (Lucchesi and Skripsky,
1981; Cline, 1984).

Activation of early transcription of the Sx/ gene is affected by the assessment of
the XA ratio (Cline, 1993). Females (X:A=1.0) make SXL protein, which
represses the msl/ pathway and results in basal transcription of both X
chromosomes. Males (X:A=0.5) lack SXL protein, leaving the ms/ pathway active
for hypertranscription of most X-linked genes.

One of the molecular targets of Sx/ repression is the ms/l2 mRNA. There are

poly(U) tracts in both the 5’ and 3’ UTRs that resemble the SXL-binding sites in

SxI and tra. SXL protein associates with multiple sites in the 5 and 3’
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untranslated regions (UTR) of the ms/2 transcript and represses its translation in
females (Kelley et al., 1997; Bashow and Baker, 1997). The SXL-binding sites in

the msi2 5" UTR are within the intron, and thus they are only retained in the

female message. Removal of the Sx/ binding sites in either 3’ or 5’ UTRs results

in expression of MSL2 protein in females. Expression of MSL2 also results in the
X chromosome association of the other MSLs, suggesting that ms/2 is the primary
sex-specific target of Sx| (Kelley et al., 1995; Bashaw et al., 1995).

Sex-lethal acts synergistically through sequences in both the &"and

3’ untranslated regions of MSL2 to mediate repression. The repression of MSL2

is directly regulated by Sex-lethal at the level of translation. In contrast to
numerous other developmentally regulated mRNAs, the regulation of ms/i2 mRNA
occurs by a poly(A) tail-independent mechanism (Gebauer et al., 1999).

MSL1 is highly dependent on MSL2 for its protein stability. In addition, a subset of
msl1 transcripts also contain SXL-binding sites in their 3’ untranslated regions

and these contribute to MSL1 repression internals (Chang et al., 1998).

1.3.4 A Second Dosage Compensation Process

Dosage compensation of the runt gene during embryogenesis is dependent on
Sx/ but independent of the msl genes (Gergen, 1987; Bernstein et al., 1994). This
indicates that there are at least two kinds of dosage compensation and may
explain the inability of mutations in the ms/ genes to rescue females which lack
Sx/ function. Colocalization of the MSLs and H4Ac16 on the male X chromosome
in all somatic cells beginning in the late blastoderm stage also supports the idea
that both kinds of dosage compensation function side by side throughout the life
of Drosophila (Rastelli et al., 1995; Bashaw et al., 1996).

Insight into the identity of a second dosage compensation process that could be
controlled by Sx/ has come from the finding Sx/ completely represses translation
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of msi2 RNA in females. The msi2 RNA contains 2 Sx/ polyU binding sites in the
5" UTR and 4 sites in the 3" UTR. Both 5° and 3" UTR binging sites are required
for complete repression. However, either the 5° or 3" UTR sites all are sufficient
for a modest (about 2 fold) decrease in MSL2 translation in female (Bashaw et al.,
1995). Computer searching for other genes that have polyU clusters in their 3°
UTRs indicated that genes which have three or more such U stretches, including
runt, are all X-linked with the exception of ms/1 and ms/2. This finding has led to
the proposal that Sx/ may directly mediate a second dosage compensation
process in females (Kelley et al., 1995).

1.3.5 MSL Proteins Occurs in Other Drosophilid Species

Ignacio et al. (1996) reported that the sex-and chromosome-specific binding of
three of the MSL proteins (MSL-1, MSL-2, MSL-3) occurs in other drosophilid
species, spanning four genera. By using antibodies directed against the MSL-1,
MSL-2 and MSL-3 proteins for immunostaining in 14 drosophilid species, they
observed male X chromosome-specific staining by at least one of these
antibodies in 12 of these species. Staining in females is not observed in any of
these 14 species. The male- and chromosome-specific binding of the MSL
proteins provides strong evidence for the functional conservation of this system of
dosage compensation in all of these species. Staining is seen in both
Chymomyza and Hirtodrosophila, among the more distant relatives of Drosophila
within the Drosophilinae subfamily (Ignacio et al. 1996). The msibased system of
dosage compensation is therefore much older than the Drosophila genus; the
Chymomyza-Drosophila split is estimated to have occurred at least 55 million
years ago (Russo et al., 1995).
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1.4 DEVELOPMENT OF INSECT GENETIC TRANSFORMATION
SYSTEMS

1.4.1 Overview

1.4.1.1 Transformation and transgenic insects

Efforts to develop genetic-transformation technology for insects span 3 decades.
Gene introduction or "genetic-transformation” technologies permit genes of any
origin to be introduced into insects, either temporarily or permanently. These will
play a critical role in gene function identification and testing. Gene transformation
will also enable manipulation of insect genotypes and the potential to devise
chemical-free methods for controlling pest insect populations (Atkinson et al.,
2001). There are two particular advantages of transgenic technology over
classical genetics: (1) the potential to exploit genes and gene constructs across
species barriers; and (2) the ability to introduce particular, defined sequences
without the genome disruption of a conventional cross (Warren and Crampton,
1994).

The two key requirements for successful transformation are: i.) an efficient means
for introducing the DNA into the germ line, and ii.) a sensitive marker gene that
can distinguish the transgenic insect from the much more plentiful non-transgenic
siblings.

1.4.1.2 Strategies for transforming insects

1.) Physical introduction of DNA

Genetic transformation technologies depend on viable physical and biological
methods for delivering transgenes to cells and, ultimately, to the nuclei of the cells
of interest. For stable insect transformation, the germ cells are the targets of all
efforts at DNA introduction (Atkinson et al., 2001). A number of methods for
delivering DNA to developing insect germ cells have been used, including
microinjection, biolistics, and electroporation (Rubin and Spradling, 1982;
Baldarelli and Lengyel, 1990; Mialhe and Miller, 1994; Leopold et al., 1996).
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Microinjection remains the best option for penetrating insect chorions and
delivering vector DNA to the germ cells and typically techniques used for
handling and microinjecting insect embryos are based on those that have been
developed for D. melanogaster (Rubin and Spradling, 1982). The characteristics
of the insect species will determine how to introduce the DNA into their germline.
The simplest method is injection of embryos that works well in Drosophila (Rubin
et al., 1982), Medfly (Loukeris et al., 1995), blowfly (Atkinson et al., 1992) and
mosquito (Jasinskiene et al., 1998; Coates et al, 1998). The modifications
required for each species are important for ensuring the survival of the embryos
and generation of transgenic insects.

2.) Biological introduction of DNA

Except in Drosophila, several gene vectors have been developed that enable the
movement of genes in non-drosophilid insects. These include transposable
elements, viruses, and in vivo recombination systems such as the FLP/FRT
system of Saccharomayces cerevisiae (Morris, 1997). Only six of these vectors
have proven to be of sufficient robustness to be used as genetic tools in insects.
These vectors include four transposable elements, the Sindbis alphavirus, and
pseudotyped pantropoic retroviruses. The two viral systems are currently limited
to the transient expression of genes in individuals that have been directly infected
with engineered virus. Nonetheless, the Sindbis system is proving to be a very
powerful tool for the analysis of gene expression in mosquitoes. The four
transposable-element vectors that have been developed are also proving to be
useful genetic tools for the generation of transgenic insects. Transposable
elements are the only vectors discussed in this study.

1.4.2 Transposable Elements as Gene Vectors in Insects

1.4.2.1 Classification of transposable elements

Transposable elements include a diverse collection of genetic elements which
have in common the ability to promote recombination reactions that result in the
movement of the element from one location in the genome to another. The
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transposable elements are divided into two classes depending upon the general
features of the mechanisms of movement (Finnegan, 1989). Class | elements are
those that transpose by reverse transcription of an RNA intermediate, similar to
retroviral integration. Class Il elements appear to transpose directly from DNA to
DNA. They are usually of small to moderate length (less than 10kb).

1.4.2.2 Short inverted repeat-type elements involved in constructing
gene vectors

A subclass of class Il elements have in common the presence of terminal
sequences that form inverted repeats. These terminal inverted repeats are
usually less than 50 base pairs and can be as few as eight base pairs. Members
of this subclass of elements are called short inverted repeat-type elements and
have proven most useful in constructing gene vectors for Drosophila and are
becoming increasingly important for plant genome manipulation (Walbot, 1992;
Hehl, 1994).

Short inverted repeat-type elements have two major functional components, a
transcription unit that encodes a protein (transposase) required for transpositional
recombination and the terminal inverted repeats of the element including 100
bases or more of sub-terminal DNA. Although not well characterized in
eukaryotes, transposases are probably recombinases. The role of the terminal
repeats of this class of elements appear to serve as pointers, directing the
recombinase and /or other factors to the proper position on the element to initiate
recombination.

Short inverted-repeat type elements are particularly amenable to being converted
to vectors because the two components of the element can function in trans. That
is, transposase produced by one element can act on the terminal sequences of
another element of the same type and promote its transposition. Consequently,
attaching the terminal sequences to any other non-transposable element
sequence results in the creation of a chimeric transposable element capable of
transposing when the appropriate transposase is present.
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Trans-mobilization is a useful feature of this type of transposable element
because it permits the investigator to stabilize the movement of the element
following integration by removing the source of transposase. These
characteristics were first exploited in eukaryotes for the purposes of gene vector
development using the P-element from D. melanogaster (Rubin and Spradling,
1982; Spradling and Rubin, 1982), and this is refereed to as the P-element
paradigm. Extensions of this technology include transposon tagging (Searles et
al., 1982) and enhancer trapping (Bellen et al., 1989) which are powerful
methods for identifying and isolating genes.

1.4.2.3 The functional insect vector systems

1.) P-element family

P elements were the prototypical short inverted repeat-type element in
eukaryotes; they are almost 3 kb in length, encode a single transposase and
have terminal inverted repeat sequences of 31 nucleotides.

P-elements were identified in the hybrids of certain inter-strain crosses of D.
melanogaster (Kidwell et al., 1977). Movement of P-elements in the host is strain-
dependent with certain strains repressing almost all P movement and others
supporting high rates of P-element excision and transposition (Engels, 1989).
Within D. melanogaster, P-elements are effective agents for genome
manipulation because of their rates of movement (Rio, 1991).

The D. melanogaster P-element has been successfully used as a transformation
vector in the closely related species, D. simulans (Scavarda and Hartl, 1984) and
a more distantly related drosophilid, D. hawaiiensis (Brennan et al., 1984).
Neither of these species possess an endogenous P-element.

The P-element ultimately proved to be useless for those wishing to genetically
transform non-drosophilid insects (Atkinson et al., 2001). The successful creation
of transgenic non-drosophilid insects using P-element vector-containing plasmids
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has been reported but in no case has the integrated DNA consisted of only
sequences precisely delimited by the termini of P-elements (Miller et al., 1987;
McCrane et al., 1988; Morris et al., 1989) suggesting integration was not
catalysed by the P transposase.

2.) The hobo or hat element family

The hobo element, which was identified in D. melanogaster (Lim et al., 1983), is a
typical short inverted repeat-type element with a copy number of 0-50 per
genome, depending on the strain. It is 3 kb in length with 12 bp terminal inverted
repeats, creates 8 bp duplications at the points of integration and probably
encodes a single protein (transposase) (Blackman and Gelbart, 1989).

Blackman et al. (1989) used hobo as a gene vector for germ-line transformation
of D. melanogaster. Twenty percent or more of the fertile adults developing from
embryos injected with the vector produced transgenic progeny. The hobo mobility
is confined predominantly to the germline by virtue of tissue specific expression of
the hobo transposase gene (Calvi and Gelbart, 1994). While hobo integration
rates are comparable to that observed using P-elements, insertion site
preferences of these two elements are distinct. The spatial distribution of hobo
and P-element integration sites within the Drosophila genome overlapped, but
there were chromosomal regions that were preferred by only one of the elements
(Smith et al., 1993).

The first direct demonstration of hobo's ability to function in a non-host insect was
reported by Atkinson et al. (1993). They demonstrated that hobo could excise
from plasmids introduced into and transiently maintained extrachromosomally in
cells of developing Musca domestica (housefly) embryos. Similar results were
reported in distantly related Drosophila species (Handler and Gomez, 1995) and
currently the range of species in which hobo has been shown to excise includes
the mosquitoes, Aedes aegypti and Aedes australis (Sarkar et al, 1997b) and the
lepidopteran, Helicoverpa armigera (Pinkerton et al., 1996). Interplasmid



22

transposition assays in a number of diverse non-drosophilid insect species
including the housefly, M. domestica, the Queensland fruitfly, Bactrocera tryoni
and the corn earworm, H. armigera demonstrated hobo's ability to transpose
accurately in non-host insects (O'Brochta et al., 1994; Pinkerton et al., 1996). The
frequency of hobo transposition in non-drosophilids was less than that observed
in D. melanogaster under similar conditions. hobo has been successfully used
as a germ-line transformation vector in D. virilis (Lozovskaya et al., 1996).

Using hobo excision as a bioassay for hobo or hobo-like transposase activity,
several hAT elements have been isolated from non-drosophilid insects:

Hermes, isolated from M. domestica, is closely related to hobo and based on
structural criteria appeared functional (Warren et al., 1994). Hermes is 2749 base
pairs in length, flanked by 17 bp imperfect terminal inverted repeats, and encodes
a transposase protein that is 70 kDa in size (Warren et al., 1994).

The hobo and Hermes transposases are 55% identical and 70% similar at the
amino acid level, and their inverted terminal repeats are identical over 10 and 11
out of 12 nucleotides (Warren et al., 1994). Hermes elements have been found in
house fly populations throughout the world. To date no housefly populations
devoid of Hermes elements have been found (Atkinson et al., 2001)

Hermes has been used to generate stable transgenic lines from six insect
species: D. melanogaster (O'Brochta et al., 1996; Pinkerton et al., 2000), Ae.
aegypti (Jasinskiene et al., 1998; Pinkerton et al., 2000), Ceratitis capitata (Michel
et al., 2001), Stomoxys calcitrans (O'Brochta et al., 2000), Tribolium castaneum
(Berghammer et al., 1999) and Culex quinquefasciatus (Allen et al., 2001).
Hermes-mediated transformation of D. melanogaster can be as high as 60% but
is routinely around 30%-40% (O'Brochta et al., 1996; Pinkerton et al., 2000).

Hermes-mediated transformation of the mosquitoes Ae. aegypti and Cx.
quinquefasciatus results in integration of both the Hermes element and flanking
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and plasmid sequences (Jasinskiene et al., 1998; Pinkerton et al., 2000.) Hermes
can, however, transpose in a predicted manner in mosquitoes (Sarkar et al.,
1997; Zhao and Eggleston, 1998). The sequences transposed were delimited by
the terminal nucleotides of the transposable element, and an 8-bp duplication
was created at the target site.

Hermit (L. cuprina) is a 2716 bp transposable element with 15bp terminal
inverted repeats. Southern blot analysis of genomic DNA indicated that Hermit
was present once in the genome of the strain of L. cuprina from which it was
originally isolated and in 10 other strains from Australia, New Zealand and South
Africa (Coates et al., 1996).

Hector from the Australian bush fly, M. vetustissima, is highly similar to hobo and
Hermes. Hector is a single copy sequence in the M. vetustissima strain from
which it was isolated (Warren et al., 1995).

3.) The mariner element family

mariner elements are wide-spread in insects (Robertson 1993; Robertson et al.,
1995) including D. simulans, D. sechellia, D. teissieri, D. yakuba and Zaprionus
tuberculatus (Capy et al., 1991; Maruyama and Hartl, 1991b ). However most of
the elements appear to be non-functional. This made it extremely difficult to
isolate the few forms of the element that may encode a functional transposase
(Atkinson et al., 2001). To date only two mariner elements have been isolated or
reconstructed from insects-Mos/ and Himar.

Mosl from D. mauritiana, is the only naturally occuring mariner element that has
been isolated from insects. Mos/ is 1286 bp in length with a single long ORF. The
element has 28 bp inverted terminal repeats containing four mismatches and
creates a 2 bp TA repeat at its insertion site (Jacobson and Hartl, 1985; Haymer
and Marsh, 1986).
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Mos1 has been used for transformation of D. 'melanogaster (Lidholm et al., 1993)
and Ae. aegypti (Coates et al., 1997, 1998). Interplasmid transposition assays
demonstrated that Mos17 could accurately transpose in at least three species of
non-drosophilid insects (Coates et al., 2000): Ae. aegypti, Lucilia cuprina, and
Bactrocera tryoni. Mos1 has also been used for transformation of other
eukaryotes including Leishmania, zebrafish, and chickens (Fadool et al., 1998;
Gueiros-Filho and Beverley, 1997; Sherman et al., 1998).

In D.melanogaster transformants, in transpositions arising from interplasmid
transposition assays performed in B. tryoni, L. cuprina, and Ae. aegypti, and in
transpositions performed in vitro, the Mos1 sequences that are integrated are
delimited by the terminal nucleotides of the Mos1 element (Lidholm et al., 1993;
Coates et al., 1997, 1998; Tosi and Beverley, 2000). In Ae. aegypti transgenics,
most (three of four) of the transformed lines contain Mos7 elements that have
been integrated in the same manner, however, one of the lines contains Mos1
element together with flanking plasmid DNA sequences (Coates et al., 1998).
When Mos1 transposase protein was used instead of helper plasmid, only these
types of integration events were recovered (Coates et al., 2000).

Himar is a reconstructed element based on the sequence of various copies of
mariner elements isolated from the horn fly, Haematobia irritans (Lampe et al.,
1996). Himar is mobile in D. melanogaster but is unsuccessful as a gene vector in
this species (Lampe et al., 1996)

Himar1 has been genetically modified both to improve our understanding of the
molecular basis of its movement and also to isolate hyperactive forms of this
element (Lampe etal., 1999). Two Himar1 mutants displayed increased levels of
transposition in E. coli. Neither of these, however, showed an increase in
transpositional activity in Drosophila. Nevertheless this type of strategy will no
doubt lead to new forms of Himar1, and some of these forms will most likely also
have hypermobility properties in insects.
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As for other members of the mariner/Tc1 superfamily of elements, Mos1 and
Himar1 are inserted only at TA dinucleotide sequences where they create 2-bp
target site duplications. Studies performed in vitro for both elements have
revealed that this insertional specificity is dependent on the presence of
magnesium and is reduced when manganese is substituted for magnesium
(Lampe et al.,, 1998; Tosi and Beverley, 2000). The physical properties of both
transposases are similar, and both displayed increased rates of transposition with
increasing transposase concentration (Lampe et al., 1998; Tosi and Beverley,
2000).

4.) The Tcl element family

The Tcl element is a short inverted repeat-type element originally identified and
isolated from the nematode Caenorhabditis elegans (Emmons et al., 1983).
Related elements are found in a number of other organisms including insects.
Four Tcklike elements have been isolated from Drosophila species; HB and Baril
from D. melanogaster (Caizzi et al., 1993), Uhu from D. heteroneura (Brezinsky et
al., 1990) and Minos from D. hydei (Franz and Savakis, 1991).

Minos, is currently of the most interest of this family. It was originally identified as
a dispersed repetitive sequence within the transcribed spacer of a rRNA gene of
D. hydei (Franz and Savakis, 1991). Minos is 1775 bp in length, has inverted
terminal repeats of 255 bp and two long non-overlapping ORFs separated by a
60-bp intron. The two open reading frames are part of the same transcription unit
and result in a spliced product (Franz and Savakis, 1991). Minos inserts at TA
residues and creates 2-bp target site duplications (Franz and Savakis, 1991).
Minos is inserted at multiple locations within the genome of D. hydei and different
strains of this species display insertion site polymorphisms (Franz et al., 1994).

Minos has been shown to be capable of transposition in several different An.
gambiae cell lines as well as in developing Anopheles stephensi embryos
(Catteruccia et al., 2000a). Successful transformation of An. stephensi, using a
Minos element containing the EGFP genetic marker, has been reported
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(Catteruccia et al., 2000b). Two types of integration events were observed for
Minos when it was transfected into anopheline cell lines (Catteruccia et al.,
2000a). One type of integration event involved the Minos element and flanking
sequences. The second type of integration event occurred through the cut-and
paste transposition of the Minos element into the anopheline genome and
created TA target site duplications associated with this type of transposition. The
reason for this difference in integration mode is unknown, although Catteruccia et
al. (2000a) speculated that the cut-and-paste mode of transposition was perhaps
more likely to occur with increasing transposase concentration.

Tcl is highly mobile in C. elegans, while Minos appears to be the only known
active Tcklike element from insects (Franz et al., 1994). Minos is also mobile in
non-host species of insects such as D. melanogaster and resulted in germ-line
transformants at a frequency of approximately 2% (Loukeris et al, 1995a).
Integrated Minos elements were delimited by the inverted terminal repeats and
created TA dinucleotide duplications at the integration site. Minos was also used
as a germline transformation vector in the Medfly, C. capitata, which was the first
successful transformation of non-drosophilid insects (Loukeris et al., 1995b). A
Minos vector was constructed by replacing the transposase transcription unit with
the cDNA C. capitata white* gene controlled by the hsp70 promoter of D.
melanogaster. The Minos vector and transposase helper plasmids were co-
injected into preblastoderm Medfly embryos homozygous for a recessive
mutation in the white locus. The transformation rate was 1.3%.

5.) The TTAA-specific transposable element family

TTAA-specific transposable elements are a diverse group of short inverted
repeat-type elements that were identified as insertion sequences in
baculoviruses that infect lepidoptera cell cultures. These sequences were
subsequently found within the genomes of the lepidoptera from which the
baculoviruses were isolated (Beames and Summers, 1990; Fraser et al., 1985).
These elements share two features. First, the §' end of their terminal inverted
repeats end in two or three C residues. Second, these elements are always found
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inserted in a TTAA target site. Beyond these similarities the elements have little in
common. Their terminal inverted repeats are 13-15 nucleotides and their overall
length can vary from 2.5 kb (piggyBac or IFP2) (Fraser et al., 1983; Cary et al.,
1989) to 780 bp (tagalong of TFP2) (Fraser et al., 1983).

Of the TTAA-specific transposable element family, piggyBac has been developed
into an efficient gene vector in insects. ThepiggyBac element, isolated originally
as an insertion sequence in the Galleria mellonella NPV (GmMNPV) following
passage in the Trichoplusia ni-derived cell line TN-368. piggyBac is 2.5 kb in
length and possesses 13-bp inverted terminal repeats (Fraser et al, 1995). It
contains a 2.1 kb long open reading frame that encodes a transposase with little
or no structural similarity to other eukaryotic transposases. The piggyBac element
inserts at TTAA sequences in the genome and, upon insertion, generates a
duplication of this sequence (Fraser et al., 1995). piggyBac also excises
precisely from the donor site (Elick et al., 1996).

piggyBac has been used for germline transformation in a range of insect species,
including D. melanogaster (Handler and Harrell, 1999), C. capitata (Handler et
al., 1998), Anastrepha suspensa (Handler, 2001), M. domestica (Hediger et al.,
2001), T. castaneum (Berghammer et al., 1999), B. mori (Toshiki et al., 2000), P.
gossypiella (Peloquin et al., 2000), and L cuprina (Heindrich et al., 2002). In all
cases, integration has been by transpositional recombination of the piggyBac
element. Transformation frequencies generally vary from 1-10%, although an
extremely high value of 60% was observed for T. castaneum transformation
(Berghammer et al., 1999).

1.4.3 The Promoters Commonly Used in Transformation Systems

1.4.3.1 hsp70 gene promoter

In Drosophila, the hsp70 gene is the most highly conserved of seven heat shock
protein-coding genes (Ashburner and Bonner, 1979). It has been shown that
expression of cloned copies of the hsp70 gene introduced into the genome of
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mouse tissue culture cells can be controlled by heat shock, indicating a
considerable conservation of regulatory signals (Corces et al., 1981). The hsp70
genes of D. melanogaster appear to be activated exclusively in response to heat
shock. The expression of the hsp70 gene is normally at a very low level and
increases by more than 2 orders of magnitude during heat shock (Atkinson et al.,
1985). Maximum synthesis of hsp70 occurs at 37°C (Lindquist, 1980). Induction
involves the binding of a heat shock factor (HSF) to several sites located
upstream from —-50 with' respect to the transcription start point. The heat shock
elements (HSEs) within the region from -90 to -50 are sufficient to confer heat
shock induction (Xiao et al., 1988). Analysis of the structure of the hsp70 promoter
reveals that TFIID, RNA polymerase Il, and another sequence-specific factor
called the GAGA factor associate with the promoter prior to heat shock induction
(Lis et al., 1993; Weber et al., 1997). The hsp70 promoter of D. melanogaster has
been an important paradigm for investigating the mechanism of transcriptional
regulation (Hoch et al., 1990; Chi et al., 1995). However, the hsp70 promoter
appears to have low activity in L. cuprina embryos (Atkinson and O'Brochta,
1992).

1.4.3.2 hsp83 gene promoter

The hsp83 gene (or hsp82 in some species) is one of the major heat shock genes
of D. melanogaster. It is a single-copy gene in the D. melanogaster genome and
encodes the largest major heat-shock polypeptide (Holmgren et al., 1979). The
hsp83 gene is highly conserved with homologues in E. coli, yeast, Drosophila
and humans (Farrelly et al., 1984; Bardwell and Craig, 1987; Rebbe et al., 1987).
Studies of the hsp83 genes from four Drosophila species revealed conserved
DNA sequences that are postulated to be involved in the heat shock response
(Blackman and Meselson, 1986). The hsp83 gene regulatory region contains
heat-responsive elements, with three overlapping copies of the heat shock
consensus sequences (-88 to -49, CnnGAAnn TTCnnG) (Pelham et al.,, 1982;
Pelham, 1985) being required for full levels of heat shock-inducible expression of
the hsp83 gene (Xiao et al., 1989). In contrast to the hsp70, the hsp83 gene in D.
melanogaster is expressed at high levels at all stages during normal
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development of the animal (Mason et al., 1984) and increases only several fold in
response to heat shock (Xiao et al., 1989). The maximum synthesis of hsp83
occurs at 33°C (Lindquist, 1980). Coates et al. (1996) reported that hsp83 from D.
pseudoobscura elicits a high level of expression of the cat (Chloramphenicol
acetyltransferase) gene in L. cuprina embryos. Since the hsp70 promoter has low
activity in this species, this result suggests that the hsp83 promoter may be
utilised as an exogenous promoter in other non-drosophilid insects in which poor
expression levels are obtained from constructs containing the hsp70 promoter.

1.4.3.3 al-tubulin promoter

a1t gene encodes al-tubulin protein, a subunit of microtubules, which are
necessary for cell division, cell motility, intracellular transport, and maintenance of
cell structure. The a7t gene is one of the four a-tubulin genes of D. melanogaster

and is the only one that appears to be expressed at high levels in all tissues and
stages of development (Kalfayan and Wensink., 1982; Natzle et al., 1984;
Matthews et al., 1989;).

Three regions within -157 to +696 of the transcription start site are sufficient to
direct the a1t core promoter to begin transcribing at the stage of cellular

blastoderm formation and to continue thereafter at high levels in all tissues and
developmental stages. The first two regions (TE1, 29bp and TE2, 68bp) are
located immediately upstream (-157 to - 61) of the core promoter (-35 to -26).
They are independent regulatory elements that function in all tissues and prevent
chromosomal position effects. The third region is located a short distance
downstream from the core promoter within the first intron. These three elements

protect the a7t promoter from distal enhancers or silencers act in all tissues

(O'Donnell et al., 1994). The a1t promoter provides a means for ubiquitous

expression of gene products independent of the site of chromosome insertion.
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1.4.3.4 armadillo promoter

armadillo , a segment polarity gene, produces very abundant transcripts, which
are found at all stages but accumulate to the highest levels during early to mid
embryogenesis and early pupal development (Riggleman et al., 1989). arm
transcripts are uniformly distributed and expressed in a wide range of cell types
(Riggleman et al., 1989). arm is known to have a broad developmental
requirement, and loss of arm function appears to affect many cell types at all
stages (Gergen and Wieschaus, 1986). The arm promoter has been used as a

constitutive promoter to drive p-galactosidase expression in all cell types in

Drosophila (Vincent et al., 1994)

1.4.4 Marker Genes for Identification of Insects

Early attempts at transformation of insects often used drug resistance gene as a
marker, but the selection conditions are empirical and the false positive rate is
high (Ashburner, 1995). Insecticide resistance (for example, to dieldrin or
parathion) (Benedict et al., 1994) genes may be better, but, best of all would be a
mutant in the target insect that has a phenotype which can be complemented by a
transformed gene.

1.4.4.1 The white genes

The white gene of D. melanogaster is widely used as a marker gene to identify
transformants in this species. Similarly, the Medfly white gene functions as a
transformation marker in transgenic Drosophila (Zwiebel et al., 1995) and Medfly,
Ceratitis capitata (Loukeris et al., 1995b). Further, white-eyed mutants of L.
cuprina exist and the white gene of this species has been isolated (Elizor, 1990)

1.4.4.2 GFP marker gene

The green fluorescent protein (GFP), from jellyfish Aequorea victoria (Chalfie, et
al., 1994), is monomeric, soluble, extremely stable and brightly fluorescent. These
properties derive from its tightly packed three-dimensional structure that rigidly
holds a chromophore within the core of an eleven-stranded B-barrel (Tsien,

1998). With the ability to clone and express GFP in a diverse range of cells and
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organisms including bacteria, yeast, plants and higher animals, GFP has become
a versatile fluorescent marker for monitoring physiological processes, visualising
protein localisation and detecting the expression of transferred genes (Gerdes
and Kaether, 1996). The wild-type GFP consists of 238 amino acids (Yang et al.,
1996). This protein fluoresces without specific cofactors when illuminated at the
correct wavelengths, and can be detected in live animals provided they are
reasonably transparent (Chalfie et al., 1994; Wang and Hazerigg, 1994). Further,
the fluorescence can be quantified using fluorimeters or imaging devices.

Since there is no enzymatic amplification step, GFP is less sensitive as a reporter
gene than the bacterial B-galactosidase gene that has been widely used.

However, new generations of mutant GFPs that are brighter have compensated
for this shortcoming. Heim et al. (1995) developed a mutant GFP (S65T) that
improved fluoresence intensity 4- to 6-fold upon excitation. By a molecular
evolution method using a DNA shuffling technique, Crameri et al. (1996) obtained
a mutant with a whole cell fluorescence signal that was 45-fold greater than
standard.

GFP or its enhanced derivative (EGFP) has been used as a genetic marker in
organisms as diverse as D. melanogaster (Plautz et al., 1996; Handler and
Harrell, 1999), Ae. Aegypti (Pinkerton et al., 2000), pink bollworm (Lepidoptera:
Gelechiidae) (Peloquin et al., 2000), sik worm (Tamura et al, 2000),
Caenorhabditis elegans (Chalfie et al., 1994), zebrafish (Amsterdam et al., 1995)
and mammals (lkawa et al., 1999).

Horn (2000) reported that an artificial promoter containing three binding sites for
Pax-6 homodimers in front of a TATA box (3xP3) was hyperactive, regionally
restricted and universal. This promoter can drive expression of an enhanced GFP
variant (EGFP) in the eye of D. melanogaster and in the flour beetle Tribolium
castaneum (Tsien, 1998). The evolutionary conservation and the 'master
regulatory' function of Pax-6 in the eye development of insects and vertebrates
means that the 3xP3 promoter should be active in any photoreceptor cell. The
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small size of the marker gene (1.3 kb) allows for small transposon constructs,
resulting in high transformation rates. Horn et al. (2000) constructed three vectors
based on the Hermes, piggyBac and mariner transposons, each carrying the
3xP3-EGFP marker. Together with helper plasmids to provide the respective
transposase, these vectors were microinjected into Drosophila eggs of a strain
mutant for the white gene. They obtained transgenic lines displaying strong
fluorescence with transformation efficiencies of 4% for mariner, 50% for Hermes
and 35% for piggyBac.

1.4.4.3 cinnabar marker gene

The cinnabar eye colour gene is one of the four genes that are absolutely
required for xanthommatin synthesis (reviewed by Lizen, 1974). Xanthommatin is
the main ommochrome screening pigment found in dipteran eyes which is
biosynthetically derived from tryptophan via a series of oxidation reactions that
involve  N-formylkkynurenine, kynurenine, and 3-hydroxykynurenine as
intermediates (reviewed by Linzen, 1974; Summers et al., 1982). The cinnabar
(cn) gene encodes the third enzyme of the pathway, kynurenine 3-
monooxygenase (Sullivan et al., 1973; Warren et al., 1996).

The cinnabar (cn) gene was successfully used as a marker gene in D.
melanogaster a white-eyed strain has been isolated that lacks kynurenine 3-
monooxygenase activity. It has also been used successfully as a marker gene in
the strain of Ae. aegypti (Jasinskiene et al., 1998; Coates et al., 1998).

1.5 INDUCIBLE GENE EXPRESSION SYSTEMS
1.5.1 Overview
An inducible gene expression system involves the ability to adjust levels of gene

expression by varying levels of inducer, thereby permitting correlation of
phenotype with the level of expression (Jaenisch, 1988).
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Several inducible systems for regulating target gene expression have been
reported in the past. The earliest systems involved the use of heat shock (Bienz et

al., 1986), isoprotyl B-D-thiogalactoside (IPTG) (Baim et al., 1991), and heavy

metals (Mayo et al., 1982) as inducing agents. Because of their lack of specificity
(heat shock induces many other endogenous genes) and toxicity (associated with
IPTG and heavy metals), several research groups reported the successful use of
drug- or ligand-inducible systems in vitro and to some extent in vivo. Such
inducing agents or drugs include FK1012 or rapamycin (Spencer et. al, 1993)
mifepristone (RU 486) (Wang et al, 1994, 1997), tetracycline (Gossen et al.,
1995, Bello et al., 1998), and ecdysone (No et al., 1996). A common approach
with these various drug-inducible systems involves the use of a chimeric
transcriptional activator that reversibly binds a target gene construct in response
to the administered drug or ligand.

1.5.2 Tetracycline-Regulated Inducible Gene Expression Systems

1.5.2. 1 Mechanism of tetracycline action on bacteria

Tetracycline (tet) is assumed to enter the bacterial cell by diffusion across the
cytoplasmic membrane in the neutral form. After tetracycline has diffused through
the cytoplasmic membrane into bacteria of different species it chelates a divalent

cation, preferentially Mg2+. The complex [MgTc]+ acts by binding to the small
(30S) prokaryotic ribosomal subunit, thereby inhibiting protein biosynthesis and
stalling the growth of the invaded cell (Wissmann and Hillen, 1989).

1.5.2.2 The resistance mechanisms of bacteria against the
tetracycline-type antibiotics
The presently known resistance mechanisms against the tetracycline-type
antibiotics involve protons that either protect the ribosome from attack by [MgTc)*
(Burdett, 1991) or export tetracycline out of the bacteria cell (Mendez, et al., 1980;
Schnappinger and Hillen, 1996).
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The export mechanism is most abundant among gram-negative bacteria. It relies
on the transport protein TetA, which is embedded in the cytoplasmic membrane

and acts as an antiporter by coupling the export of [MgTc]*+ out of the resistant

bacterial cell with the uptake of H*+ (Eckert and Beck, 1989; Mager and Saier,
1993). The expression of TetA is tightly regulated by the tetracycline repressor

(tetR). TetA would be disadvantageous for the cell in the absence of [MgTc]t,
since it interferes with the maintenance of the eletrostatic potential across the cell
membrane (Ecker and Beck, 1989).

1.5.2.3 Induction of the tetracycline repressor (TetR) by [MgTc] *

The tetracycline repressor occurs as the homodimer (TetR), in which two identical
helix-turn-helix (HTH) motifs bind in the absence of [MgTc] *+ to two adjacent
major grooves of DNA. (TetR) , has only a low affinity to nonspecific DNA
sequences but binds tightly to two specific DNA operator sequences, tetO71 and

tetO2. Binding of [MgTc]+ to (TetR) , induces a conformational change that
weakens its affinity to tetO in two steps, depending on conditions: 102 % 103 fold

for the first and 104 - 107 fold for the second bound [MgTc]+. Thus the overall
affinity of (TetR)2 to tetO is reduced by 6-10 orders of magnitude (Leder et al.,
1995), so that expression of the genes tetR and tetA can now proceed. The
antiporter protein TetA is inserted into the cytolplasmic membrane and exports

[MgTc] +, thereby preventing attack of [MgTc] + at the ribosomal 30S subunit,
which has 1000-fold lower affinity to [MgTc] * than (TetR),.

1.5.2.4 Tetracycline-regulated inducible gene expression systems

The inhibition of (TetR) , binding to the tetO DNA [MgTc] + has been utilized by
molecular biologists as an easily controllable switch for the regulation of gene
expression in transgenic organisms (Gatz et al., 1991; Wirtz and Clatyton, 1995;
Freundlieb et al., 1997).
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The first tetracycline-regulated gene expression system developed by Gossen
and Bujard (1992), for use in mammalian cells, provides a genetic tool for
controlled gene expression in eukaryotic cells. This system consists of
constitutive expression of the tetracycline transactivator protein (tTA) and the
tetracycline inducible promoter pTet.

tTA is a fusion protein (Gossen and Bujard, 1992) composed of a 207 amino acid
sequence of tetracycline tetR and the transcriptional activation domain of the
VP16 protein of herpes simplex virus. pTet contains the human cytomegalovirus
(CMV) immediate early (IE) minimal promoter/enhancer preceded by the tetO.
The gene to be regulated by transactivator tTA is placed under the control of pTet.
In the absence of tetracycline, the tetracycline repressor portion of {fTA mediates
high affinity, specific binding to tetO. In the presence of tetracycline, however, a
conformational change in tetR prevents tTA from binding to tetO (Heinrichs et al.,
1994). In the initial study, performed in HeLa cells stably expressing tTA,
expression of luciferase was very low in the presence of ng/ml quantities of
tetracycline, and removal of tetracycline resulted in as much as a 100,000-fold
increase in luciferase levels (Gossen and Bujard, 1992).

This basic system has been used extensively in tissue culture for the expression
of a variety of different genes (Fruh et al., 1994, 1995). This system has also been
used to identify the targets of a viral transcriptional transactivator, to examine the
phenotype of cells over expressing a tyrosine kinase that regulates c-src, and to
determine the consequences of disregulated expression of various cell cycle
regulators both in Hela cells and rat fibroblasts (Mendez et al., 1980;
Schnappinger and Hillen, 1996). This system has also been used to produce

transgenic mice reversibly expressing luciferase or f—galactosidase in a variety
of fetal and adult tissues (Furth et al., 1994).

In an attempt to activate higher levels of gene expression than those obtained
with the basic system, and to prevent possible toxic effects of constitutive tTA
expression, Shockett et al. (1995) placed tTA under the control of tetP, resulting in
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the autoactivation of tTA in the absence of tetracycline. This autoregulatory
system appeared to have two important advantages when compared with a
system constitutively expressing tTA: it yields substantially higher levels of target
gene expression, and the frequency of inducible clones obtained was higher.
Transgenic mice produced by coinjection of the autoregulatory tTA and a tetP-
driven luciferase transgene expressed luciferase inducibly in a variety of tissues
with highest levels in thymus and lung (Shockett et al., 1995).

Gossen et al. (1995) developed a modified system by generating a mutant tetR:
VP16 fusion protein (tTA) which has the reverse property of only binding to the
tetO and activating transcription in the presence of the tetracycline derivatives,
doxycycline or hydrotetracycline. Using the CMV IE promoter to drive stable
expression of tTA in HelLa cells, luciferase activity could be induced by 3 orders
of magnitude in 20 hrs after the addition of the tetracycline derivatives. This
system now has many applications in various fields of medical research
(Bieschke et al., 1998; Xiao et al., 2000).

Although the systems described above have been used successfully in many cell
lines, cautions have been raised regarding the general efficacy of the systems in
all cell or tissue types (How et al., 1995). Because of the heterogeneity in gene
expression that has been observed in some cases, it is generally agreed that
success in any given cell or tissue milieu might require alternative minimal
promoters and careful choice of constitutive or tissue-specific promoters for
transactivator expression (Gossen and Bujar, 1995; Hennighausen et al., 1995).

A study of transgenic tobacco plants by Weinmann et al. (1994) demonstrated the
feasibility of placing the tTA and reporter genes in opposing orientations on a
single vector. Streamlined single vector expression systems for mammalian cells
have also been developed and provide advantages for certain applications.
Baron et al. (1995) constructed a series of plasmids that contain two minimal
promoters in opposite orientations on either side of the heptamerized tetO
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allowing the tetracycline-regulated expression of two genes in stroichiometric
amounts from a single vector.

1.5.2.5 The inducible gene expression systems in D. melanogaster
In Drosophila, two major systems have been designed to achieve the conditional
expression of gene constructs integrated into the genome. One is that the target
gene is placed under the control of a heat shock (hsp) protein gene promoter.
The heat inducible promoter of the hsp70 gene is commonly used for this
purpose (Schneuwly et al.,, 1987). A high level of expression can be obtained
following a heat shock to the individuals at heat shock temperatures. Because the
induction of the transgene can be precisely controlled, this offers a unique
opportunity to determine at which stage the gene is required to achieve its
function. This approach however has limitations. First the heat shock stress
required for induction causes the activity of the genes expressed at normal
temperatures to be severely repressed (Gibson and Gehring, 1988). Thus, it may
be difficult to distinguish between the primary and secondary effects of over
expression. Second, since heat shock causes the ectopic expression in all cells,
various indirect effects, including lethality, may mask the result of the ectopic
expression in the desired cell types.

Another approach to achieve the conditional expression of a gene is to engineer
a gene construct inducible by a single transcription factor whose activity can be
controlled in vivo such as tTA.

Bello et al. (1998) generated transgenic lines carrying the tetracycline-controlled
transactivator gene controlled by the hsp70 promoter and the E. coli lacZ gene
fused to a tTA-responsive promoter. These authors found that expression of

B~galactosidase can be efficiently inhibited in larvae with tetracycline provided in

the food, and that simple removal of the larvae from tetracycline exposure results
in the induction of the enzyme in a time- and concentration-dependent manner.
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Bello et al. also made transgenic lines carrying the antennapedia (ANTP) gene
controlled by the {TA responsive promoter. Treatment with tetracycline was used
to prevent the lethality associated with the ectopic expression of ANTP in
embryos and subsequently, to control the timing of the homeoprotein ANTP
specifically in the antennal imaginal disc. Their results show that the expression
of a gene placed under the control of a tetracycline-responsive promoter can be
tightly controlled in insects, both spatially by the regulatory sequences driving the
expression of tTA and temporally by tetracycline.

Bieschke et al. (1998) developed a doxycycline (dox)-induced transgene
expression system (“tetracycline-on” system) in Drosophila melanogaster. Using
the actin5C promoter to drive the expression of riTA in transgenic flies. For the

reporter gene, they made three constructs each contained the E. coli -

galactosidase (8-gal) gene driven by tetOx7-adh core promoter and tetOx7-hsp

70 core promoter respectively. Feeding of the flies containing the actin5C-rtTA
transgene and any one of the three reporter constructs with dox caused up to

100-fold induction of g—gal.

Heinrich and Scott (2000) developed a tetracycline induced female-specific lethal
system in Drosophila melanogaster. In this system the regulator gene tTA was
placed under the control of the fat body and the female-specific transcription
enhancer from the yolk protein 1 (yp1) gene. The targeting gene was the
proapoptotic gene hid driven by 7 copies of tetO linked to a minimal promoter.
Female flies died in the absence of tetracycline added to the culture medium.
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1.6 RESEARCH AIMS

The main objective of this study was to develop a female-killing system for
Australian sheep blowfly, L. cuprina based on the D. melanogaster msi2 gene
which will enhance the ability to eradicate economic pests by SIT technology.

The specific aims of this study were:
1. Develop new piggyBac and Minos transformation systems and use Drosophila
melanogaster as a model system to evaluate their effectiveness at mediating both

inter-plasmid transposition and germ-line transformation.

2. To use the piggyBac and /or Minos helper plasmids to develop a method for
germline transformation of L. cuprina.

3. To develop and evaluate a controllable female-killing genetic system in D.
melanogaster based on the regulation of msi2 gene expression by {TA.



CHAPTER 2

MATERIALS AND METHODS
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2.1 PLASMIDS AND BACTERIAL STRAINS

The plasmids and bacterial strains used in this study are described in Table 2.1.

2.2 BACTERIAL MEDIA

2.2.1 Luria Broth (LB)

LB contained (g/L): tryptone, 10; yeast extract, 5; NaCl, 5 and NaOH, 1 mL.
For LB agar 25 g/L of agar (Davis) was added to LB medium before autoclaving.

2.2.2 SOB

SOB contained (g/L): tryptone, 20; yeast extract, 5; NaCl, 0.6 and KCI, 0.2. After
autoclaving the medium was supplemented with (g/L): MgCl,, 0.2, MgSO,,.

2.2.3 SOC

SOC contained (g/L): tryptone, 20; yeast extract, 5; NaCl, 0.6 and KCI, 0.2. After
autoclaving the medium was supplemented with (g/L): MgCl,, 0.2, MgSO,, 2.5
and sterile glucose, 3.6.

2.2.4 Terrific Broth (TB)

TB contained (g/L): tryptone, 12, yeast extract, 24 and 4 mL glycerol. This mixture
was made up to 900 mL with sterile water. After autoclaving the medium was
supplemented with 100 mL of 0.72 M K,HPO,,

2.2.5 Brain Heart Infusion (OXOID)
Brain Heart Infusion (BHI) (g/L): 37 g was added to 1 litre of distilled water which
contained: Calf brain infusion solids, 12.5; Beef heart infusion solids, 5.0;
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Plasmid or
Bacterial Strain Relevant Characteristic

Source

Plasmids

pBluescript IIKS- 2.96 kb phagemid derived
from pUC19. Contains lacZ
gene interrupted by multiple
cloning sites flanked by T3
and T7 promoters.

pCaSpeR-arm-pgal1 3.75kb, pCaSpeR (pUC,
mini-white, P-element 5'
and 3' ends) containing
1.7kbEcoRI/Kpnl
armadillo promoter and
4.4kb lacZ with SV40 3' UTR.

pCaSpeR4 7.9 kb, pCaSpeR with
additional Xho | (2), Stul, Hpa |
(3), Sall, Spel, Sfil, Notl, Ssti |,
Kpn | sites, with Sstl and EcoR |
sites removed.

Stratagen

J.P Vincent

V. Pirrotta




pTURBO(pUCsnA23) 7.3 kb, pUC118 containing Rio and Rubin,

pHSShsILMi20

pMiwNotl

p3E1.2

pBAC(C.cw+)

pBsplIKS(+)-2Notl

3.6 kb P-element coding (1985)
sequence, hsp70 promoter
and ry 3° flanking region

5 kb, Minos gene controlled by B. Savakis
hsp70 promoter.

8kb,pTZ18R based vector, B.Savakis
carrying hsp70 promoter /
C.cw/hsp70 polyAsignal.

5.962 kb, pUC18 containing P. Shirk and M. Fraser
an active piggyBac element
with a Hpa | unique site.

9.6 kb, a Not| site was introduced A. Handler
into the unique Hpal site of p3E1.2,

and a Not | fragment containing

the D. melanogaster hsp70

promoter and C.cw+ gene was

inserted. The piggyBacORF has

been disrupted, so won't

transpose unless povided with this
transposase.

3 kb, pBluescriptllks(+) with J. Heinrich (our lab)
another Not | site added
between Kpn I/ Xho |
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pW.T. APr. 9 kb, P element based vector _ A. Bello, W. Gehring
containing w/ multi cloning sites/
tTA.

pBac(C.cw+)-al-tub10.4 kb, pBac(C.c .w+) added  J. Heinrich (our lab)

a1-tub promoter.

pGEM-T-al-tub 3.9 kb, pGEM-T containing a7- J. Heinrich (our lab)

tub promoter.

pBsptlIKS(+)-hsp833.8 kb, pbluescriptllks (+) J.Heinrich (our lab)
containing hsp83 promoter
between EcoR V and BamH1
sites.

pXL1 5.3 kb, pBulescriptlIKS- contains This study
msl-2 between EcoR | and BamH |.
Smal site is destroyed.

pXL4 10.8 kb, pCaSpeR-arm-fgal This study
cantains 2.3 kb ms/-2 between
EcoR | and Xba | sites and SV40
polyA signal.

pXL9 11.4 kb, pCaSpeR4 added This study
3.55kb hs70 promoter /msi2
/ SV40 poly A signal gene
cassette in Not | site.
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pXLi2

pXL13

pXL14

pXL15

pXL16

pXL17

pXL18

pXL19

pXL20

7.5 kb, pBluescriptKS(+)-2Notl  This study
added D. melanogaster 4.5 kb
mini-white gene in Hind lll site.

10.05 kb, pUCBac(C.cw+) This study
replaced C. cw with D.

melanogaster mini-white

between Not | sites.

4.55 kb, pBluescriptllKS(-)added This study
1.58 kb piggyBac tail EcoRV at site.

5.03 kb, pX14 added 0.483kb  This study
piggyBac head in EcoR V site.

5.5 kb, pXL15 added hsp70 This study
promoter between Not l/Sma |
sites.

6.0 kb, pXL15 added hsp83 This study
promoter between Not/Sma I.

5.8 kb, pXL15 added o1- tub This study

promoter between Notl/Sma |.

10.8 kb, pWT.APr. added This study
1.8 kb arm promoter between

EcoR I/Kpn | sites.

9.8 kb, pWT.APr. added This study

0.8 kb o 1-tub promoter between
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pXL23

Bacterial Strain

Esherischia coli
DH5a

Max efficiency

DH5a™

competent cells

EectroMax™
DH10B™ Cells

EcoR | / Kpn | sites.

3.76 kb, pBluescriptllKS(-) added This study
0.8kb a1-tub promoter between

Notl/Sma | to get an extra EcoR | site.

-F80dlacZDM15D(lacZYA- argF) Hanahan (1983)
U169deoR recA1hsdR17(pk,

mk*) phoA supE44)\~ thi-1 gyr
rA96 relA1

¢80d/acZMA15 A (lacZYA-argF) Life Technologies
U169 deoR recA1hsdR17(ri",

mk*) phoA supE44\— thi-1gyr
A96 relA1

F-mcrAA (mrr-hsdRMS-mcBC) Life Technologies
¢80dlac ZMA15 AlacX74 deoR
recA1 endA1 araD139A(ara, leu)

7697 gal galK\~ rpsL nupG

46



47

Proteose peptone, 10.0; Glucose, 2.0; Sodium chloride, 5.0; Di-sodium
phosphate, 2.5. pH 7.4 + 0.2. For BHI agar 25 g/L of agar (Davis) was added to

BHI medium before autoclaving.

2.2.6. Antibiotics and Media Additives

Ampicillin, A 50 mg/mL stock solution of ampicillin was made and added to LB,

LB agar (section 2.2.1) and BHI agar (2.2.5) to a final concentration of 50 ng/mL

Kanamycin, A 10 mg/mL stock solution of kanamycin was made and added to
LB, LB agar (section 2.2.1) and BHI agar (section 2.2.5) to a final concentration of

30 pg/mL.

Chloramphenicol, A 10 mg/mL stock solution was made up and added to LB,
LB agar (section 2.2.1) and BHI agar (section 2.2.5) to a final concentration of 20

ug/mL.

Tetracycline, A 12 mg/mL stock solution of tetracycline dissolved in 70%
ethanol and added to LB, LB agar (section 2.2.1) and BHI agar (section 2.2.5) to a

final concentration of 12 pg/mL.

X-Gal (5-Bromo-4-Chloro-3-Indyol-p-D-Galactosidase), A 25 mg/mL

stock stock solution of X-gal dissolved in N, N dimethyl formamide and added to
LB, LB agar (section 2.2.1) and BHI agar (section 2.2.5) to a final concentration of

25 pg/mL

IPTG (Isopropylthio-p-D-galactosidase), A 25 mg/mL stock solution of
IPTG was made up and added to LB agar (section 2.2.1) and BHI agar (section

2.2.5) to a final concentration of 25 pg/mL.
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2.3 MAINTENANCE OF BACTERIAL CULTURES

For long term storage, 3 mL of LB (section 2.2.1) was inoculated with a loopful of
culture and grown overnight at 37°C or 30°C. 700 ul of the culture and 300 pl of

sterile glycerol were combined in a sterile cryotube and stored at -70°C.

When required a loopful of the stored culture was streaked out onto an LB agar
(section 2.2.1) plate containing the appropriate antibioic (section 2.2.6) and
incubated overnight at 37°C or 30°C. If necessary the plate was stored for up to
two weeks at 4°C.

24 BUFFERS AND SOLUTIONS

All solutions were made with Milli-Q water, autoclaved if necessary and stored at
room temperature unless otherwise stated.

All solutions were as described in Ausubel et al. (1999)
2.5 PHENOL (TRIS EQUILIBRATED)

Phenol crystals were heated to 65°C until melted. The bottle was filled with
deionized water and mixed to form a fine emulsion between the organic and
aqueous phases. The bottle was then placed at 4°C until the phases separated (8
-16 hours). The upper aqueous layer was removed and the remaining phenol
was aliquoted for standard use.

An aliquot of this water-saturated phenol was taken and an equal volume of 0.5 M
Tris-HCI (pH8.0) was added. This was mixed and the phases allowed to be
separated at 15-30°C. After phase separation the upper aqueous phase was
removed and an equal volume of 0.1 M Tris-HCI (pH8.0) was added. The solution
was repeated until the aqueous phase had a pH of 8.0. The phenol was over laid
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with an equal volume of 0.1 M Tris-HCI (pH 8.0) and stored at 4°C in a foil
covered bottle.

2.6 PURIFICATION OF DNA

2.6.1 Purification of DNA after PCR

Following amplification by Polymerase Chain Reaction (section 2.17), DNA was
purified using the Qiagen QIAquick PCR Purification Kit according to the
manufacturer’s instructions.

2.6.2 Phenol/Chloroform Extraction of DNA

The DNA solution was made up to 200 uL with TE (10 mM Tris pH8 1mM EDTA)

and 20 Wl 3 M NaAc (Sodium acetate pH 5.2) was added. To this solution equal
volumes of Tris equilibrated phenol (section 2.5) and chloroform were added and
shaken for two minutes. The solution was centrifuged at 13 000 rpm for 5 minutes.
The upper aqueous phase was transferred to a new microcentrifuge tube and
ethanol precipitated (section 2.6.3).

2.6.3 Ethanol Precipitation of DNA

Three volumes of absolute ethanol were added to the DNA solution and mixed.
After 2-3 hours or overnight at -20°C or 30 minutes at -70°C the DNA was pelleted
by centrifugation at 13 000 rpm for 15 minutes. The pellet was washed with 70 %
ethanol, air dried and resuspended in TE (10 mM Tris pH 8 1mM EDTA) to the
desired concentration.

2.7 DETERMINATION OF DNA CONCENTRATION

2.7.1 Determination by Comparison to a DNA Ladder
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The A Hindlll/Sstil ladder (bacterophage lamdha DNA which had been digested

with the restriction endonucleases Hindlll and Sstil) was run alongside DNA of an
unknown concentration. The concentration was estimated by comparison to the
intensity of the bands of the ladder. For smaller fragments eg. PCR fragments,
DNA molecular weight marker Xlll (Roche) was used for comparison.

2.7.2 Spectrophotometric Determination of DNA Concentration

The DNA of unknown concentration was diluted in TE and the absorbance read
at 260 nm after zeroing the spectrophotometer with TE. An OD,,, of 1 corresponds

to 50 ug/mL of double stranded DNA. The absorbance reading was multiplied by

50 and the dilution factor to determine the DNA concentration in ng/mL.

2.7.3 Fluorometric Determination of DNA Concentration

The Hoefer Scientific TKO 100 Fluorometer was used to determine unknown
concentrations of DNA according to the manufacturer’s instruction.

2.8 AGAROSE GEL ELECTROPHORESIS
2.8.1 Standard Agarose Gel Electrophoresis

DNA was size fractionated by electrophoresis on agarose gels in 1x TBE (89 mM
Tris-HCI, 89 mM Boric acid and 2.5 mM Na,EDTA) buffer. The concentration of
agarose ranged from 0.8 % for separation high molecular weight fragments to 2
% for separation of small fragments. The appropriate amount of agarose was
added to 1x TBE buffer and microwaved until melted. When the agarose had
cooled it was poured into a casting tray and left to set for 15 - 45 minutes. DNA
fragments containing 1x loading dye (Ficoll 400 20% (w/v), EDTA (pH 8.0) 0.1 M
and bromophenol blue 0.24% (w/v)) were loaded into wells in the set gel

alongside 10 ul of Hindlll/Sstil digest lambda DNA or 4 ul of DNA molecular
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weight marker Xlll (Roche). Gel electrophoresis was carried out in Horizon or
Biorad minigel apparatus for 1 -2 hours at 80-100 Volts. The gel was then stained

for 15 minutes in 2 pug/mL ethidium bromide and distained in water. The gel was

visualised under short wave UV light and photographed using the gel
documentation system (Alpha Innotech).

2.8.2 DNA Extraction from Seaplaque Agarose

Following an appropriate restriction enzyme digest (section 2.9.3), DNA was size
fractioned on a 0.8 -1 % TAE (40 mM Tris acetate, 1.4% (v/v) glacial acetic acid

and 1 mM EDTA, pH 8.5) seaplaque agarose gel. The gel was stained in 2 pg/mL

ethidium bromide and the required fragment was cut out with a scalpel under UV
light. The DNA was purified from the agarose using Qiagen QIAquick Gel
Extraction Kit or the GibcoBRL Concert Gel Extraction System according to the
manufacture’s protocols.

2.9 RESTRICTION DIGESTION OF DNA

2.9.1 Restriction Enzymes

All enzymes were either from New England Biolabs or Boehringer Mannehim.
2.9.2 Analytical Restriction Enzyme Digestion

Restriction enzyme digestions for plasmid analysis after transformation were

carried out in buffer supplied by the manufacturer. Three units of the appropriate
restriction enzyme(s), constituting less than 1/10 of the final volume, was used per

ug DNA. When required BSA was added to a final concentration of 0.1 mg/mL.

RNase (100ug/mL) was added to final concentration of 0.2 pug/mL. Digestions

were incubated at 37°C (unless other wise specified ie. Sma | at 25°C and Sau
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3Al at 65°C) 4-16 hours. After digestion 1/10 volume of 10x gel loading dye was
added, and DNA size frationated by agarose gel electrophoresis (section 2.8.1).

2.9.3 Preparative Restriction Digestion

For digestion of large amounts of DNA, a digest was taken after 2-3 hours
incubation and checked by agrose gel electrophoresis to determine whether
complete digestion has occurred. If digestion was not complete more enzyme
was added and the DNA digested overnight. If digestion was complete, the
enzyme was heat inactivated, if possible, at 65°C for 20 minutes or by
phenol/chloroform extraction (section 2.6.2) and ethanol precipitation (section
2.6.3).

2.10 SOUTHERN BLOTTING TRANSFERRED

Following agarose gel electrophoresis, DNA was to a nylon membrane (Hybond,
Amersham) according to standard procedures. The Whatman 3MM filter paper
wick method was performed instead of the sponge method. One minor
modification to the standard protocol was that after disassembly of the transfer
pyramid, the membrane was sealed in 3MM filter paper baked at 80°C for two
hours, then wrapped in gladwrap and UV crosslinked by placing on a
transilluminator for 45 seconds. For Southern hybridisation analysis, the DNA
was digested with Bgl/ Il and Not |, size separated by agarose gel electrophoresis
and transferred to a nylon membrane. The membrane was hybridised with a [*P]-
labelled probe using standard procedures (Ausubel et al., 2000). The probe was
a mixture of two DNA fragments that were isolated from pB[PUbnIlsEGFP], a 4.3
kb Bgl ll-Cla | fragment and 0.9 kb Kpn | fragment.

2.10.1 Preparation of Labelled Probe
Preparation of labelled probe was performed by using DNA Labelling Beads (-
dCTP) (Ready-ToGo™) according to the manufacturer’s instructions.
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Radiolabelled DNA was separated from unincorported [a-**P]dCTP by using a

ProbeQuant™ G-50 microcolumn (Amersham) according to manufacturer's
instructions.

2.10.2 Hybridisation and Post Hybridisation Washes

The membrane was pre-wet in 5x SSC, then prehybridzed for 3 hrs in
hybridization buffer (15 mL) with constant agitation, at 68°C. The labelled DNA

probe (50 ulL) was denatured by incubation at 100°C for 5 min, then added to the

hybridization buffer, and incubated overnight with gentle agitation at 68°C. After
the hybridization, the membrane was washed by incubating twice, 5 minutes
each, in 2x SSC, 0.1% (w/v) SDS for 15 minutes, and finally 0.1x SSC, 0.1%
(w/v) SDS for 2x 10 minutes at 68°C. The membrane was then briefly blotted dry,
wrapped in SaranWrap and exposed to X-ray film.

2.11 SYNTHETIC OLIGONUCLEOTIDES
Synthetic oligonucleotides used in this study are described in Table 2.2.
2.12 RECOMBINATION DNA MANIPULATIONS

All recombinant DNA manipulations were carried out using standard procedures
(Ausubel et al., 2000) unless otherwise specified.

2.12.1 Filling in 5 Overhangs with DNA Polymerase |, Large
(Klenow) Fragment

After restriction enzyme digestion (section 2.9.3) and heat inactivation, 1 u/ug

Klenow (New England Biolabs) and 33 uM dNTPs were added to 50 ug/mL DNA.

The solution was incubated at 25°C for 15 minutes then heat inactivated at 75°C
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for 10 minutes. If the restriction enzyme could not be heat inactivated a
phenol/chloroform extraction (section 2.6.2) was performed and the DNA ethanol

precipitated (section 2.6.3). The DNA was then resuspended at 50 ug /mL in 1x
EcoPol buffer (New England Biolabs) before Klenow and dNTPs were added.

2.12.2 Removal of 5' Phosphate Groups from DNA with Calf Intestinal
Phosphatase (CIP)

Removal of §' phosphate groups prior to ligation prevents vector self-ligation. 1
U/pmol DNA ends of Calf Intestinal Alkaline Phosphatase (CIP) was added and
incubated at 37°C for 30 minutes. The enzyme was then heat inactivated at 75°C
for 10 minutes. CIP is active in all New England Biolabs” restriction enzyme
buffers.

2.12.3 Annealing Oligonucleotides

Oligonucleotides were resuspended to 100 uM in sterile TE. 25 ng of the two
oligonucleotides (section 2.12) was combined with 15 uL of SM NaCl and the
volume made up to 500 uL with sterile water. The solution was heated to 95°C,

removed from the heat and allowed to cool to room temperature.

2.13 DNA LIGATION

Ligation of DNA fragments was carried out in 1x ligase buffer, with 1 uL of T4 DNA

ligase (New England Biolabs), in a final volume of 10-25 uL. The ligation mixture

contained 200 ng of vector DNA and a 3 fold molar excess of insert DNA to
vector. Prior to ligation vector DNA was treated with Calf Intestinal Alkaline
Phosphatase to prevent self-ligation. Ligations were incubated overnight at 18°C.



Table 2.2 Synthetic oligonucleotides

Synthetic Oligonucleotides

Sequencing Primers

Minlver/primer
tub1
tub2
tub3
tub4
Mipromo
JFO1
JFO3
MFO1
MFO04
tetR/Rev

a—-tubEnd

5-TGT TGT TGT TGG AAATAG AGC-3'
5-GTTGAATTCGAGTCCCAACTAGTCCTGC-3'
5'-TCAATACGGTGAGTACTTTAAA-3
5-TCACCGTATTGAGTTTTTATTGG-3'
5-ATTCACGCTGTGGATGAGGAG-3'
5'-AATCCCTAATCAATACTCTG-3'

5-CCT CGA TAT ACA GAC CGA TAAAAC ACA-3
5-GAG CAATAT TTC AAG AAT GCA TGC GTC-3
5-GTC CAC GAG GCG TAG CCG AG-3'

5-'GTC AGT CAG AAACAACTT TGG CAC-3'
5-AGC CCT CTA GCC CTT CGC TGT CCA-3'

5-CGATTTTCT TGG GGT GTG TAA CTA-3

Oligonucleotide Linkers

EcoNco-Top
EcoNco-Bot
NotNco-Top
NotNco-Bot

5-AAT TCA GAT CTA AAA CAA C-3'
5-CATGGTTGT TTT AGA TCT G-3'
5-GTA CCG CGG CCG CCA TGG C-3'
5'-TCG AGC CAT GGC GGC CGC G-3'

55
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2.14 TRANSFORMATION OF PLASMID DNA

Esherischia coli DH5a cells were transformed with plasmid DNA (section 2.1) by

the method of Hanahan (1983). DH5a cells were streaked out for single colonies
from a glycerol stock onto a SOB agar (section 2.2.2) plate and incubated at 37°C
overnight. Several 2-3 mm diameter colonies were picked off the plate and
dispersed in 1 mL SOB medium (section 2.2.2) by vortexing. A 1 litre flask
containing 30 mL of SOB medium was inoculated with the cells and incubated at
37°C, with moderate shaking, until the cell density reached 4 -7 x 107 viable
cells/mL (OD,, of 0.45 - 0.55). Once the appropriate density was obtained the
culture was collected in an SS34 centrifuge tube and chilled on ice for 10
minutes. The cells were pelleted by centrifugation in a Sorbal RC5C centrifuge, at
3000 rpm for 15 minutes at 4°C. The supernatant was removed and the cells
resuspended in 1/3 the original culture volume of TFB. The cells were chilled on
ice and pelleted as before and resuspended in TFB to 1/12.5 of the original

culture volume. 7 uL of DnD (1 M dithiothreital, 90% (v/v) dimethyl sulphoxide

and 10 mM potasium) was added per 200 uL of cell suspension and mixed
immediately by swirling the tube for several seconds. The cells were chilled on

ice for a further 10 minutes. 210 uL aliquots of cells were transferred into chilled

15 mL polypropylene tubes (Falcon). 1 uL of ligation solution was added, swirled

and chilled on ice for 30 minutes. Vector DNA was used as a positive control. The
cells were heat shocked in a 42°C water bath for 90 seconds and then cooled on

ice for two minutes before 800 uL of SOC (section 2.2.3) was added to each tube.

The cells were incubated at 37°C with moderate shaking for 60 minutes. 100 uL

of each culture was spread onto LB (section 2.2.1) plus ampicillin (section 2.2.6)
plates. The remaining culture was transferred to a microcentrifuge tube and the
cells pelleted at 13 000 rpm for 1 minute. Most of the supernatant was removed

and the pellet resuspended in the remaining drops. 100 puL of this concentrated
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culture was spread onto LB plus ampicillin plates. The plates were incubated
overnight at 37°C.

An alternative transformation method was also used. This method allowed for the
storage of competent cells at -70°C, which could then be thawed and used when

required. A single DH5a colony (section 2.1) from a freshly streaked SOB agar

plate (section 2.2.2) or 200 uL of a fresh overnight culture, was added to 100 mL

of SOB and grown at 37°C until an OD,,, of about 0.55 was reached. The cells
were harvested at 4°C for 10 minutes at 3000 g, resuspended in 28 mL of Tfb1
(100 mM RbCl,; 50 mM MnCl,; 30 mM KAc; 10 mM CacCl, and 15% glycerol; pH
5.8) and left to stand on ice for 20 minutes. The cells were pelleted again at 4°C
for 8 minutes at 2500g and resuspended in 8 mL of Tfb2 (10 mM RbCl,; 80 mM
CaCl,; 0.2% MOPS and 15% glycerol; pH 7.0). The resuspension was divided

into 200 pL aliquots and either used directly or flash frozen in liquid nitrogen, then
stored at -70°C. Before use frozen cells were allowed to thaw on ice. 100 ng of
DNA was added to each tube. This corresponded to 2 -6 uL of a 10 —15 puL

ligation mix. These cells plus DNA were incubated on ice for 20 -40 minutes. The
cells were then heat shocked for 90 seconds at 42°C, cooled on ice for 1 minute,
added to 1 mL of SOC (section 2.2.3) and incubated at 37°C for 1 hour. The

samples were spun for 30 seconds at 13 000 rpm to concentrate the cells. 100 pL

of the supernatant was saved and used to resuspend the pellet. This 100 uL was

plated onto LB agar (section 2.2.1) plus ampicillin (section 2.2.6.1) plates and
incubated overnight at 37°C.

2.15 DNA SEQUENCING

Automated sequencing was employed for analysing DNA sequences and was
provided by Massey University DNA Analysis Service. Either synthetic or

standard primers were used for automated sequencing. 200 ng/uL of double

stranded sample DNA and 0.8 pmol/uL of primers were supplied for sequencing.
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Sequencing reactions were analysed on a ABI Prism 377 DNA sequencing
machine.

2.16 B-GALACTOSIDASE ASSAYS

B-galactosidase assays were based on the method of Simon and Lis (1987).

Equal number male and female flies were transferred to weighed microcentrifuge
tubes and weighed. Then transferred the flies to a 1 mL homogeniser (kontes)

and ground in 500 L of assay buffer (50 mM KH,PO, and 50 mM K,HPO,. 1 mM
MgCl, was added after autoclaving). The homogenate was transferred back to the
microcentrifuge tubes and additional 500 plL assay buffer was added. The
homogenate was centrifuged at 13 000 rpm for 1 minute to remove cellular

debris. 25 uL of the extract from homozygotes, or 50 uL from heterozygotes was
added to 975 pL or 950 uL respectively of assay buffer containing 1 mM

Chlorophenol red-B-galactopyranoside monosodium salt (CPRG). Assays were

performed in triplicate for each sample. The samples were incubated at 37°C.
After 30 minutes each sample was transferred to a 1 mL quartz cuvette and the
absorbance read at 574 nm using a Shimadsu spectrophotometer. The samples
were returned to the microcentrifuge tubes and incubated for a further 30 minutes

after which the absorbance was read again. p-galactosidase activity was

measured as Aabsorbance/min/ug flyweight.

2.16.1 Total Protein Assays

Total protein assays were carried out following the Bio-Rad Protein Microassay
procedure according to the manufacturer's instructions. 0 - 15 ug/mL of bovine
gamma immunoglobulin (BioRad) was used as the protein standard for the

generation of a standard curve. 15 uL of each fly homogenate was assayed in
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triplicate. The average absorbance was calculated and the pg protein/15uL

determined using the standard curve.

2.17 INVERSE PCR AND CYCLE SEQUENCING OF
D.MELANOGASTER DNA

Inverse PCR was performed essentially according to the method of J. Rehm
(http://www fruitfly.org/methods/) using the strategy of Elick et al. (1996) for
piggyBac integrations.

To isolate fly DNA, anesthetized flies (30 for D. melanogaster or 1 for blow fly)
were collected in an eppendorf tube and frozen at -80°C. Flies were

homogenised in 200 uL Buffer A with disposable tissue grinder (Kontes). After

several passes an additional 200 uL Buffer A (100 mM Tris-HCI, pH 7.5; 100mM
EDTA; 100 mM NaCl; 0.5% SDS) was added and homogenisation continued
until only cuticle remained. Samples were incubated at 65°C for 30 minutes. Then
800 uL of LiCl/Kac (Mix 1 part 5 M KAc stock: 2.5 parts 6 M LiCl stock) solution
was added and incubated on ice for at least 10 minutes, then centrifuged for 15
minutes at room temperature at 13,000g. 1 mL of the supernatant was transferred
into a new tube, avoiding floating debris (if debris transfers, respin.). 600 uL
isopropanol was added, mixed, spun 15 minutes at room temperature at 13,000g.
The pellet was washed with 70% ethanol, dried then resuspended in 150 ulL TE.
The DNA was stored at -20°C.

Drosophila genomic DNA was digested with either Tagl or Sau 3A, self-ligated at
low DNA concentration to favour monomeric circle formation then used as a
template for PCR. The primers used to amplify the left arm (Sau 3A digest) were
JFO01 and MF04 (Table 2.2) and for the right arm (Taq | digest) were MFO01 and
MSO03 (Table 2.2). Reactions were heated to 94°C for 5 min then cycled 35 times
(80s at 94°C; 30s at 47°C and 2 min at 68°C) in a Perkin-Elmer 9600
thermocycler.
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2.18 HISTOCHEMICAL STAINING FOR PB-GALACTOSIDASE
ACTIVITY IN DROSOPHILA TISSUE

Wandering third instar larvae were dissected in insect Ringer’'s medium. The
Ringer medium was removed by using a piece of 3 MM paper as wick and the
tissues then incubated for 15-20 minutes in fixative solution. The fixative solution
was then removed and rinsed twice with PBS (10 x PBS contained 1.4 M NaCl;
27 mM KCI; 101 mM Na,HPO, and 18 mM NaH,PO, pH7.3). Tissues were

transferred to an eppendorf tube containing 150 ul X-gal solution and incubated

overnight at 30°C. Tissues were then transferred to a glass slide and mounted in
90% glycerol in PBS. The staining tissues were checked under Olympus BX50
microscope and Photographs of blue staining tissues were taken with a digital
camera.

2.19 ANTIBODY STAINING OF POLYTENE CHROMOSOME
SPREADS

Antibody staining of polytene chromosome spreads used the procedure
essentially as described by Lyman et al. (1997). Goat anti-MSL3 was used at a
dilution of 1:50 and secondary incubation was with fluorescein isothiocyanate-
conjugated anti-goat (Sigma Chemical Co.). DNA was counterstained with 4°,6-
diamidino-2-phenyl-indole (DAPI)

2.20 INTERPLASMID TRANSPOSITION ASSAYS IN D.
MELANOGASTER

Interplasmid transposition assays were performed essentially as described by
Sarkar et al. (1997). Manually dechorionated y w embryos were injected with a

mixture of helper (100ug/mL), pB[KOa] donor (Thibaut et al., 1999) (400ug/mL)
and pBC/SacRB target plasmids (Klinakis et al., 2000) (800 ug/mL) in injection
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buffer. For the RNA helper experiments, the RNA was at a final concentration of

100 ug/mL. DNA was isolated from injected embryos based on a modification of

the Hirt method (Hirt, 1967). 20 to 30 embryos were homogenized in 40-60 pL of

Hirt lysis buffer (0.6% SDS, 10mM EDTA pH8.0.), then incubated at room
temperature for 10 min for complete lysis. 1/4th volume 5 M NaCl was added,
mixed then stored at 4°C overnight. Samples were spun at 13,000g for 10 min.
The supernatant was then transferred to a clean tube. Phenol and then
chloroform extractions were performed and the DNA precipitated by adding 0.1
volume 3 M NaAc and 3 volume ethanol then precipitate with 3 M Na Acetate and

ethanol. DNA was re-suspended in 1 uL water per 5 embryos. Aerosol barrier tips

were used throughout the procedure to minimise contamination. The extracted
plasmid DNA used to transform ElectroMAX DH10B cell (Life Technologies).
Approximately 25 embryo equivalents of DNA was used per transformation. A

100 pL aliquot of the transformation was plated onto Brain Heart Infusion (BHI)
(Oxoid) (37 g/L)/ agar medium supplemented with chloramphenicol (20 ug/mL) or

kanamycin (30 ug/mL) to estimate the number of transformants containing target
plasmids or donor plasmids respectively. The remainder of the transformation

was plated onto triple selection BHl/agar medium (5% sucrose, 20 pug/mL

chloramphenicol, 30 ug/mL kanamycin) to estimate the number of transpositions.

Plasmid DNA was isolated for rapid analysis using the CloneChecker system
(Life Technologies), according to the manufacturer’s instructions.

2.21 RNA SYNTHESIS

RNA synthesis was performed using the description of SP6 Cap-Scribe Kit SP6
(Roche), according to the manufacturer’s instructions.

2.22 FLY STOCKS AND TRANSGENIC FLY STOCKS

Fly stocks and transgenic fly stocks used in this study are described in Table 2.3.
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2.23 MAINTENANCE OF FLY STOCKS

All stocks were kept in 20 mL cornmeal agar vials (section 2.23) at 18°C and or
22°C. Every four weeks (22°C stocks) or six weeks (18°C stocks) flies were turned
into new vials. When in use, flies were bred in 100 mL bottles, and kept at 25°C,
to expand the stock.

2.23.1 Fly Media

2.23.1.1 Cornmeal agar

Cornmeal agar contained (g/L): agar (Davis), 10.7; cornmeal, 107.1; yeast, 32.
These were combined with 1 L of water and stirred over a medium heat until
boiling. Once boiling 128.3 g sugar and 3.3 g Mouldex (Methyl paraben)
dissolved in 37 mL 95 % ethanol were added and stirred in. Once mixed the
cornmeal agar was poured into 20 mL vials (Labserv), 100 mL Schott bottles or
60 x 15 mm tissue culture dishes (Corning or Falcon).

2.23.1.2 Formula 4-24 (Instant fly food)
7 mL of water was added to 1.5 g of Formula 4-24 (Cardina Biologicals) in a vial
and mixed.

2.23.2 Collection of Virgin Females

Virgins were collected from bottles in which flies were beginning to eclose. The
bottles were cleared of flies in the morning and incubated at 25°C for six to eight
hours. Female flies were then collected in the afternoon and held in vials until
needed.
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2.23.3 Setting Fly Crosses

Five virgin females and five males of required strains were mated in a cornmeal
agar vial. To expand the stock approximately 20 virgin females and 20 males
were mated in 100mL bottles. Adult flies were removed after one week and the
progeny emerged three to five days later.

2.24 MICROINJECTION OF D. MELANOGASTER EMBRYOS

2.24.1 Co-Precipitation of Plasmid DNA

Target plasmid DNA and "helper" (transposase) DNA was mixed and the volume
was made up to 100 - 200 uL with TE. The DNA was then ethanol precipitated

(section 2.6.3) and resuspended in injection buffer (0.1 mM NaH,PO, 0.1 mM
Na,HPO, and 5 mM KCI) to the appropriate concentration. Before use, the DNA
solution was centrifuged at 13 000 rpm for 20 minutes to remove any particles

that may block the microinjection needle. 3uL of DNA in injection buffer was

loaded into a Femtotip using a microloader (Eppendorf).

2.24.2 Collection of Embryos

Approximately 200 flies were placed in a plastic tripour beaker and inverted onto
a 60 x 15 mm plate of cornmeal agar (section 2.23.1.1), with a small amount of
yeast paste in the centre. These chambers were placed at 15 - 20°C in the dark
for three days to allow the flies to acclimatise. When embryos are being collected
for injection the cornmeal agar plates are changed every 30 - 40 minutes and
embryos transferred from the plate to a microscope slide with a wet paintbrush.
The microscope slide had double sided tape on it to help with removal of the
chorion and hold the embryos in place during injection.



Table 2.3 Drosophila melanogaster fly stocks and transgenic fly
stocks

Fly strain Use/Chromosomal Linkage Source

D.melanogaster Fly Stocks

yw Microinjection recipient strain.  J. Lucches
W;In(3LR)TM3, Sb Determination of chromosomal . Lucches
linkage.

yw; L2/Cy0O, Cy prcn2 y+ Determination of chromosomal . [ ucches
linkage.

Transgenic Fly Stocks

ptTA-a-tub #1; yw; (W) X This study
ptTA-a-tub #2; yw, (w*)  2nd This study
ptTA-o-tub #3; yw; (w*)  3rd This study
ptTA-arm #1; yw; (W) 3rd This study
ptTA-83 #1; yw; (W) This study

PtTA-83 #2; yw; (W*) This study




ptTA-83 #3; yw; (W)

pMiCcw+Hsp70 #1,
yw; (w*/Iw*)

pMiCcw+Hsp70 #2;
ww; (W' Iw*)

PWHT-arm #1;
yw; (W /w*)

pWHT-arm #2;
yw, (W' /w*)

pWHT-83 #1;
yw; (w'/w*)

PWHT-83 #2;
yw(w* Iw*)

ptetO-msl-2 #1;
ww; ((w* /w*) 2nd

ptetO-msl|-2 #2,
yw; (w'iw) 2nd

ptetO-msl|-2 #3;
yw; (W' /w*) X

ptetO-msl-2 #4;
yw; (wIw*) 2nd

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

This study

65



pBac D.mw #1; yw; (w")
pBac D.mw #1; yw; (w")
pBac D.mw #2; yw; (w")
pBac D.mw #3; yw; (w")
pBac D.mw #4; yw; (w*)
pBac D.mw #5; yw; (w")
pBac D.mw #6; yw; (w")
pBac D.mw #7; yw; (w*)
pBac D.mw #8; yw; (w")
pBac D.mw #9; yw; ((w")
pBac D.mw #10; yw; (w*)
pBac D.mw #11; yw; (w")
pBac D.mw #12; yw; (w*)
pBac D.mw #13; yw; (w*)
pBac D.mw #14; yw; (w*)

priTA; yw; (W)

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study

Mitzi. |. Kuroda lab
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2.24.3 Dechorionation of Embryos

Using fine forceps under a dissection microscope, the chorion of the collected
embryos was teased away by rolling the embryos along the double sided tape.
Dechorionated embryos were lined up along one edge of the tape. Five minutes
per slide was allowed for dechorionation of as many embryos as possible
(usually about 30). All the tape except the strip containing the embryos was
removed before dehydration.

2.24.4 Dehydration of Embryos

The dechorionated embryos were dehydrated by placing the microscope slide
into a large glass petri dish containing silica gel. Dehydration was carried out for
0 - 5 minutes depending on temperature, humidity and any other factors that may
affect the firmness or softness of the embryos. The embryos needed to be flaccid
enough so as not to burst during microinjection, but firm enough not to buckle and
possibly break the needle. After dehydration embyos were covered with
halocarbon oil (Series 700, Halocarbon Products Corporation) or paraffin oil
(Witerex 334, Pauling Industries Ltd) to stop further dehydration.

2.24.5 Microinjection of Embryos

DNA was microinjected according to Spradling and Rubin (1982). A transjector
(Eppendorf) and micromanipulator (Leitz) were used in conjunction with a 0.5 um

Femtotip (Eppendorf). An injection pressure of 50 - 600 kPa was used to inject the
DNA into the posterior pole of the embryos (collected on microscope slides)
where the germ cells eventually would form. Following microinjection the slides
were placed on a rack in a plastic container lined with moist paper towels (to
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increase humidity). The container was incubated at 18°C for 24 hours and then at
22°C for 24 hours. Surviving larvae were transferred to a vial containing Formula
2-24 food (section 2.23.1.2), approximately 40 per vial and incubated at 25°C
until the flies emerge. These first flies are termed the G, generation for future
crosses.

Alternatively microinjection was carried out using a syringe attached to the
micromanipulator via a plastic tube filled with paraffin oil. Pressure was applied
by moving the syringe plunger. This created an appropriate flow of DNA out of the
needle.

2.25 IDENTIFICATION AND CHROMOSOME LINKAGE OF
TRANSGENIC DROSOPHILA LINES

2.25.1 Crossing Adult Survivors

After hatching the G, flies were mated to the yw (table 2.3) recipient stock
individually. Each G, female was mated with two yw males and each G, male was
mated with five yw virgin females and incubated at 25°C. The adults were
removed after one week and vials incubated at 25°C until the G, progeny
hatched.

2.25.2 Identification of Transformants and Establishment of a
Transformant Stock

G, progeny were examined twice a day for transformants. Transformant flies (w*)
had eye colours ranging from pale orange to wildtype. Transformant males were
crossed with five yw virgin females. If no transformant males were found a
transformant female was mated with two yw males. Heterozygous G, males and
virgin yw females (or heterozygous F, virgin females and yw males) were crossed

to produce heterozygous G, progeny for use in B-galactosidase and total protein

assays. Heterozygous G, males and G, virgin females were also crossed, then a
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single homozygous male (identificated by a dark eye colour) and virgin female
were crossed to establish a homozygous line.

2.25.3 Determination of Chromosomal Linkage of Insert

To determine if the insertion was on the 2nd or 3rd chromosome, the following
crosses were carried out. Five w* male from each transformant line were mated

separately with either five w; In (3LR)TM3,Sb ry"Ke/In(3LR)TMS, Tb e or five y w;
L2/Cy0O, Cy pr cn? y* virgin females. Sb w* and Cy w* male progeny from these
crosses were mated with yw virgin females. If the insert was on the 2nd

chromosome, all the non-Cy progeny would be w*. Alternatively if insertion was
on the 3" chromosome, all non-Sb progeny would be w*.

To determine if the insertion was on the X chromosome, five w* males from each
transformant line were mated with five yw virgin females. If the insertion was on
the X chromosome, only female progeny would w*, due to males receiving their X
chromosome from the female parent.

2.26 L. CUPRINA MAINTENANCE

Lucilia stocks and transgenic blowfly stocks used in this study are listed in Table
2.4,

2.26.1 Lucilia Stocks

Lucilia cuprina adults were kept in mesh cages and fed sugar-water diet
supplemented with either a liver feed and/or a protein rich biscuit. Embryos were
collected from liver and tranferred to commercial jelly meat pet food. The stocks
used were ru w which has rusty body colour and white eyes (Weller and Foster,
1993), y which has yellow eyes and "Munro" a wild-type strain of New Zealand
origin.
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2.26.2 L. curprina Egg Collection

About a week after the flies have emerged, flies were fed liver to allow the
fertilised eggs to complete development. A second liver feed was given about
one week later for egg collection.

To collect eggs for injections, a piece of liver, which is placed on wet paper towels
in a small petri dish, is put in the cage in the morning of the injections. Usually the
flies will lay fresh eggs after an hour or so. These eggs are collected off the liver
and washed with cold water in a plastic container with a mesh lid.

The washed eggs which have an intact chorion were lined up on piece of double-
stick tape on a microscope slide. The posterior end of embryos was hanging over
the edge of the tape for injection.

2.27 L. CUPRINA GERM-LINE TRANSFORMATION

ru w or Munro Lucilia embryos were injected through the chorion with a mixture of
plasmid DNA carrying the marker gene (either pMihsCcw (Loukeris et al., 1995),
pMi[PUbISEGFP], pB[Ccw] (Handler et al, 1998), pB[al-tubCcw] or
pB[PUbnIsEGFP] (Handler and Harrel, 1999)) at 400 ug/mL and either helper
plasmid DNA (either pHSS6hsILMi20 (Klinakis et al., 2000) phsp70pBac,

phsp83pBac or pai-tubpBac (Li et al., 2001) (100 ug/mL) or RNA (50 pg/mL)

using procedures similar as for Drosophila embryos (section 2.24).

The main difference was that since the L. cuprina embryos were not
dechorionated the needles used for injection had to be both very sharp and
strong, so they did not bend easily. The needles used were either Femtotips I
(Eppendorf), or obtained from Mr.Rod Bycroft (North Shore Fertility). The latter
were made from thick walled glass capillaries [Clark electromedical instruments,
1.0 mm OD x 0.58 mm ID, standard wall without filament] using a horizontal Sutter
P87 Puller. The programme parameters were heat 620, pull 250, velocity 200,
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time 100 and pressure 400. The hole opening was less than 10 um. Single G, ru

w adults were mated with ru w and offspring of these crosses were examined for
non-white eye colour. Single G, Munro adults were mated with Munro and
offspring (late embryos, early larvae) examined for EGFP expression using a
Leica MZFLIII fluorescence stereomicroscope. Single G, transformants were
backcrossed with Munro strain. Images were captured using a Leica digital
camera.

Table 2.4 Blowfly (Lucilia cuprina ) stocks and transgenic fly stocks

Fly strain characteristic Source

Blow Fly Stocks

ruw rusty body, white eyes Weller & Foster,1993
y yellow eyes Weller & Foster,1993
Munro wild type NZ origin

Transgenic Fly Stocks

A18 Bac EGFP 3xpBac EGFP insertions This study

A54 Bac EGFP 1xpBac EGFP insertions This study




CHAPTER 3

EVALUATION OF piggyBac-MEDIATED TRANSPOSITION
IN D. MELANOGASTER
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3.1 INTRODUCTION

Transgenic insects are made following the P-element paradigm (Figure 3.1)
where pre-cellular embryos are injected with a mixture of two plasmids, one that
encodes a transposase (so-called helper) and the other with the ends of the
transposon bracketing the gene(s) that is to be integrated into a chromosome.
Since the P-element is only active in Drosophilids (O'Brochta and Handler,
1988), transgenic insects have been made using other transposons that have a
broader host range, such as Minos (Loukeris et al., 1995b), Hermes
(Jasinskiene et al., 1998), mariner (Coates et al., 1998) and piggyBac (Fraser
et al., 1995) (section 1.4.2.3). All four broader host-range transposons have
been used for germ-line transformation of Drosophila melanogaster (Loukeris et
al., 1995a; O'Brochta et al., 1996; Lidholm et al., 1993; Handler and Harrell,
1999).

Although tremendous progress has been made in germ-line transformation of
non-Drosophilids, the frequency of adults that develop from injected embryos
which produce transgenic offspring is often very low (Peloquin et al., 2000;
Catteruccia et al., 2000; O'Brochta et al., 2000). This problem is compounded
by the difficulty in obtaining sufficient numbers of fertile adults following
microinjection of DNA for some insect species.

The low frequency of transformation could be due to several factors such as low
marker gene expression due to negative chromosomal effects (Handler and
Harrell, 1999) and host-specific factors that affect the rate of transposition
(Sarkar et al., 1997). The level of expression of the transposase may also
affect the rate of transposition. For example, overproduction of the mariner
transposase lowers the rate of excision of a target element suggesting a
decrease in the level of active transposase (Lohe and Hartl, 1996). The level of
production of transposase depends upon the activity of the promoter used to
drive expression of the gene and on the stability of the mRNA and protein. In
previous studies either the piggyBac or the heat-inducible hsp70 promoter
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Figure 3.1 Microinjecting procedure for making transgenic insects

Pre-cellular embryos were injected with a mixture of two plasmids. One, called
the "helper", encodes a transposase and the other with the ends of the
transposon bracketing the target gene(s) (w*). During development of an
injected embryo, a transposon may jump and insert into the genomic DNA of a
germline cell. This transposition is detected by crossing the adult survivors (Gy)
with a white eye strain (w) and determining if any offspring (G,) have coloured

eyes due to integration of the w* gene.



Microinjection Method For Making Transgenic Insects

—

_ Promoter
Lelt Arm /7l Right Arm

Inverted [nverted

Repeat Repeat

plasmid Helper plasmid

\ v
Needle
Embryo
"w-
Adult W=
GO .
. white eves
white cyes
(w+ in some
germ line cells)
red cves
1
() 1 somge
wt w-

progeny



76

from D. melanogaster was used to control expression of the piggyBac

transposase gene (Handler and Harrell, 1999).

One aim of this study was to determine the effectiveness of helper plasmids
that used constitutive promoters to control expression of the piggyBac
transposase gene. Transposition in D. melanogaster embryos was measured
by using both interplasmid transposition assays and by selecting for germ-line

transformants.
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3.2 RESULTS

3.2.1 Development of piggyBac Helpers and Transposon

3.2.1.1 Construction of pXL15 plasmid carrying piggyBac open reading
frame (ORF)

To construct pXL15 plasmid, a 1583 bp EcoR V — Ase | fragment from p3E1.2
(Appendix IlI) which contains most of the transposase ORF and polyadenylation
signal was filled-in with T4 DNA polymerase (BioLabs), and then was inserted
into the EcoR V site of pBluescript Il KS (-) (Stratagene) (Appendix Il). The
resulting plasmid was digested with Eco RV and ligated with a 484 bp EcoR V
fragment from p3E1.2 that contains the remainder of the ORF and 22 bp
upstream of the translation initiation codon. The outline of the construction
procedures is shown in Figure 3.2. The plasmid with correct orientation of the
Sma | - EcoR V fragment, called pXL15, was identified by Xba I/Hind Ill and
Xba I/Bgl |l restriction endonuclease mapping (Figure 3.3C) and confirmed by
DNA sequencing (Figure 3.4) from a T7 primer.

3.2.1.2 Construction of pXL16 containing piggyBac ORF driven by hsp70
promoter

To make the piggyBac helper with the hsp70 promoter, a Not | — Cla | (filled-in
with T4 DNA polymerase) fragment from pHSS6hsILMi20 which contains the
hsp70 promoter (Klinakis et al., 2000) was ligated with pXL15 that had been
digested with Not | and Sma |. The outline of the construction procedures is
shown in figure 3.5.

3.2.1.3 Construction of pXL17 containing piggyBac ORF driven by hsp83
promoter

To make the hsp83 helper, a 900 bp fragment containing the promoter was
excised from the plasmid of pGEM-hsp83 (a gift from Dr. Heinrich) by digestion
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Figure 3.2 Insertion of piggyBac gene Into pBluescript Il KS-

1. p3E1.2 was digested with EcoR V/Ase | and piggyBac 1.58 kb tail and 0.48 kb head
fragments were isolated. 2. Bluescript I KS- was digested with EcoR V and ligated with
piggyBac 1.58 kb tail to form pXL14. 3. pXL14 was digested with EcoR V and ligated with 0.48
kb head to form pXL15.
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Figure 3.3 Identification of pXL15 and pB[Dmm-w] by restriction

endonuclease mapping on 1% agarose gel.
M: A Hind lll/Sac Il ladder

A. Sal | digestion of pB[Dmm-w] plasmid DNA to form 6.9 kb, 3.5 kb and 0.9

kb fragments. This was to confirm the correct size of the plasmid.

B. Asp 718 digestion of pB[Dmm-w] plasmid to form 6.1 kb and 4.4 kb
fragment. This was to confirm the correct orientation of insertion of

the Drosophila white gene.

C. Xba I/Hind Il and Xba I/ Bgl Il digestion of pXL15 respectively.

Lane 1, 2: Xba I/Hind Ill digestion of pXL15 to form 2.1 kb and 2.9 kb
fragments. This was to confirm the mono copy insertion of
0.48 kb piggyBac head into pXL14.

Lane 3, 4: Xba |/Bgl 1l digestion of pXL15 to form 4.5 kb and 0.4 kb
fragments. This was to confirm the correction orientation of

the 0.48 kb piggyBac fragment insertion into pXL14.
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EcoR|l EcoRV
geccgetctagaactagigegatcecegggetgcaGGAATTCIGGTATCgtgactaatatataata

TRL start
a ggtagttctttagacgatgagcatatoctctctgggggtctgcaaagcgatgacnagctlgntggt

gaggattctgacagtgaaatatcagatcacgtaagtgaagatgacgtncagagcgatacagaagaagcegttt
atagatgaggtacatgaagtgcanccaacgtcaagcggtagtgaaatattagacnaacaaaatgttattgaa
caaccaggttcttcattggctictaacagaatcttgaccttgccacagaggactattagaggtaagaataaacat
tgttggtcaacttcaaagtccacgaggegtagccgagtctctgcactgaacattgtcagatctcaaagaggtce
gacgcgtatgtgccgcaatatatatgacccacttttatgcticaaactattttttactgatgagataatttcggaaatt
gtaaaatggacaaatgctgagatatcattgaaacgtcgggaatctatgacaggtgctcatttcgtgacacgaat
gaagatgaaatctatgctttcttiggtattctggtaatgacagcagtgagaaaagattaccacatgtccacagat

gacctcttigatcgatctttgcaatggtgtegtetctgnatgageentgategtitggatttttgate

Figure 3.4. Partial sequence of pXL15 confirming orientation of 0.48 kb
EcoR V fragment.

The sequence showed that the junction point of the EcoR V site between the
0.48 kb head of piggyBac and the EcoR V of pBluescript || KS(-) was exactly 22
bp upstream of the translation(TRL) start site of piggyBac.
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with Not | and Hinc Il and ligated with pXL15 that had been digested with Not |
and Sma | (Figure 3.5).

3.2.1.4 Construction of pXL18 containing piggyBac ORF driven by the a1-
tubulin promoter

To make the helper with the o 7-tubulin promoter, a Not | and Sac |l (made blunt
ended using T4 DNA polymerase) fragment from pGEM-a1T (a gift from Dr.
Heinrich) was ligated with pXL15 that had been digested with Not | and Sma |
(Figure 3.5).

3.2.1.5 Construction of piggyBac transposon of pB[Dmm-w] carrying mini-
white gene

To make a piggyBac vector carrying the Drosophila melanogaster mini-white
gene, pB[Dmm-w], a 4.5 kb Hind lll fragment containing the mini-white gene
was isolated from pCaSpeR4 (Thummel and Pirrotta, 1991) (Appendix Il ) and
inserted into the Hind |1l site of pBluescript2Not | (a gift from Dr. Heinrich which
was a modified version of pBluescript Il KS (-) that has two Not | sites). The
mini-white gene was then excised from the resulting plasmid by Not | digestion
and ligated with Not | digested pB[Ccw] (Handler et al., 1998) to form the vector
pB[Dmm-w]. This essentially replaces the C. capitata white gene in pB[Ccw]
with the Drosophila mini-white gene (Figure 3.6).

3.2.2 Construction of pSP64PBORF and Synthesis of piggyBac RNA

To make the plasmid template for piggyBac RNA synthesis, pPSP64PBORF, the
piggyBac ORF was excised from pXL15 by digestion with Hind Ill and EcoR |,
the ends were filled-in with T4 DNA polymerase and then the fragment was
inserted into the Hinc Il site of pSP64 Poly(A) (Promega) (Appendix IlI) which
has a poly A sequence (A,,) immediately downstream of the muitiple cloning
site.

Capped piggyBac RNA was synthesed as described in methods (section 2.21).
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Figure 3.5 Insertion of hsp70, hsp83 and a1-tub promoters into pXL15 respectively.

1. Digested pHSS6hsILMi20 with Not I/ Cla |, blunted Cla | end and then isolated 0.4 kb hsp70
promoter; digested pBluescipt || KS-hsp83 with Not I/Hincll and isolated 0.9 kb hsp83 promoter;
digested pGEM-T-a1tub with Not | / Sac Il and blunt Sac Il then isolated 0.8 kb a-tub
promoter. 2. Digested pXL15 with Not I/Sma | and ligated with hsp70, hsp83, a.1-tub promoters
respectively to form pXL16, pXL17, pXL18 plamids.
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Figure 3.6 Procedures of construction of pB (D.mm-w) transposon.

1. Digested pCaSpeR4 with Hind Il and isolated 4.5 kb mini-white gene. 2. Digested
pBuescript-2Not | with Hind 1ll and ligated with 4.5 kb mini-white gene to form pXL12. 3.
Digested pXL12 with Not | and isolated 4.5 kb Drosophila mini-white gene. 4. Digested pBac
(C.cw+) with Not | and ligated with 4.5 kb Dosophila mini-white gene instead of C.cw+ to form
pB[D.mmw] (pXL13).
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The size and concentration of the RNA was estimated by formadehyde agarose
electrophoresis with known RNA standards (Figure 3.7).

3.2.3 Interplasmid Transposition

Interplasmid transposition assays followed the scheme outlined in Figure 3.8. A
mixture of three plasmids, “helper”, “donor” and “target” were injected into pre-
blastoderm Drosophila embryos. Helper plasmids contained the piggyBac open
reading frame (ORF) and polyadenylation signal and either the Drosophila

hsp70, hsp83 or a.1-tubulin promoters directly upstream of the ORF.

Both the hsp70 and hsp83 promoters are heat inducible but the hsp83 promoter
has a significantly higher basal level of activity and is particularly active in adult
ovaries (Xiao and Lis, 1989). The al-tubulin promoter is a strong constitutive
promoter that has high activity at all stages in all living tissues (O'Donnell et al.,
1994). The promoter is active throughout embryogenesis beginning at the
cellular blastoderm stage. Full activity of the promoter requires DNA sequences
in the first intron in addition to the sequences immediately upstream of the
transcription start site (O'Donnell et al., 1994). Since a promoter that had
maximal activity was required a fragment of the a1-tubulin gene that included
upstream sequences, first exon, first intron and part of the second exon was
used. The a1-tubulin translation start codon, which is present in the first exon,
was changed to ACG so that translation would begin at the piggyBac start
codon.

In addition to the helper plasmids, an RNA helper that encodes the piggyBac
transposase was also tested. An RNA helper could be advantageous in insect
species where the Drosophila promoters may be poorly recognised by the
transcription apparatus and consequently have low activity.

In the donor plasmid, p[KOa ] (Appendix Il ) the piggyBac transposon carries
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Figure 3.7. Estimation of the concentration of the RNA by 1%
formaldehyde-agarose denaturing gel electrophoresis with RNA

standards to check the size.

Lanes 1-5 were all loaded with standard RNA. The amount of RNA of per band
for each lane was: 1 = 52 ng/band, 2 = 86 ng/band, 3 = 168 ng/band, 4 = 251
ng/band and 5 = 333 ng/band.

Lane 6 was loaded with 1 ulL injection solution contained piggyBac RNA.
The sample was estimated to contain approximately 200 ng/uL of RNA which

was of the correct size (arrow).
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PBL  olacZ ori Kan PBR

piggyBac ORF
\ yd
| | sac8 |
donor
Amp Cam

inject

1) incubate
2) heat shock (optional)
3) harvest plasmid DNA
alacz, ori,Kan
SacB transform E.coli

select for Kan R, Cam R, Sucrose R

Cam
Figure 3.8 Interplasmid transposition assay

Drosophila embryos were injected with a mixture of 3 plasmid DNAs, helper, donor and target.
After incubation and an optional heat shock treatment, low molecular weight DNA was isolated
from the embryos and used to transform E. coli. Transposition in the embryo of the piggyBac
transposon carrying the kanamycin resistance marker to the ta;'get plasmid, disrupting the
sucrase (sacB) gene, results in a plasmid that can be identified by triple selection (kanamycin,

chloramphenicol and sucrose) of transformed E. coli.
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kanamycin resistance and alacZ genes for selection (Thibault et al., 1999).

The target plasmid pBC/SacRB (Appendix Il) contains the sacB gene from B.
subtilis and a chloramphenicol resistance gene. E. coli carrying the target
plasmid die in the presence of 5% sucrose due to the induction of levansucrase
(sacB gene product) synthesis (Gay et al., 1985).

A triple selection of chloramphenicol, kanamycin and sucrose resistance was
used to identify plasmids that result from piggyBac-mediated transposition of
the alacZ-ori-kan” gene cassette from donor to target disrupting the sucrase
gene. In initial experiments few colonies were obtained due to transposition and
the colonies grew very slowly. The yield of transpositions detected was
improved significantly by using commercial high efficiency electrocompetent

cells and a rich plating medium BHI agar ( section 2.2.5).

The results of an experiment using the above conditions are shown in Table
3.1. With the exception of the hsp83 helper, all helpers produced at least 40
colonies on triple selection plates. Plasmid DNA was isolated from either all of
the colonies (hsp83 and RNA helper) or from 50 colonies (hsp70 and a.1-tub)
and analysed by rapid restriction endonuclease digestion followed by agarose
gel electrophoresis. Some of the results are shown in Figure 3.9. The results
showed that 85-100% of the colonies obtained by triple selection were due to a
canonical cut and paste transposition of piggyBac from donor to target. The
number of transposition colonies shown in Table 3.1 is either the exact number
shown to be due to disruption of sacB (e.g. hsp83 and RNA helpers) or inferred
from analysis of 50 colonies (e.g. hsp70 helper with heat shock, 300 colonies
were obtained on triple selection plates but only 45 of 50 colonies were shown
to be due to disruption of sacB, so the corrected value is 270 colonies).

The results show that, with the exception of the plasmid with the hsp83
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Table 3.1. Interplasmid transposition assay in D. melanogaster.

Helper Heat shock *Targets @anors Transpositions! Freq per 10* (T°) Freq per 10%(DP)
hsp70 No 38,000 51,000 3 25 18.2

hsp70 Yes 80,000 106,000 270 A 25.5

hsp83 No 59,000 70,000 1 0.17 0.14

al-tub No 139,000 164,000 113 8.1 6.7

R\A No 47,000 42,000 L2 8.9 7.9

*Colonies obtained on chloramphenicol plates (Cam®)..

@Colonies obtained on kanamycin plates (Kan®).

*Colonies obtained on triple selection plates (chloramphenicol, kanamycin and sucrose) and confirmed to be due to

disruption of sacB by restriction endonuclease analysis of plasmid DNA isolated either from all colonies (hsp83, RNA)

or a sample of 50 colonies.
2 Targets; ® Donor.
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Figure 3.9 Rapid restriction endonuclease digestion of plasmid DNA by
using CloneChecker kit (Life Technology) identify "transposition"
plasmids

Single colonies were picked from triple selection plates and dispersed in lysis
buffer (Life Technology). Plasmid DNA was isolated and digested by Not |
enzyme which cuts at a unique restriction site in the transposition plasmid to
form a 11.1 kb DNA fragment. In contrast Not | digestion of donor or target
plasmid would yield fragments of 8.9 kb and 6.1 kb respectively.

M. A Hind 1ll/Sac |l ladder

A. Plasmids obtained from non-heat shocked embryos injected with the hsp70-
piggyBac helper. Sample 1-10 and 12 were identified as likely transposition
plasmids.

B. Plasmids obtained from heat shocked embryos injected with the hsp70-
piggyBac helper. Sample 1-13 were identified as likely transposition plasmids.

C. Plasmids obtained from embryos injected with the a-tub1-piggyBac helper.
Sample 1-12 were identified as likely transposition plasmids.

D. Plasmids obtained from embryos injected with the piggyBac RNA helper.
Sample 2, 3, 5, 6 and 9-12 were identified as likely transposition plasmids.
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promoter, all of the helpers were effective at promoting transposition from
donor to target in Drosophila embryos. It's unclear why so few colonies were
obtained with the hsp83 helper, as this is an effective helper for germ-line
transformation (see below). The hsp70 helper, with or without heat shock, was
3 to 4 times more efficient than either the a 7-tubulin or RNA helpers,
suggesting that this was the best helper in this assay. However, although the
difference was statistically significant (chi-square test, p<0.001) this result
would need to be confirmed by further experiments. The frequency of
transposition obtained with the hsp70 helper is comparable to that obtained by
using a double promoter (hsp70 and piggyBac) piggyBac helper and the
pGDV1 target plasmid (Lobo et al., 1999).

In Drosophila embryos, piggyBac preferentially integrates into only two of 21
potential TTAA integration sites in the pGDV1 target plasmid (Lobo et al.,
1999). To determine if piggyBac has preferred sites of integration in the
sucrase gene, the insertion sites for 15 "transposition" plasmid DNAs were
determined by direct sequencing with primers specific for the left and/or right
ends of piggyBac . We found piggyBac integrated into 5 of 10 potential TTAA
insertion sites within the sucrase open reading frame (Table 3.2). There was a
pronounced preference for three sites in particular. The sequences surrounding
the TTAA sites were aligned (12 nucleotides on either side) to determine if there
was a consensus sequence for the preferred sites of integration. The preferred
integration sites showed a bias for A or T at positions -3, -1, +1 and +3 relative
to the TTAA site. That is the consensus for preferred sites was
A/TNA/TTTAAA/TNA/T. While the consensus is based on only three preferred
integration sites, a similar sequence bias was found for genomic integrations
(see below).
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Table 3.2 Sites of piggyBac insertion in the sucrase target gene.

TTAAsite* Sequence Number of insertions (for/ rev)*
500 CAGTATTAACCTTT 0

681 CACAATTAAAAATA 0

891 CGTCTTTAAAGACA 4 (4/0)
1053 ACAAGTTAACGTAT 1 (1/0)
1296 TTTATTTAACAAAG 4 (3/1)
1503 CGTCTTTAAAATGA 5 (3/2)
1613 ATTCTTTAACTGGC 0
1655 TTGTGTTAAAAATG 1 (1/0)
1868 GACAATTAACAGTT 0
1875 AACAGTTAACAAAT 0

* Nucleotide number according to Genbank submission for sacB gene
(X02730). The sacB open reading frame is from 464 to 1885
*Orientation of piggyBac relative to sacB where in the forward orientation

piggyBac and sacB are in the same 5' to 3' direction.



94

3.2.4 Germ-line Transformation

3.2.4.1 Germ-line transformation rates

Transgenic Drosophila were obtained with all three plasmid helpers (Table 3.3).
The frequency of fertile G,s that produced transgenic offspring with the o1-
tubulin helper was about 2.5 times higher than with the hsp83 helper and 7
times higher than with the hsp70 (no heat shock) helper. Although the
difference between the helpers is statistically significant (chi square test,
p=0.015 «a1-tub relative to hsp83 and p=0.0008 for hsp70) (the results were
obtained from only two or three independent injection experiments and would
need to be confirmed with further experimentation. Surprisingly no transgenics
were obtained with the RNA helper although this helper was active in
interplasmid transposition assays. However, since only 30 fertile G, were
obtained with the higher concentration of RNA, it is possible that this helper

could catalyse germ-line transformation but at a low rate (<3%).

3.2.4.2 Analysis of transformants

3.2.4.2.1 Analysis of transformants by Southern DNA hybridisation

DNA was prepared from 20 lines and analysed by Southern DNA hybridisation
(Fig. 3.10). The genomic DNA was digested with either Sac | (Fig. 3.10B) or
Hind 11l (Fig. 3.10C) and hybridised with the probes indicated (Fig. 3.10A). If a
transformant line had a single integration, two bands would be detected with
Sac | digested DNA, one of 4.1 kb and the other at least 3 kb, and a single band
at least 1.4 kb in size would be detected with Hind Ill digested DNA. The
results show that all but four lines have a single piggyBac insertion, which is
consistent with a previous report that Drosophila piggyBac transformants
generally carry a single copy of the transposon (Handler and Harrell, 1999).
The exceptions are lines hsp70(15), hsp70(19), hsp83(25) and o 1-tub(41).
Lines hsp70(15) and hsp70(19) clearly show 3 bands of hybridisation with Sac |
digested DNA and two bands with Hind Il digested DNA indicating these lines
carry two insertions. Line hsp83 (25) shows two clear bands of hybridisation
with Hind |l digested DNA but only two strong bands of hybridisation with Sac |



Table 3.3. Germ-line transformation of Drosophila

Helper Expt. Heat Shock No. G, Fertile G, No. of Transformants
(Frequency)

hsp70 1 No 58 47 0

2 No 93 86 3
Total 151 133 3 (2.3%)
hsp70 1 Yes 80 63 4 (6.3%)
hsp83 1 No 35 30 0

2 No 25 19 1

3 No 85 69 6
Total 145 118 7 (5.9%)
al-tub 1 No 64 60 10

2 No 55 43 7
Total 119 107 17 (15.9%)
RNA (20ng/pl) 1 No 11 10 0

RNA (200ng/ul) 1 No 35 30 0
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Figure 3.10 Southern hybridisation analysis of Drosophila transgenic lines

A. Schematic illustration of an integrated transgene.

Drosophila genomic sequences are wavy lines, piggyBac sequences are cross-
hatched and the Drosophila mini-white gene with adjacent §' P is an open box.
The fragment used as a probe against Sac | digested genomic DNA contains
the entire piggyBac transposase ORF and detects both left and right piggyBac
arms. When the genomic DNA is digested with Sac |, the probe will detect a
constant 4.1 kb band for all transformant lines and a second variably-sized
band that is at least 3.0 kb in size. The probe used with Hind Ill digested
genomic DNA detects a variably sized band of at least 1.4 kb in size.

B and C. Autoradiograms showing hybridisation analysis for genomic DNA from

20 lines.

In panel B, the DNA was digested with Sac | and in panel C the DNA was
digested with Hind Ill. DNA size markers are shown to the sides of the
autoradiograms. Note that the loading order of samples hsp70(19) and
hsp70(232) and samples hsp83(7) and hsp83(25) are reversed in panel C

compared to B.
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digested DNA. However, on very short exposures the 4.1kb band with Sac |
digested DNA is resolved into two bands of 4.1 and 4.2 kb. Thus this line also
carries two copies of piggyBac. Line ail-tub (41) shows three bands of
hybridisation with Sac | digested DNA but also 3 bands with Hind Il digested
DNA. The former indicates two insertions the latter three. Thus from this
analysis, we cannot determine the number of copies of piggyBac that are

present in this line.

3.2.4.2.2 Analysis of transformants by inverse PCR

The sites of insertion for 10 lines were determined by inverse PCR, using
primer combinations that would amplify DNA flanking either left or right sides of
the transposon (Table 4). If sequence could only be obtained for one side of the
insertion (lines hsp70 (15), hsp70 (23), hsp83 (4), a1-tub (14), al-tub (27)), the
sequence from the other side was inferred from the genome sequence. With
one exception, the flanking sequences were identical to the published genome
sequence. The exception was line al-tub (59) where there are two nucleotide
differences for both left and right flanking sequences and the insertion site
TTAA is TTTA in the published genome sequence. This probably reflects single
nucleotide polymorphisms between the strain sequenced by Celera and the
strain used to make transformants in this study. In the interplasmid
transposition assays it was noted that the preferred integration sites showed a
bias for A or T at positions -3, -1, +1 and +3 relative to the TTAA site.
Inspection of the sequences flanking the integration sites in the transformant
lines show a similar bias except that there is no preference for A or T at the +3
position.

The results are consistent with piggyBac transposition occurring via a canonical
cut and paste mechanism. In none of the lines analysed has piggyBac disrupted
a gene. Further, all of the hsp83 and o 1-tub lines (the hsp70 lines were not
evaluated) were homozygous viable, although in four of these lines, piggyBac
had inserted within 800 bp upstream of the 5' end of a gene. Thus, either the

insertion has not sufficiently disrupted transcription to cause a mutant



99

Table 3.4 piggyBac insertion sites in the transgenic Drosophila lines

Line Insertion site sequence Nearest Gene Relationship of site to gene
hsp70 (15) CCATATTTTTTATTATTAAAGTCATACTTAACCA 0G17520 3,534 lp downstream of 3'end
hsp70 (23) GCTAATCAAACGYGCTTARRQGARTTATICITA a32175 2,518 p upstream of 5' ad
hsp70 (52) TACCAAACCAAGTTATTAAATCAAAAACTAGCTT as8122 57 bp upstream of 5'end
hsp83 (4)  CTTTTIGATIGCICTTIAAG GIGCATTGTIGTG 123485 170 Yp upstream of 5' end
hsp83 (7)  GITACTGAGCTYTCTTTAATGOCGCTAAAATAAT 0G10564 431 lp upstream of 5' end
hsp83 (70) GCGTTGITGIGCATTTAATICI TCATIGIGGIC Cyp6vl 306 lp upstream of 5' ad
al-tub (14) TAATTAATGTAGTTATARIGCGIGTTATTTTIT 0G15167 1,510 kp downstream of 3' end
al-tub (25) CACACTOGGTTACCTTTAAACACAACCATIGAGA QG2191 156 kp downstream of 3' end

" " 0G2187 721 lp upstream of 5' ed
al-tub (27) CACGGACAAGTTTTATTAACTCTATGAAATTTCA 0G12443 4,551 lp downstream of 3' end
al-tub (59) AGCTGGTACTIGATATTAATATCCGACAATAACG 0G7548 1,488 lp downstream of 3' end
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phenotype or the gene is not essential for viability. None of the genes are
known hotspots for P insertion (Spradling et al., 1999). The closest hotspot in
any of the lines is the mam gene, but this is over 12 kb from the site of insertion
in line hsp70 (52). Thus, from this limited analysis, piggyBac does not appear to
have the same gene preference as P. This result would need to be confirmed

with a much larger sample size.
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3.3 DISCUSSION

3.3.1 Use of Constitutive Promoters for Driving piggyBac Transposase
Expression

In this study we have shown that helper plasmids that used constitutive
promoters to drive expression of the piggyBac transposase gene were effective
at mediating transposition in Drosophila. Thus, for piggyBac-mediated
transformation of non-Drosophilids, it may be advantageous to use either the
a1-tubulin or hsp83 helpers, particularly in those species such as the Australian
sheep blowfly Lucilia cuprina where the D. melanogaster hsp70 promoter has
low activity (Atkinson and O'Brochta, 1992). It may also be worthwhile to
isolate a gene with a constitutive promoter from the species of interest. In this
regard it's noteworthy that germ-line transformation of the silk moth Bombyx
mori was accomplished using a piggyBac helper with a B. mori actin promoter

to control transposase expression (Tamura et al., 2000).

3.3.2 The Preference of piggyBac Insertion Sites

As expected, piggyBac inserted into TTAA target sites in both interplasmid
transposition assays and germ-line transformation. Integrations into the sacB
target gene and into genomic DNA showed a preference for AT-rich DNA where
the 8 bp consensus sequence was A/TNA/TTTAAA/T (target site in bold). This
may in part explain the integration site bias as some of the less-preferred TTAA
sites do not match the consensus. For example, the TTAA at position 1053 in
sacB is preceded by a G and followed by a C. Inspection of the sequences
surrounding the TTAA sites in the pGDV1 plasmid shows that the highly
preferred sites at position 363 (AGTTTAAA) and 491 (TGGTTAAA) match the
consensus except that the latter site has a G at the —1 position. Other sites in
pGDV1 such as 945 (TGATTAAA) are a better match to the consensus than the
site at position 491, yet these target sites are not used in Drosophila. This
suggests that factors other than just the primary sequence must determine
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integration site bias. As suggested by Lobo et al (Lobo et al., 1999) one such
factor could be a host-specific accessory protein(s) that is required for piggyBac
transposition. It has also been suggested that at preferred integration sites,
flanking sequences adopt a conformation that causes a high degree of DNA
bending at or near the target site (Saville et al., 1999; Lampe et al., 1998).

3.3.3 piggyBac - Mediated Germline Transformation

The frequency of germ-line transformation was higher using the helper with the
strong a1-tubulin promoter than with the helper that had the hsp70 promoter
(no heat shock) which has a low basal activity. These results suggest that for
germ-line transformation it may be an advantage to use a helper that expresses
high levels of the transposase. However, although the difference in germ-line
transformation frequencies was statistically significant these results would need
to be confirmed by additional experiments as each helper was only tested twice.

Further, it would be necessary to measure the level of transposase RNA
produced from each helper at different stages of early Drosophila development.
In the interplasmid transposition assays, the frequency of transposition due to
basal activity of the hsp70 helper (embryos not heat shocked) was higher than
that obtained with the a1-tubulin helper. While the difference was statistically
significant it would need to be confirmed with further experimentation.
However, this does highlight that there is a difference between interplasmid
transposition assays which primarily measure activity in somatic cells and
transformation which reflects transposon activity in the germ-line. A promoter
that is active in somatic cells may not necessarily be active in germ cells.
Similarly a transposon that is active in somatic cells may not necessarily be
active in germ cells if transposition requires a host-specific factor that is limiting
in germ cells. In this regard it is worth noting that Hermes shows high activity in
medfly embryos as measured by interplasmid transposition assays (Sarkar et
al., 1997) yet mediates germ-line transformation of medfly at a relatively low
frequency (Michel et al., 2001).
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3.3.4 piggyBac Insertion Site Preference in the Drosophila Genome

In none of the ten transgenic Drosophila lines where the site of insertion was
determined had the transgene disrupted a gene. This is not surprising as the
insertions were not selected on the basis of mutant phenotype. Further, since
exons account for only 24.1 Mb of the 120 Mb of euchromatic sequence in the

Drosophila genome (Adams et al., 2000) and have a lower AT content than
intergenic regions (and so fewer TTAA target sites), piggyBac is less likely to
insert into an exon than other regions. However, in 4 lines (hsp70(52),
hsp83(4), hsp83(7) and hsp83(70)) piggyBac had inserted in the promoter
regions of genes, within 500 bp of the 5' end. All of the hsp83 lines (the hsp70
lines were not evaluated) were homozygous viable. This may indicate that
piggyBac has a preference for insertion into gene promoter regions but this
would need to be confirmed by analysis of a much larger number of
transformant lines. Mutation-causing P-elements also show a preference for
insertion into gene promoter regions (Spradling et al., 1995). However, in none
of the piggyBac transformant lines has the transgene inserted near a known P
"hotspot". While this is a very limited analysis it suggests that a large-scale
screen for piggyBac disruption mutations would complement the existing P-
element screens. A transgenic strain carrying the piggyBac transposase ORF
controlled by either the a1-tubulin or hsp83 promoters such as we have

developed, would be ideal for this purpose.
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CHAPTER 4

GERM-LINE TRANSFORMATION OF THE AUSTRALIAN SHEEP
BLOWFLY LUCILIA CUPRINA
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4.1 INTRODUCTION

The Australian sheep blowfly, L. cuprina is the most economically important
pest species involved in flystrike of sheep in Australia (Watts et al., 1979) and
New Zealand (Heath and Bishop, 1995). (section 1.2). In New Zealand, L.
cuprina is primarily controlled through the application of insecticides. However,
increasing resistance to some insecticides coupled with a demand for wool with
low insecticide residue has resulted in an increased interest in biological
methods of control.

One biological method that has been proven to be effective in the field is the
sterile insect technique (SIT) (Krafsur, 1998) (section 1.1). SIT has been shown
to be most effective in medfly, Ceratitis capitata when only sterile males are
released in the field (Mcinnis et al., 1994). This is accomplished by using so-
called "genetic sexing strains". The development of male-only strains
represents a potentially important step toward improving SIT. Genetic sexing
strains have been normally made by classical genetic methods (Franz et al.,
1994) (section 1.1.3).

An alternative method of making a genetic sexing strain is to use genetic
engineering (O'Brochta and Atkinson, 1998) (1.1.3.2). The aim of this study is to
use a genetic engineering method to make a genetic sexing strain of L. cuprina
that would be suitable for a SIT program. However, in order to introduce a
female-specific lethal genetic system into Lucilia, such as a tetracycline
repressible female-specific lethal genetic system (section 1.5.2.1), a method for

making germ-line transformants needed to be developed.

Several transposable elements have become available over the past few years.
These transposable elements have been shown to be active in different insect
hosts (section 1.4.2). In this study the focus was on using the piggyBac and
Minos transposable elements for making transgenic L. cuprina. This is because
piggyBac and Minos have a broad host range (see section 1.4.2.3).
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Interplasmid transposition assays have been performed to determine a potential
high efficiency transposase for germ-line transformation of L. cuprina. Several
genes have been tested as potential markers (section 1.4.4) for identifying
transgenic L. cuprina. Finally, the isolation and characterisation of two

transgenic L. cuprina lines is described.
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4.2 RESULTS

4.2.1 Synthesis of piggyBac and Minos RNAs

In order to use a transposase RNA as a helper for transformation of L. cuprina,
Minos and piggyBac RNA were synthesized using the SP6 Cap-Scribe kit
(Roche). After resuspension in DEPC treated embryo injection buffer (section
2.24.1), an aliquot of the RNA was analysed by formaldehyde-agarose
denaturing gel electrophoresis with RNA standards (50-330 ng per band) to
check the size (Figure 3.7, 4.1) and concentration. Both RNA preparations were

of the correct size and concentration suitable for microinjection.

4.2.2 Interplasmid Transposition Assays

4.2.2.1 General description of the assays

The interplasmid transposition assays were in general similar to that described
by Sarkar et al. (1997) and more specifically the procedure for Minos was
according to Klinakis et al. (2000) and for piggyBac as described previously in
section 3.2.

In brief, L. cuprina embryos were injected with a mixture of 3 plasmid DNAs,

"helper”, "donor" and "target".

For piggyBac based interplasmid transposition assays, the plasmids of the
"helper”, "donor" and "target" were exactly the same as those described in 3.2.
The piggyBac helper plasmids use the Drosophila hsp70, hsp83 or a.1-tubulin
promoters to control expression of the transposase. These helpers have been
previously shown to mediate germ-line transformation of Drosophila (section
3.2). In addition to the helper plasmids in vitro transcribed and in vitro capped
RNA helper encoding piggyBac transposase was tested. Disruption of sacB
due to piggyBac-mediated transposition in Lucilia embryos produces a

“transposition" plasmid (Figure 4.2A) that is identified by plating transformed E.
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Figure 4.1 Estimation of the concentration of the Minos RNA for germline

transformation of L. cuprina by formaldehyde-agarose denaturing gel electrophoresis
with RNA standards to check the size.

A. Lanes 1-3 and 5-6 were loaded with standard RNA. The amount of RNA of per band for each
lane was: 1 = 50 ng/band, 2 = 75 ng/band, 3 = 100 ng/band, 5 = 200 ng/band and 6 = 300

ng/band.
Line 4 was loaded with 1 uL injection solution containing in vitro synthesised Minos RNA.

B. Lanes 1-5 were loaded with standard RNA. The amount of RNA of per band for each lane
was: 1 =52 ng/band, 2 = 86 ng/band, 3 = 168 ng/band, 4 = 251 ng/band and 5 = 333 ng/band.
Line 6 was loaded with 2 pL injection solution containing Minos RNA, pMiLRTet and
pBC/SacRB plasmid.

The sample was estimated to contain approximately 50 ng/uL of Minos RNA which was of the

correct size (arrow).
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Figure 4.2 Maps of transposition plasmids due to piggyBac or Minos
mediated transposition in Lucilia embryos.

A. pSacB[kOa] plasmid was formed via disruption of SacB of pBC/SacRB
(appendix Il) with a 5.5 kb DNA fragment (B[kOc]) from pB[kOc]. This fragment
contains piggyBac gene disrupted with kanamycin resistance and alacZ genes
(Thibault et al., 1999). The total plasmid is 11.1 kb.

B. pSacMiTetR plasmid was formed via disruption of SacB of pBC/SacRB (Il)
with a 2.4 kb DNA fragment (MiTetR) from pMiLRTetR (appendix Il). This
fragment contains the ends of the Minos transposon bracketing the tetracycline
resistance gene. The total plasmid is 8 kb.
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Coali on triple media containing sucrose, chloramphenicol, kanamycin.

For Minos based transposition assays, Minos helper plasmid (pHSS6hsILMi20)
(appendix Il) uses the Drosophila hsp70 promoter to drive expression of the
intron-less version of the transposase gene. This helper has been used for
germ-line transformation of Anopheles stephansi (Catterucci et al., 2000).
Donor plasmid, pMiLRTetR (Lorist6) (appendix Il), contains the ends of the
Minos transposon bracketing the tetracycline resistance gene that confers a
selectable phenotype of tetracycline resistance in E. coli. The target,
pBC/SacRB (appendix Il) contains the sacB gene from B. subtilis and a
chloramphenicol resistance gene. Disruption of sacB due to Minos-mediated
transposition in Lucilia embryos produces a "transposition" plasmid (Figure
4.2B) that is identified by plating transformed E.coli on triple selection media
sucrose/chloramphenicol/ tetracycline. In addition to the helper plasmids in vitro
transcribed and in vitro capped RNA helper encoded Minos transposase was

tested.

4.2.2.2 Determination of transposition efficiency

Colonies were obtained on triple selection medium for each of the E. coli
transformations as shown in Table 4.1. Plasmid DNA was isolated from the
colonies (section 2.20) or released from the colonies using the CloneChecker
kit (Life Technologies).

Colonies obtained from piggyBac based transpositions were analysed by Not |
(Figure 4.3.) and Bgl Il (Figure 4.4) restriction endonuclease respectively.
Colonies obtained from Minos based transpositions were analysed by Not |
(Figure 4.5), Xho | and Spe |/Xho | (Figure 4.6) restriction endonuclease
digestion respectively.
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Table 4.1 Interplasmid Transposition Assays In L. cuprina embryos

Helper No. Frequency Frequency
Heat No. No. No. Transpositions per 10* per 10*
shock Targets’ Donors® Transpositions® confirmed Targets® Donors®

hsp70.Minos No 406 000 268 000 109 104 26 3.9

Minos RNA No 106 000 31 000 94 89 8.4 29

hsp70.piggyBac No 32 000 65 000 20 12 38 1.8

hsp70.piggyBac Yes 20 000 23 000 29 27 14 12

hsp83.piggyBac No 314 000 241 000 11 1 0.03 0.04

ai-tub.piggyBac No 55 000 38 000 8 3 0.5 0.8

piggyBac RNA No 39 000 11 000 26 4 1.0 3.6

*Colonies obtained on chloramphenicol plates (CamF)..

@Colonies obtained on kanamycin plates (Kan").

“Colonies obtained on triple selection plates (chloramphenicol, kanamycin and sucrose for piggyBac and chloramphenicol,
tetracycline and sucrose for Minos) and confirmed to be due to disruption of sacB by restriction endonuclease analysis of
plasmid DNA isolated either from all colonies or a sample of 50 colonies (all Minos) .

2 Targets; ® Donor.
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Figure 4.3 Colonies obtained from piggyBac based transpositions were
analyzed by Not | restriction endonuclease digestion.

Plasmid DNA was released from the colonies using CloneChecker kit (Life
Technologies) and digested by Not | restriction endonuclease and detected by
agarose gel eletrophoresis. A unique 11.1 kb fragment was expected for each
transposition plasmid.

A.

Helper = piggyBac transposase was driven by hsp70 promoter with heat
shock post injection.

Lane 1: A Hind I/ Sac Il ladder.

Lane 2-13: plasmid DNA was digested by Not | and each lane gave
expected sized bands.

Helper = piggyBac transposase was driven by hsp70 promoter without heat
shock post injection.

Lane 1: A Hind I/ Sac Il ladder.

Lane 2-13: plasmid DNA was digested by Not | and except lane 12 each
lane gave expected sized bands.

Helper= piggyBac transposase was driven by hsp83 promoter.

Lane 1: A Hind lll/ Sacll ladder.

Lane 2-12: plasmid DNA was digested by Not |, lane 2 and 3 gave expected
sized bands.

Helper = piggyBac transposase was driven by a—tubulin promoter.
Lane 1: A Hind I/ Sac Il ladder.

Lane 2-9: plasmid DNA was digested by Not |, lane 5-7 and 9 gave
expected sized bands.

E. Helper = piggyBac RNA.

Lane 1: A Hind lll/ Sac Il ladder.
Lane 2-13: plasmid DNA was digested by Not |, lane 4-6, 9-11gave
expected sized bands.
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Figure 4.4 Colonies obtained from piggyBac based transpositions were
analyzed by Bgl |l restriction endonuclease digestion.

Plasmid DNA was released from the colonies using CloneChecker kit (Life
Technologies) and digested by Bg/ |l restriction endonuclease and detected by
agarose gel eletrophoresis. 3 kb and 8.1 kb fragments were expected for each
transposition plasmid.

A.

Helper = piggyBac transposase was driven by hsp70 promoter with heat
shock post injection.

Lane 1: A Hind lll/ Sac Il ladder.

Lane 2-11: plasmid DNA was digested by Bg/ Il and each lane gave
expected sized bands.

Lane 12: control = pB[KO«q] digested by Bg/ Il, gave two expected bands of
3.0 kb and 5.9 kb.

Helper = piggyBac transposase was driven by hsp70 promoter without heat
shock injection.

Lane 1: A Hind 11/ Sac Il ladder.

Lane 2-11: Plasmid DNA was digested by Bgl ll. Except lane 6 and 7, each
lane gave the expected sized bands.

Lane 12: control = pB[KOq] digested by Bgl ll, gave two expected bands of
3.0 kb and 5.9 kb.

. Helper= piggyBac transposase was driven by hsp83 promoter.

Lane 1: A Hind lll/ Sac Il ladder.

Lane 2-7: plasmid DNA was digested by Bgl Il. Just lane 2 gave the
expected sized bands.

Lane 8: control = pB[KO«q] digested by Bgl ll, gave two expected bands of
3.0 kb and 5.9 kb.

Helper = piggyBac transposase was driven by a—tubulin promoter.

Lane 1: A Hind I/ Sac Il ladder.

Lane 2-7: plasmid DNA was digested by Bg/ Il. Lane 4-6 gave the expected
sized bands.

Lane 8: control = pB[KOa] digested by Bgl ll, gave two expected bands of
3.0 kb and 5.9 kb.

Helper = piggyBac RNA.

Lane 1: A Hind lll/ Sac Il ladder.

Lane 2-14: plasmid DNA was digested by Bgl/ ll. The bands in Lane 2, 4 and
9-11 gave the expected sized bands.

Lane 14: control = pB[KOcq] digested by Bg/ Il, gave two expected bands of
3.0 kb and 5.9 kb.
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Figure 4.5 Colonies obtained from Minos based transpositions were analyzed by Not |
restriction endonuclease digestion.

Plasmid DNA was released from the colonies using CloneChecker kit (Life Technologies) and
digested by Not | restriction endonuclease and detected by agarose gel eletrophoresls. Two
fragments were expected for each transposition plasmid in a total of 7.5 kb (6.1SacB + 1.4
MLtet).

E. Helper = Minos transposase was driven by hsp70 promoter.
Lane 1: A Hindll/ Sac Il ladder.
Lane 2-14: plasmid DNA was digested by Not|. Each lane gave the expected sized bands.

B. Helper= Minos RNA.
Lane 1: 1 kb ladder.
Lane 2-12: plasmid DNA was digested by Not I. Each lane gave the expected sized bands.
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Figure 4.6 Colonies obtained from Minos based transpositions were analyzed by Xho |
and Spel/Xho| restriction endonuclease respectively.

Minos transposase was controlled by the hsp70 promoter in transposition assay.

Plasmid DNA was isolated from the colonies and digested by Xho | and Spel/Xho | restriction
endonuclease respectively and detected by agarose gel eletrophoresis. For Xho | digestion, it
was expected to give 2 bands in a total of 7.5 kb. For Spe I/Xho | digestion, it was expected to
give 4 bands in a total of 7.5 kb

A. Lane 1: A Hind lll/ Sac Il ladder.
Lane 2,4-14: plasmid DNA was digested by Xho l.
Lane 3: plasmid DNA was digested by Xho I/Spe |.

B. Lane 1: A Hind Ill/ Sac |l ladder.
Lane 2,4-14: plasmid DNA was digested by Xho I/Spe |
Lane 3: plasmid DNA was digested by Xho |
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Nearly all of the transposition plasmids obtained using either Minos helper gave
DNA fragments of the expected sizes for canonical "cut and paste"

transposition events (confirmed transpositions in Table 4.1) (Appendix Ill).

Similarly most of the plasmids obtained with the hsp70.piggyBac helper were
due to transposition into sacB. However, for the other piggyBac helpers, most
of the transposition plasmids gave DNA fragments that were of an incorrect
size. Several of the "false" plasmids gave digestion patterns consistent with
being the donor plasmid. Further, in the experiment that used the piggyBac
RNA helper, several of the transposition plasmids obtained were much larger
than expected. The mechanism by which these plasmids arose was unable to
be determined but sequence analysis suggests that they were not due to true

transposition events.

The main conclusion from these assays is that both piggyBac and Minos can
transpose in Lucilia embryos. The most active helpers are the Minos RNA and
piggyBac plasmid with the hsp70 promoter.

Of the Minos helpers, significantly more transpositions were obtained with the
RNA than with the helper plasmid with the hsp70 promoter (p<0.0001, chi
square on 1 df).

Of the piggyBac helpers, significantly more transpositions were obtained with
the hsp70.piggyBac helper than with any of the other piggyBac helpers (chi
square, p<0.001). Further the number of transpositions increased significantly
in embryos that were heat shocked after injection (p= 0.0002). However it
should be noted that this is the result of a single experiment.

4.2.2.3 Determination of the insertion sites of the traspositions
The insertion sites for 17 piggyBac transposition plasmids (11 hsp70, 1 hsp83,
3 a1-tub, 2 RNA) was determined by direct sequencing (Table 4.2)
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Table 4.2 Sites of piggyBac insertion in the sucrase target gene.

TTAA site* Number of insertions (for/rev)”
500 2 (2/0)
681 0

891 2(11)
1053 2 (0/2)
1296 6 (2/4)
1503 5 (2/3)
1613 1(1/0)
1655 0
1868 0
1875 0

*Nucleotide number according to GENBANK submission no. for the sacB gene
(X02730). The sacB open reading frame is from 464 to 1885.

*Orientation of piggyBac relative to sacB where in the forward orientation
piggyBac and sacB are in the same 5' to 3' direction.
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with JFO1 primer (section 2.11). As expected, in all of the plasmids the
piggyBac—alacZ-ori-kan gene cassette had inserted into one of the TTAA target
sites in sacB. As previously found in Drosophila embryos (section 3.2) piggyBac
preferentially inserted into the TTAA sites at positions 1296 and 1503.

The insertion sites for 17 Minos transposition plasmids was determined by
directly sequencing with Milnv primer (Table 2.2). As expected all insertions
occurred in a TA target site in sacB. With the exception of the known preferred
site at 572 (Klinakis et al., 2000) (2 hits), the insertion sites were different for
each of the transposition plasmids. The positions were 598, 613, 732, 836, 970,
998, 1192, 1239, 1242, 1473, 1625, 1748 and 1750.

4.2.3 Germ-line Transformation

All germ-line transformation experiments were carried out in collaboration with
Dr. J.C. Heinrich. Additionally Ms. R. Henry and Dr. Allen Heath carried out the
fly work.

4.2.3.1 Evaluation of eye colour genes as marker

Identification of transformants requires a marker gene that encodes a product
that can be readily detected and used to distinguish the transgenic flies from the
much more plentiful non-transgenic siblings. One of the apparent advantages
of working with L. cuprina is the wealth of eye colour mutant strains that have
been isolated (Weller and Foster, 1993). Genes that encode proteins that are
required for eye pigment synthesis such as white, cinnabar and rosy have been
very useful for identifying transgenic Drosophila, medfly and the mosquito
Aedes aegypti ( Rubin and Spradling, 1982; Hazelrigg et al., 1984; Loukeris et
al., 1995; Coates et al., 1998). The white (w) mutant strain of L. cuprina, which
has white eyes, is believed to be homozygous for a loss-of-function mutation in
the white gene that is the homolog of the Drosophila and medfly white genes
(Summers and Howells, 1980; Elizur et al., 1990).
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In initial attempts to make transgenic Lucilia, the medfly white cDNA driven by
the Drosophila hsp70 promoter was used as a marker gene. The medfly white
rather than Drosophila white was used as the codon bias for medfly is more
similar to that of Lucilia than Drosophila. Further, at the time these experiments
were performed a full-length Lucilia white cDNA was not available. We used
both Minos (controlled with the hsp70 promoter) and piggyBac (controlled with
either the Drosophila hsp83 or o 1-tubulin promoters) helpers as these had both
been shown to be active in Lucilia embryos using interplasmid transposition
assays. The G,s that were obtained were mated in batches of either 5 or 10 per
mating and consequently the percentage of fertile Gys is not known. No
transformants were identified from any of the G, matings (Table 4.3).

There are several possible explanations for the apparent failure to make
transformants (see Discussion). One possibility was that the Drosophila hsp70
promoter was not sufficiently active during eye development in Lucilia to
produce enough C. capitata white* to rescue the w mutant. The hsp70 promoter
was replaced with the strong constitutive a7-tubulin promoter from Drosophila.
No Lucilia transformants were obtained using this marker gene and a piggyBac
helper (Table 4.3).

The Drosophila cinnabar (cn) gene has been used as a marker to identify
transgenic A. aegypti (Coates et al, 1998). The yellow eye Lucilia mutant strain
has been shown to lack the cinnabar gene product, kynurenine 3-
monooxygenase (Summers and Howells, 1978). Since cn is non-autonomous,
transient expression of microinjected DNA containing the cn gene is sufficient to
partially rescue the eye colour of the cn strain of Drosophila and the white strain
of A. aegypti (Warren et al., 1996; Cornel et al., 1997). We injected Lucilia ye
embryos with plasmid DNA containing the Drosophila cn gene but none of the
adults that developed showed any rescue of the yellow eye colour. This result
indicated that the Drosophila cn gene may not be expressed at a high enough
level to be used as a marker gene in Lucilia.
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Table 4.3 Attempts at germ-line transformation of Lucilia using C. capitata white* as a marker gene.

Helper Marker Expt. No. embryos No. GO No. GO per No. of transformants
injected mating

hsp70.Minos hsp70.Cc w* 1 400 70 10 0
2 400 33 10 0
3 400 110 10 0
4 400 65 10 0
5 200 23 2-5 0
6 200 20 2-5 0
Total 2000 317 0
hsp83.piggyBac  hsp70.Cc w* 1 400 42 5 0
a1-tub.piggyBac  hsp70.Cc w* 1 400 145 5 0
a1-tub.piggyBac  al-tub.Cow* 1 400 60 5 0
2 400 140 5 0
Total 800 200 0
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4.2.3.2 Transient expression of EGFP gene

The gene encoding the jellyfish green fluorescent protein (GFP) or its enhanced
derivative (EGFP) has been used a marker to identify a range of transgenic
insects including Diptera and Lepidoptera (Handler and Harrell, 1999; Peloquin
et al., 2000; Tamura et al., 2000; Pinkerton et al., 2000). It is a sensitive marker
that has the advantage that it can be used with any strain. A transient
expression assay was used to determine whether an EGFP construct was

active in L. cuprina embryos.

Embryos were microinjected with plasmid DNA containing the EGFP coding
region and either a Autographa californica nuclear polyhedrosis virus hr5-ie1
enhancer promoter (Huynh and Zieler, 1999) or the D. melanogaster actin 5C
(Pinkerton et al., 2000) or polyubiquitin (Davis et al., 1995) promoters. Embryos
were examined for EGFP expression using a fluorescence microscope,
approximately 16—24 h post-injection. Transient expression was only observed
in embryos injected with the polyubiquitin-EGFP construct (PUbnIsEGFP) and a
high proportion of embryos (40%) showed EGFP expression.

4.2.3.3 Establishment of the transgenic lines of L. cuprina using
polyubiquitin-EGFP as a marker

A series of transformation experiments was carried using PUbnIsEGFP as a
marker gene and either piggyBac (controlled by the Drosophila hsp70, hsp83 or
a1-tubulin promoters) or Minos (RNA) helpers (Table 4.4). The concentration of
Minos RNA was estimated by formaldehyde-agarose denaturing gel
electrophoresis (Figure 4.7). RNA standards were used to check the size.
More experiments were performed using the hsp70.piggyBac helper as this had
the highest activity in interplasmid transposition assays. With this helper several
EGFP positive embryos were identified among the G, offspring of two crosses
(A18 and A54) where each cross had a single G, male. No transformants were
identified with either the hsp83.piggyBac, o1-tub.piggyBac or Minos RNA

helpers.
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EGFP expression in line A18 and A54 appears to be stable. EGFP was
detected in most tissues in the embryo and larvae but was generally absent in
adult. The exception was the ovaries in adult female that showed strong EGFP
expression (Fig 4.8).

4.2.3.4 Confirmation of the integration of pB[PUbnISEGFP]

To confirm the integration of pB[PUbnIsEGFP] into the genome of the
transgenic lines, Southern DNA hybridisation experiments were performed (Fig.
4.9). The genomic DNAs of both transformant lines A18 and A54 were isolated
(section2.20) from the adults of 6-8"™ generations. The DNA was digested for
overnight with Not| and Bgl Il restriction endonucleases.

Two probes were used for the hybridisation. One was obtained by digestion of
pB[PUbnIseEGFP] with Cla I/Bgl |l restriction endonucleases and isolation of a
4.4 kb fragment, the other was obtained by digestion of pB[PUbnIsEGFP] with
Asp718 restriction endonuclease and isolation of a 0.85 kb fragment. The
probes contain most of the PUbnIsEGFP construct (Fig. 4.9B).

A transformant with a single insertion would give three bands, one of 3.0 kb and
the other two at least 2.2 kb and 0.7 kb. Line A54 gives the number of bands
expected for a single insertion of the EGFP construct. However, 7 strong bands
and one weak band of hybridisation were seen with A18 line indicating at least

3 and possibly 4 separate insertions.

4.2.3.5 Determination of the copies of integration of pB[PUbnIsEGFP]

To determine the number of copies of integration of pB[PUbnIsEGFP], genomic
DNA from both lines was digested with Hind lll restriction endonuclease. The
membrane was hybridised with a probe which was obtained by digestion of
pB[PUbnIsEGFP] with Asp718 restriction endonucleases and isolation of a 0.85
kb fragment.



Table 4.4 Germline transformation (TF) of Lucilia using polyubiquitin.EGFP as

a marker gene.

Helper Expt .No.embryos No. G, No. fertile No. of TF
injected (frequency)
a1-tub.piggyBac 1 400 15 9 0
2 400 34 18 0
Total 800 49 27 0
hsp83.piggyBac 1 400 24 10 0
2 400 27 19 0
Total 800 51 29 0
hsp70.piggyBac 1 400 6 3 0
2 400 48 19-23 0
3 400 12 6-9 0
4 400 70 25-33 0
5 400 19 9-13 0
6 400 92 42-58 2
Total 2400 247  104-139 2 (1.4-1.9%)
Minos RNA 1 400 85 54-72 0

126



127

1 23 4 5 6 7

Figure 4.7 Estimation of the concentration of the Minos RNA which mixed with

PMIEGFP plasmid for germline transformation of L. cuprina by formaldehyde-agarose
denaturing gel electrophoresis. RNA standards were used to check the size.

Lanes 1-3 and 6-7 were all loaded with standard RNA. The amount of RNA of per band for each
lane was: 1 = 50 ng/band, 2 = 75 ng/band, 3 = 100 ng/band, 6 = 150 ng/band and 7 = 250
ng/band.

Lane 4 was load with 1 uL of in vitro synthesised Minos RNA (arrow).

Lane 5 was loaded with 1 uL injection solution which contained Minos RNA and pMIiEGFP
plasmid DNA.

The sample was estimated to contain approximately 60 ng/uL of Minos RNA which was of the

correct size (arrow).
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Figure 4.8 EGFP expression in transgenic Lucllia lines.

A. Embryo from line A54.

B. Embryos from line A18.

C. Third instar larva from line A18.

D. Third instar larva from line A54.

E. Line A18 adult female. Note pale green abdomen that is due to EGFP

expression in ovaries.

F. Immature ovaries from line A18.

G. Mature ovary from liver-fed A18 female.
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Figure 4.9 Southern DNA hybridisation analysis of L. cuprina
pB[PUbnIsEGFP] transformant lines.

A. Schematic diagram of the pB[PUbnIsEGFP] vector showing the location of
the Not | and Bgl |l restriction sites and fragments that were used as
hybridisation probe. Note that an internal fragment of 3.0 kb is generated by Not
I and Bgl Il digestion.

B. Genomic DNA from each of two single individuals of the A18 and A54
transformant lines was digested with Not | and Bg/ Il. The DNA was size
separated by 1% agarose gel electrophoresis, transferred to a nylon membrane
and hybridised under conditions of high stringency with [*P] labelled DNA
probe (A.). A line with a single insertion should give 3 bands one of which
should be 3.0 kb

C. Genomic DNA from A18 and A54 lines digested with Hind lll was hybridised
with [*2P] labelled DNA probe shown in A. Each insertion should give a single
band of at least 0.7 kb. The data indicate that line A54 has a single insertion
whereas line A18 has four separate insertions.
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This 0.85 kb probe would detect a single variably sized band larger than 0.7 kb
for each insertion present in the line (Fig. 4.9C). Line A54 gave a single band
confirming that this line carries a single insertion of pB[PUbnIsEGFP]. With line
A18 DNA 4 bands were seen indicating that this line has 4 separate insertions
of pB[PUbnISEGFP], consistent with the previous hybridisation data.

4.2.3.6 Determination of the insertion sites of pB[PUbnIsEGFP] by inverse
PCR

The sites of insertion for the two lines were determined using inverse PCR
(section 2.17). Genomic DNA was digested with Taq | for left arm circles and
Sau 3A for right arm circles. Sequence flanking both sides of the A54 insertion
was obtained (Figure 4.10) For line A18 only 3 of 4 possible flanking sequences
were obtained with both Taq | and Sau 3A-digested DNA. In all cases, as
expected piggyBac has inserted into a TT AA target site.

In Drosophila it was noticed that there was a preference for either A or T at the
-3, -1 and +1 positions relative to the TTAA site (section 3.2). The Lucilia
insertion sites did not show the same sequence bias, with the possible
exception of the —1 position where 3 of 4 sequences match the Drosophila

consensus.

Using BLAST, the Genbank nucleotide database was searched for sequences
similar to the sequences flanking the sites of insertion. No similarities were
found with the exception of one of the left flanking sequences (Tagq | digest) of
the A18 line. This sequence showed similarity to the Lu-P1 sequence, one of
two P-like sequences discovered in Lucilia cuprina (Perkins and Howells, 1992)
(Fig. 4.11). The similarity begins 66 bp from the TTAA insertion site and
extends for 169 bp to the Tagq | restriction site. There is 75% identity between
the A18 flanking sequence and Lu-P1, which is higher than the similarity
between Lu-P1 and Lu-P2 (Perkins and Howells, 1992). The region of similarity
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piggyBac polyubiquitin SV40 poly A, piggyBac

4] I> promoter + NLS ori, promoter <] L’

MS03 MFO1 MF04 JFO1
Left Arm Right Arm

Taq| digest + Sau3A digest +

PCR with MS03 + PCR with JFO1 + MF04
MFO1
Ab4 left: AS4 right;
TCCTGAAAAGGTAAATTTCTTTAA TTAAACAAATAAAAATTTTAATTA
Al8 left: Al8 right:
TATGGTCCGATAAGATGACAATTAA TTARGAGATATTCAARCCACGARC
ATATTTTGCCTIACTCOOCTTTAR TTARGCCAGTAATGEAGAGTTAAA
ARAGGTECCAGAGTTITCGGTTAA TTAAANCAAACATNTATGTTGTAT

Figure 4.10 Flanking sequences of the L. cuprina transformant lines determined by
Inverse PCR.

The inverse PCR strategy was essentially the same as that of Elick et al. (1997) On the top is
shown a schematic diagram of the pB[PUbnISEGFP] vector showing the location of the Tag |
and Sau 3A restriction sites and PCR primers. Genomic DNA from the A18 and A54 lines was
digested with Tag | and also with Sau 3A and ligated at low DNA concentration. PCR was
performed with primers indicated as described in experimental procedures. The PCR products
were either sequenced directly with one of the PCR primers or cloned into a plasmid vector. In
all lines the vector has inserted into and duplicated a TTAA target site as expected for standard
piggyBac-mediated transposition. Note that for the A18 line insertion sites, It is not known
which left flanking sequence matches should be paired with which right sequence.
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begins almost 600 bp upstream of the proposed exon 0 of Lu-P1. Good
candidates for inverted repeat termini in Lu-P1 were not found previously
(Perkins and Howells, 1992). The sequence similarity between Lu-P1 and A18

flanking sequence suggests that the 5' end of the Lu-P repetitive sequence is at
least 600 bp upstream of the first exon.

The Southern DNA hybridisation and inverse PCR experiments were all
performed by the candidate.
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Figure 4.11 Alignment of the left flanking sequence of one of the line A18

insertion sites with Lu-P1, a P-like element from Lucilia cuprina.

The flanking sequence shows 75% identity with a 168 bp region of the Lu-P1

sequence which begins almost 600 bp upstream of the proposed exon O

(Perkins and Howells, 1992). The similarity ends at the Taq | restriction site in

the A18 sequence, as this was the enzyme that was used to digest the genomic

DNA.
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4.3 DISCUSSION

4.3.1 piggyBac Can Mediated Germ-line Transformation of Lucilia cuprina

The results of the above experiments have shown that piggyBac can mediate
germ-line transformation of Lucilia cuprina, thus extending the number of insect

species that can be transformed with this element.

4.3.2 Transformation Frequency of piggyBac Mediated Germ-line

Transformation of Luciiia cuprina

Using the helper plasmid with the Drosophila melanogaster hsp70 promoter
controlling expression of the transposase and the PUbnIsEGFP marker gene
two transgenic lines were obtained from 104 to 139 fertile G, adults giving a
transformation frequency of 1.4 to 1.9%. The frequency is similar to that
obtained for piggyBac mediated transformation of silkworm (Tamura et al.,
2000), medfly (Handler et al., 1998) and pink bollworm (Peloquin et al., 2000).
Atkinson and O'Brochta (1992) showed the hsp70 promoter appears to have
low activity in L. cuprina embryos, so may not make much transposase. This
may explain the low transformation frequency in this study. Both transformant
lines were obtained from a single injection experiment where a high percentage
of injected embryos developed into G, adults (23%). This may simply have
been due to chance as almost half of the fertile adults were obtained from this
experiment. Alternatively it may indicate the importance of post-injection
survival in obtaining transgenic Lucilia. Catteruccia et al. (2000) noted that a
high percentage adult survival was a good indicator of the likelihood of

successful transformation of the mosquito Anopheles stephensi.

PUbnIsEGFP was used as a marker gene and either piggyBac (controlled by
the Drosophila hsp70, hsp83 or a1-tubulin promoters) or Minos (RNA) helpers
to transform L. cuprina. No transformants were identified with either the
hsp83.piggyBac, a1-tub.piggyBac or Minos RNA helpers (Table 4.4). However,
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this does not necessarily indicate that these helpers are significantly less
effective than the hsp70.piggyBac helper as the number of fertile G,s obtained
was much less than with the hsp70 helper.

4.3.3 The Survival of Transformation

The reasons for the percentage adult survival being so variable is not known,
although it is probable that the quality of the injection needles is an important
factor. In any case, for routine transformation of Lucilia it would be desirable if a
higher percentage of injection experiments produced transformants and/or a
higher frequency of transformation was obtained from those experiments that
did yield transformants.

4.3.4 Improvement of Transformation Efficiency

The frequency of transformation could potentially be improved by using a native
Lucilia promoter from a constitutively expressed gene to control expression of
the transposase gene. Helper plasmids with the constitutive a7-tubulin and
hsp83 promoters from Drosophila controlling piggyBac transposase expression
were effective at mediating germ-line transformation in D. melanogaster
(section 3.2).

Alternatively the frequency of transformants detected could potentially be
increased by using a different marker gene. Use of a promoter from a Lucilia
gene that is expressed in early development (so embryos can be screened) or
insulator elements to block any negative chromosomal effects at the site of
integration (Bell and Felsenfeld, 1999) could potentially improve marker gene
expression. Further DsRed (Clontech) which emits red light upon excitation,
could be a more sensitive marker than EGFP as Lucilia embryos show a low
level of background yellow-green fluorescence.
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4.3.5 The Copies of Integration of PUbnIsEGFP

Of the two transformant lines obtained, one had a single copy of the transgene
and the other most likely had four copies. The latter was unexpected, since
most piggyBac-mediated D. melanogaster transformant lines have a single
copy of the transgene (Handler and Harrell, 1999) and medfly lines have one or
two integrations (Handler et al., 1998). However, it has recently been reported
that piggyBac-mediated Anastrepha suspensa transformant lines have between
one and four integrations of the PUbnIsEGFP marker gene (Handler and
Harrell, 2001). Multiple integrations suggest that either there was a high level of
transposition in the pole cell that took up the plasmid DNAs, possibly due to a
burst of transposase synthesis, or that there were successive rounds of
transposition throughout development. If the latter, then either the plasmid
DNAs and/or the piggyBac transposase must be stable in Lucilia. Alternatively,
if expression of the integrated marker gene was poor, for example due to
position-effects, then by chance detection of a transformant line with multiple
integrations would be more likely. This possibility could be tested by
successive backcrossing of the line that has multiple integrations with the wild-
type strain to obtain lines that carry single integrations (if on separate
chromosomes). If marker gene expression is subject to strong position-effects

in Lucilia, then some of the sub-lines would show little EGFP expression.

4.3.6 The Expression of EFGP in L. cuprina

In transformed D. melanogaster lines, the = PUbnIsEGFP marker gene is

expressed throughout most of development and in most cells (Handler and
Harrell, 1999; Davis et al., 1995). In a sus-pensa transformant lines,
PUbniIsEGFP gene expression was detectable at all stages and in adults was
most obvious in the thoracic region (Handler and Harrell, 2001). Similarly, in the
L. cuprina transformant lines EGFP expression was detected in most cells in
embryos and larvae. However, in most adult tissues EGFP expression was
undetectable, with the exception of the ovaries and thoracic flight muscles.
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Thoracic expression was relatively weak and was only detected in the A18 line.
The lack of EGFP expression in most adult tissues could be due to position
effects or one or more of the transcription factors, that recognize the D.
melanogaster polyubiquitin promoter, may be absent in most L. cuprina adult
cells. Additional L. cuprina transformant lines carrying the PUbnIsEGFP marker

will be needed to distinguish between these possibilities.
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CHAPTER 5

REGULATED EXPRESSION OF msi2IN
DROSOPHILA MELANOGASTER
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5.1 INTRODUCTION

The goal of this project was to develop strains suitable for male-only sterile
release programs. An ideal strain for SIT would be one where female lethality
could be specifically induced early in development, leaving only a population of
males.

The aim of the study in this chapter was to use the fruit fly Drosophila
melanogaster as a model insect for evaluating molecular genetic strategies for
inducing female-specific lethality. Drosophila was used because it is easily
transformed and there is a wealth of knowledge on the genetics and molecular
biology of this species of insect. However, the recent development of means for
transforming other insects suggest that, in the long term, these results could be

used to improve SIT for controlling insect pests.

The simplest means for inducing female lethality would be to control the
expression of a female-lethal gene. In Drosophila one such gene is male-
specific lethal-2 (msl2) (section1.3.2). Several gene expression controlling
systems are available as reviewed in section 1.5. In this. study we controlled the
expression of ms/-2 via a tetracycline regulated inducible expression system.

A tetracycline regulated inducible gene expression system for Drosophila had
been developed by Prof. W. Gehring and colleagues (Bello et al., 1998). The
system involved two fly strains, one expressing a chimeric tetracycline
dependent transactivator (tTA) which was generated by fusing the tetracycline
repressor (tetR) of E. coli with the strong transcriptional activation domain of the
herpes simplex virus protein VP16 (Gossen and Bujard, 1992). The other strain
contained a target gene (such as lacZ, msi2) placed under the control of a
promoter bearing seven copies of tetracycline operator sequences (tetO) (Bello
et al., 1998). Crossing of the two strains generated a tetracycline regulated

inducible gene expression system. The binding of tetR to tetO is inhibited by
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tetracycline. Thus high levels of target gene expression occur in the absence
but not presence of tetracycline (Hillen and Wissmann, 1989).

In this study several tTA containing constructs were developed. The tTA gene
was controlled by different promoters (arm, hsp83 and a1-tubulin) and carried
by two different vectors. A tetO-msi2 construct was also developed and the

efficiency of expression of ms/2 induced by tTA was evaluated.
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5.2 RESULTS

5.2.1 Development and Analysis of Strains Carrying tTA Constructs Based
on Plasmid pW.TAPr

In order to generate fly strains which constitutively express tTA, plasmids
pW.T—atub, pWT-arm and pWT-hsp83 were constructed.

The al-tub (EcoR |/Sac |l blunted) promoter (section 1.4.3.3) from pGEM-
T-al1tub (see Table 2.1) was subcloned into pW.TAPr plasmid (appendix [I)
(EcoR I/Kpn 1) to form pW.T—atub. pW.TAPr is a P element based vector

containing multiple sites upstream of tTA.

The constitutive armadillo (arm EcoR I/Kpn 1) promoter (section 1.4.3.4) from
pCaSpeR-arm-Bgal (appendix |I) was subcloned into pW.TAPr (EcoR I/Kpn |)
(appendix Il) to form pWT-arm.

The hsp83 (Not I/Kpn |) promoter (section 1.4.3.2) from pBS-h83 (see Table
2.1) was subcloned into pW.TAPr (Not I/Kpn 1) (appendix Il) to form pWT-h83.

D. melanogaster embryos were coinjected with pWT-atub, pWT-arm or pWT-

h83 and helper plasmid pTurBO (contains P transposase ORF) (see Table 2.1)
to generate strains containing tTA driven by the o 7-tub, arm and hsp83

promoter respectively.

For the pW.T-a1tub construct, 5 lines of transformants were obtained from 37
G, adults with a transformation rate of 13.5%. The eye color of the

transformants varied from pale yellow to wild type.

For the pW.T-arm construct, 13 lines of transformants were obtained from 80
G, adults with a transformation rate of 16.5%. For the pW.T-h83 construct 13
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lines of transformants were obtained from 42 G, adults with a transformation
rate of 31%. 4 lines were selected for each construct and bred to homozygosity.

To evaluate the expression of tTA, strains carrying o 1tub-tTA, arm-tTA and
hsp83-tTA genes were each crossed with a tetO-lacZ reporter strain (seeTable
2.1) to generate a tetracycline inducible gene expression system. The progeny
from the crosses, which contained both tTA (driven by different promoter) and
tetO-lacZ genes, were reared on media either without or with tetracycline (10
ug/mL). Climbing 3" instar larvae were dissected and stained for B-
galactosidase activity (section 2.18). It was expected that there would be a high
level of lacZ product produced (strong blue color) in the larvae raised on normal
media and there would be no (or very little) lacZ product produced (no color or
weak blue) in the larvae raised on media containing tetracycline. However a
weak blue color was observed in the tissues of larvae in both the presence and
absence of tetracycline (data not shown). A low level of B—galactosidase activity

indicated that none of the larvae were producing significant levels of tTA.

To further confirm these results, quantitative spectrophotometric assays
(section 2.16) were performed. The results are shown in Tables 5.1 and 5.2.
For WT-hsp83 | found that the B —galactosidase activity was similar when
tetracycline was present or absent in the culture medium. Further, the level of
activity was similar to a strain that had only the tetO-lacZ transgene (Table 5.4).
This suggested there was a lack constitutive expression of tTA in either the
pWT-arm or pWT-hsp83 construct. However with the WT-arm lines, particularly
13 and 27 there was a small but significant increase in f—galactosidase activity
in flies raised on medium that lacked tetracycline. This indicates that the WT-
arm lines could be expressing a low level of tTA.
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Table 5.1 B-galactosidase assays (section 2.16) of progeny of crosses
between strains carrying WT-arm and strains carrying tetO-lacZ either
with (+) or without (-) tetracycline (tet) in the medium.

Line no B—gal activity 95%"°
of tet Aabs/min/mg confidence
arm-tTA (10 pug/mL) wet fly weight x10° n limit
13 + 0.34 3 0.02
13 - 0.72 3 0.14
19 + 0.50 3 0.040
19 - 0.86 3 0.1
27 + 0.20 3 0.094
27 - 0.50 3 0.036

2 B—gal activity (Aabs/min/mg wet fly weight x10%) is the mean of
B—galactosidase activity from n number of independent experiments.
®95% confidence limits was determined by using Microsoft Excel 98.
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Table 5.2 B—galactosidase assays (section 2.16) of progeny of crosses

between strain carrying WT-hsp83 and strain carrying tetO-lacZ either
with (+) or without (-) tetracycline (tet) in the medium.

Line no B—gal activity? 95%"°
Of tet Aabs/min/mg confidence
WT-hsp83 (10ug/mL) wet fly weight x10* n limit

8 + 0.24 3 0.054
8 - 0.23 3 0.042
30 + 0.59 3 0.19
30 - 0.64 3 0.26
35 + 0.19 3 0.011
35 - 0.35 3 0.062
40 + 0.32 3 0.074
40 - 0.43 3 0.036

2 B—gal activity (Aabs/min/mg wet fly weight x10°) is the mean of
B-galactosidase activity from n number of independent experiments.
®95% confidence limits was determined by using Microsoft Excel 98.
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5.2.2 Development and Analysis of Strains Carrying pWHT (Appendix Il)
Based tTA Genes

Since none of the constructs based on the pWT APr vector appear to make little
if any tTA, this suggested that there may be a fault in the vector. The vector was
made by Dr. Bruno Bello but was not tested by him. Dr. Bello has thoroughly
tested another vector pWHT (appendix Il), which has a minimal promoter (TATA
box) upstream of the tTA coding sequences. Dr. Jorg Heinrich had also
successfully used the pWHT vector (Heinrich and Scott, 2000). Therefore new
arm-tTA and hsp83-tTA constructs were prepared based on the pWHT plasmid.
These constructs would thus potentially have 2 transcription start sites, one
from the inserted promoter (ie. arm or hsp83) and one from the minimal

promoter.

The hsp83 (PsPOM |/Not 1) promoter from pBS-hsp83 (see Table 2.1) was
subcloned into pWHT (Not I) (appendix |l) to form pWH-hsp83. The constitutive
armadillo (arm EcoR |/Kpn |) promoter from pCaSpeR-arm-Bgal (appendix Il)
was subcloned into pWHT (EcoR I/Kpn 1) (appendix Il) to form pWH-arm. D.
melanogaster embryos were coinjected with each of pWH-arm and pWH-h83
respectively and helper plasmid pTurBO (Table 2.1) to generate new strains
containing tTA driven by the arm and hsp83 promoter respectively. For the
pWH-arm construct, 2 lines of transformants were obtained from 24 G, adults
with a transformation rate of 8.3%. For the pWH-h83 construct, 2 lines of
transformants were obtained from 22 G, adults with a transformation rate of
9.1%. All 4 lines were bred to homozygosity.

To confirm constitutive expression tTA, pWH-arm and pWH-h83 lines were
crossed with a tetO-lacZ reporter strain (obtained from Dr.B. Bello see Table
2.1) to generate a tetracycline inducible gene expression system. The progeny
the crosses containing both tTA and tetO-lacZ genes were reared on media
without or with tetracycline (10 ug/mL). Climbing third instar larvae were

collected and stained for B-galactosidase activity (section 2.18).
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For crosses between WH-arm and tetO-lacZ a strong blue color was observed
in most of the tissues in the larval offspring when tetracycline was absent,
suggesting a high level of /lacZ product produced. In contrast, there was no
color or weak blue in the tissue of the larvae when tetracycline was present,
suggesting the production of no or very little lacZ product. These results are
shown in Figure 5.1.

For crosses between WH-hsp83 and tetO-lacZ a blue color was observed in
most of the tissues in the larvae when tetracycline was absent (Figure 5.2).
However, the level of staining observed was less strong than the one in crosses
between WH-arm and tetO-lacZ. There was no or weak blue color in the tissue
of the larvae when tetracycline was present, suggesting the production of no or

very little lacZ product.

To further confirm that the WH-arm and WH-h83 strains constitutively
expressed tTA, the new tTA lines were crossed with the tetO-lacZ strain and
cultured in medium with or without tetracycline. Quantifiable spectrophotometric
B—galactosidase assays (section 2.16) were performed using the adult progeny.
The results of the assays are shown in Tables 5.3 and 5.4. The results showed
that the p—galactosidase activity was significantly elevated when tetracycline
was absent from the culture medium, indicating that there was constitutive {TA
expression in both the WH-arm and WH-h83 strains. The WH-arm lines appear
to produce higher tTA levels than the WH-h83 lines.

To address the induction of lethality by the WH-arm and WH-h83 lines, a strain
carrying tetO-hid (a gift from Dr. Heinrich) was crossed with these lines. Only
the cross between line 19 of WH-arm and tetO-hid caused lethality (Table 5.5)
indicating that there was constitutive tTA expressed in this WH-arm line.



149

Figure 5.1 Histochemical B—galactosidase assays of third instar larvae
carrying both WH-arm and tetO-lacZ constructs

Fly strains (line 19 and 28) containing the WH-arm construct were crossed with
a strain containing tetO-LacZ genes. Third instar larvae of the crosses were
dissected and stained using a histochemical method for f—galactosidase activity
(section 2.18).

Larvae from arm-tTA line 19 (A) or line 28 (C) raised on normal instant food
showing B—galatosidase expression in skin and gut.

Larvae from arm-tTA line 19 (B) or line 28 (D) raised on instant food contained
10 pug/mL tetracycline, showing no p—galatosidase expression in any tissue

except in some gut. This activity is probably due to endogenous Drosophila
B-galactosidase.

E and F. f—galactosidase staining of third instar larvae carrying a /acZ gene
driven by arm promoter. B—galactosidase is expressed constitutively in this
strain.
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Figure 5.2 Histochemical B-galactosidase assays of third instar larvae
carrying both WH-hsp83 and tetO-lacZ constructs

Fly strains (line 18 and 3) containing the WH-hsp83 construct were crossed to
a strain containing tetO-LacZ genes. Third instar larvae of the crosses were
dissected and stained using a histochemical method for f—galactosidase activity
(section 2.18).

Larvae from hsp83-tTA line 18 (A) or line 3 (C) raised on normal instant food
showing pB—galatosidase expression in skin and gut.

Larvae from hsp83-tTA line 18(B) or line 3 (D) raised on instant food contained
10 pug/mL tetracycline, showing no p—galatosidase expressed in any tissues
except in some gut. This activity is probably due to endogenous Drosophila
p—galactosidase.
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Table 5.3 B —galactosidase assays (section 2.16) of progeny of cross
between strains carrying new WH-arm and strain carrying tetO-lacZ either
with (+) or without (-) tetracycline (tet) in the culture medium.

Line no B—gal activity ® 95%"°

of tet  Aabs/min/mg confidence
arm-tTA (10ug/mL)  wet fly weight x10* n limit

19 + 0.54 3 0.046

19 - 2.1 3 0.27

28 + 0.30 3 0.04

28 - 3.1 3 0.39
arm-lacZ 14 3 0.43

® B—gal activity (Aabs/min/mg wet fly weight x10°%) is the mean of
B—galactosidase activity from n number of independent experiments.
®95% confidence limits was determined by using Microsoft Excel 98.
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Table 5.4 f—galactosidase assays (section 2.16) of progeny of crosses
between strains carrying WH-hsp83 and strain carrying tetO-lacZ either
with (+) or without (-) tetracycline (tet) in the culture medium.

Line no B-gal activity ® 95%"°

of tet  Aabs/min/mg confidence
hsp83-tTA  (10ug/mL) wet fly weight x10* n limit

3 + 0.35 3 0.028

3 - 1.6 3 0.34

18 + 0.44 3 0.16

18 - 1.7 3 0.21
°pgd-lacZ (control) 3.5 3 0.32
tetO-LacZ (control) 0.26 3 0.02

2 B—gal activity (Aabs/min/mg wet fly weight x10?) is the mean of
B—galactosidase activity from n number of independent experiments.

®95% confidence limits was determined by using Microsoft Excel 98.

¢ pgd-lacZ line strongly expresses p—galactosidase in several tissues (Scott and

Lucchesi, 1991)
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Table 5.5 Number of male and female offspring of crosses between lines
WH-arm or WH-hsp83 and lines carrying tetO-hid genes raised on instant
food (section 2.23.1.2) either with (+) or without (-) tetracycline (tet) in the

culture medium.

No. No.
tet of of

Line no. (10ug/mL) male female
WH-arm

19 + 36 33

19 - 0 0

28 + 35 37

28 - 29 35
WH-hsp83

3 + 35 40

3 - 35 39

18 + 31 34

18 - 43 37
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5.2.3 Development and Evaluation of a Tetracycline Regulated ms/2
Expression System

Plasmid ptetO-msI2 was constructed to develop a strain carrying a tetracycline
regulated ms/2 gene. It was obtained by subcloning a fragment containing the
msl2 (EcoR |/Not 1) coding sequence from pXL1 (appendix Il) into pWTP2
(EcoR I/Not ) (appendix II).

D. melanogaster embryos were coinjected with ptetO-msi2 and helper plasmid
pTurBO (Table 2.1) to generate strains containing tetO-msi2. Four lines of
transformants were obtained from 32 G, adults with a transformation rate of

12.5%. All lines were bred to homozygosity.

To evaluate the tetracycline regulated female killing system, the fly strains
carrying the tetO-msi2 construct were crossed to either the pWH-arm (line 19 or
line 28) or pWH-h83 (line 3 or 18) lines respectively and raised on medium
either with or without tetracycline. The expected result was that there would be
no female offspring survive when tetracycline was absent in the medium and
both male and female offspring survive when tetracycline was present. The
results shown in Tables 5.6 and 5.7 indicate that both male and female
offspring would survive in the fly medium no matter if tetracycline were present
or absent.

For some of the crosses the ratio of male to female (M/F) was significantly
greater than one (eg. WH-arm line 19 or 28 crossed tetO-msi/2 line 5 or 6) when
they were raised on normal instant food lacking tetracycline. Note that for the
yw injection stock, the ratio between male and female is around 1. Thus the
lower survival of female raised on medium lacking tetracycline might be due to
the expression of ms/2. Presumably not all of the females died because the
level of msi2 expression was lower than required for 100% female lethality. The
crosses of lines 5 or 6 carrying tetO-msl2 gene with lines 19 or 28 carrying WH-

arm genes gave the highest level of female lethality. However, there was no
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significant female lethality among the offspring of the crosses between WH-h83
and tetO-msl/2 lines (Table 5.7). These results are consistent with the earlier
experiments with the tetO-lacZ strain which indicated that the WH-arm lines
produce more tTA than the WH-h83 lines.

The most direct method for confirming that females carrying both WH-arm and
tetO-msl2 constructs express MSL2 would be to perform Western blots with
anti-MSL2 antibodies. However, our laboratory did not have a suitable antibody
was available at the time these experiments were carried out. An anti-MSL3
antibody was available that had been successfully used for detecting MSL3
bound to the male chromosome by indirect immunoflurosence (Henry et al.,
2001). In female, MSL3 does not bind to the X chromosomes unless MSL2
protein is present (Kelly et al, 1995). WH-arm line 19 was crossed with tetO-
msl2 lines 5 or 6 and the climbing third instar larvae were collected and sexed.
MSL3 binding to the female and male X chromosomes was detected by
immuno-staining of polytene chromosome spreads. The results are shown in
Figure 5.3. MSL3 was detected bound to female X chromosomes in larvae
raised on normal medium (Figure 5.3 A-D) but not on medium contained
tetracycline (Figure 5.3 E-F). In contrast, the MSL3 antibody bound to the male
X chromosomes in the larvae raised on medium with or without tetracycline
(Figure 5.3 G-L).

These results strongly indicate that there was significant MSL2 expression in
female larvae carrying both WH-arm and tetO-msl/2 constructs if raised on
medium lacking tetracycline. However since not all females died, this raised the
possibility that the WH-arm lines may not be producing high levels of tTA. To
address this question Yp/-tTA line 19 was crossed with tetO-msl2 lines. Ypl-tTA
line strongly expresses tTA in female fat cells (Heinrich and Scott, 2000). The
results are shown in Table 5.8. For all crosses there was no significant
decrease in female viability. This is in contrast to results obtained with a tetO-
hid line (hid is a proapoptotic gene) were 100% of female progeny die if crosses
were raised on medium lacking tetracycline (Heinrich and Scott, 2000). These



158

Table 5.6a Ratio of male (M) to female (F) offspring of crosses between
WH-arm and a strain carrying tetO-ms/2 raised in the instant food (section

2.23.1.2) lacking tetracycline.

WH-arm tetO-msli2 M/F

Line Line M F Ratio x2 P

19 5 136 74 1.82 18.31 <0.005
19 6 179 104 1.73 19.88 <0.005
19 13 175 136 1.26 4.89 >0.05
19 32 120 64 1.35 1.82 >0.05
28 5 148 88 1.81 156.25 <0.005
28 6 151 70 2.21 29.69 <0.005
28 13 147 137 1.09 0.35 >0.05

28 32 121 79 1.54 8.82 <0.005
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Table 5.6b Ratio of male (M) to female (F) offspring of crosses between
WH-arm and a strain carrying tetO-msi2 raised on instant food (section
2.23.1.2) with tetracycline.

WH-arm tetO-msl2 M/F

Line Line M F Ratio x? P

19 5 34 32 1.06 - 0.06 >0.05
19 6 23 19 1.21 0.38 >0.05
19 13 35 35 1.00 0.00 >0.05
19 32 42 39 1.08 0.11 >0.05
28 5 35 32 1.09 0.13 >0.05
28 6 48 43 1.11 0.29 >0.05
28 13 50 46 1.19 0.17 >0.05

28 32 26 31 0.84 0.45 >0.05
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Table 5.7a Ratio of male (M) and female (F) offspring of crosses between
WH-hsp83 and a strain carrying tetO-msi2 raised on instant food (section
2.23.1.2) lacking tetracycline.

WH-hsp83 tetO-msi2 M/F

Line Line M F Ratio y P
3 5 66 62 1.06 0.13 >0.05

3 6 113 91 1.24 2.37 >0.05

3 13 122 80 1.34 8.73 <0.005
3 32 86 67 1.28 2.36 >0.05
18 5 64 Al 0.92 15 >0.05
18 6 75 60 1.25 1.67 >0.05
18 13 94 o1 1.04 0.05 >0.05

18 32 78 61 1.25 2.08 >0.05
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Table 5.7b Ratio of male (M) and female (F) offspring of crosses between
WH-hsp83 and a strain carrying tetO-msi2 raised on instant food (section
2.23.1.2) with tetracycline.

WH-hsp83 tetO-msi2 M/F

Line Line M F Ratio 1 P

3 5 36 34 1.06 0.057 >0.05
3 6 41 42 0.98 0.012 >0.05
3 13 48 51 0.94 0.091 >0.05
3 32 50 47 093 1.06 >0.05
18 5 38 40 0.92 0.051 >0.05
18 6 31 30 1.03 0.016 >0.05
18 13 44 42 1.05 0.047 >0.05

18 32 49 53 094 0.157 >0.05
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Figure 5.3 Immunostaining (using an MSL3 antibody) of polytene
chromosomes of female larvae carrying WH-arm and tetO-msi2
constructs.

Transgenic line (#19) containing WH-arm genes was crossed with transgenic
line (#5) containing tetO-msi2 genes. Polytene chromosomes of the third instar
larvae of the cross were sexed and stained with goat anti-MSL3 antibody and
FITC-congregated anti-goat antibody (A, C, E=female; G, |, K=male).

The nuclei were also stained with DAPI to visualize all of the chromosomes (B,
D, F=female; H, |, L=male).

Larvae were either raised in the absence (A-D=female; G-J=male) or presence
(E-F=female; K-L=male) of tetracycline. MSL3 was detected only on the female
X chromosomes in larvae raised on medium lacking tetracycline (A, C).

Arrows point to the X chromosome(s).
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Table 5.8 Ratio of male (M) to female (F) offspring of crosses between a
strain carrying yp/-tTA and strains carrying tetO-msi2 raised on instant
food (section 2.23.1.2) lacking tetracycline.

tet-msi2 M/F

Line M F Ratio x° P

5 78 82 0.94 0.20 >0.05
6 134 122 1.39 0.56 >0.05
13 109 92 1.3 1.42 >0.05
32 76 76 1.0 1.00 >0.05
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results suggest that the small decrease in female viability among the offspring
of WH-arm and tetO-mslI2 line is unlikely to be due to low tTA expression.
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5.3 DISCUSSION AND FUTURE WORK

In this chapter a regulated female killing system was investigated which could
be developed by controlling ms/2 expression with the tetracycline transactivator
(tTA).

Initially considerable difficulty was expressed in making lines that constitutively
expressed tTA. All initial constructs were based on the pWT-APr vector supplied
by Dr. Bruno Bello. tTA was controlled by a1-tub, hsp83 or arm promoters. {TA
expression in lines carrying these constructs was evaluated by crossing with a
tetO-lacZ reporter strain. Both histochemical and spectrophotometric assays
indicated there was very low if any B-galactosidase expression in the offspring

of these crosses.

Since the tetO-lacZ strain was known to be functional (Bello et al., 1998;
Heinrich and Scott, 2000), then the lack of B—gal expression was most probably
caused by the tTA constructs. Either the transactivitor tTA failed to bind to the
tetO or tTA failed to be expressed or was expressed at a very low level. Each of
the promoters (a1-tub, hsp83 or arm) placed upstream of tTA had been used
previously to control the piggyBac transposase gene. Sequencing of al-tub-tTA
construct revealed that the tTA translation start site was correct. Thus the most
likely explanation was that there was some error for pW.TAPr (appendix Il),
which was never confirmed by Dr. Bello to be functional.

The pWH-arm and pWH-h83 plasmids were based on the pWHT, which is a P
based vector that contains a hsp70 minimal promoter upstream of the tTA
coding region. pWHT had been successfully used by Dr. Bello and as described
by Heinrich and Scott (2000). The B—galactosidase staining assays showed that
the WH-arm and WH-hsp83 constructs could induce /acZ expression. There
was blue color in most of the tissues in the larvae when tetracycline was absent
and there was no color or weak blue in the tissue of the larvae when
tetracycline was present. Both WH-arm lines appear to induce stronger blue
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larva tissue than did the WH-hsp83 lines indicating that the armadillo promoter
was stronger than the hsp83 promoter for tTA expression. The
spectrophotometric p-galactosidase activity assays confirmed that the WH-arm
lines induced higher p—galactosidase activity than that of the WH-h83 lines.
Further B—galactosidase expression was inhibited by tetracycline in the diet. It
was concluded that the WH-arm and WH-h83 lines constitutively express tTA
and that WH-arm lines express higher levels of tTA than the WH-h83 lines.

Since the WH-arm and WH-h83 lines express {TA, they were crossed with lines
carrying a tetO-msl2 construct to evaluate their use in the control of female
viability. Constitutive expression of MSL2 would be likely to cause female
lethality due to hyperactivation of the female X chromosomes by the MSL
complex (Kelley et al., 1995). Indeed, in offspring of the WH-arm/tetO-msi2
crosses there was a significant decrease in female viability. Immuno-staining of
polytene chromosomes with anti-MSL3 antibody confirmed that the MSL
complex was assembling in female nuclei. MSL complex assembly in females is
absolutely dependent upon the presence of MSL2 (Zhou et al., 1995). However
this is a very sensitive assay and has been used to detect very low levels of
MSL2 expression (Kelley et al., 1997). To measure MSL2 levels more directly
would require an anti-MSL2 antibody, which was not available for this study.
However, about 50% of the females survived. The most likely explanation for
this result is that the level of ms/2 expression was not high enough to cause
complete doubling of transcription of X-linked genes in females. Chang and
Kuroda (1998) reported ectopic expression of MSL2 protein in females is not
sufficient to induce an insurmountable level of dosage compensation.
Overexpression both MSL1 and MSL2 in females resulted in 100% female-
specific lethality, suggesting that MSL1 is a limiting factor in females the
overexpress MSL2. Thus the incomplete female lethality observed in this study

could be due to low level of MSL1 in females.

Interestingly, there was no decrease in female viability among the offspring of
crosses between ypl-tTA and tetO-msi2 lines. The ypl-tTA lines are known to
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strongly express tTA in the female fat body (Heinrich and Scott, 2000). This
indicates that induction of MSL2 expression and consequent MSL complex
assembly specifically in fat cells is not sufficient to cause female lethality.
However, Thomas and Alphey (2000) reported 100% female lethality among the
offspring of a cross between yp3-tTA and tetO-msi2 lines. Since the ypl-tTA and
yp3-tTA lines appear to make about the same levels of {TA (Thomas, personal
communication) this may indicate that the tetO-ms/2 lines made by Thomas and
Alphey express higher levels of MSL2. The tetO-msi2 construct made by
Thomas and Alphey (2000) was constructed by cloning the ms/2 open reading
frame from the pNOPU plasmid (Kelley et al., 1997). The pNOPU plasmid
contains point mutation in the 5'UTR of ms/2 and the 3" UTR has been partially
replaced with the SV40 polyA terminator sequence. The tetO-msi2 construct
used in this study was made by isolating the ms/2 coding region from
pPNETms|2. pNETmsI2 lacks all of the ms/2 5 UTR and most of the 3" UTR.
Thus the tetO-msl2 construct used in this study and that of Thomas and Alphey
(2000) have very different 5 and 3° UTR. This could possibly account for

apparent difference in MSL2 expression.

It would have been interesting to compare the tetO-msi2 lines made in this
study with those developed by Thomas and Alphey (2000), but unfortunately
their lines have been lost (Alphey, personal communication).
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CHAPTER 6

GENERAL DISCUSSION AND FUTURE DIRECTIONS
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GENERAL DISCUSSION AND FUTURE DIRECTIONS

The overall goal of this project was to use genetic engineering methods to
develop strains of the Australian sheep blowfly L. cuprina which are ideal for
male-only sterile release programs. To approach to this goal, the development
of a germline transformation system and a regulatable female-killing system
were investigated. This included evaluation of piggyBac and Minos mediated
transpositions either in D. melanogaster or in L. cuprina (chapter 3 and 4),
development of a piggyBac mediated germline transformation system in
Australian sheep blowfly L. cuprina (chapter 4) and regulated expression of
msl2 by using tetracycline controlling the tetracycline dependent tTA in D.

melanogaster (chapter 5).

Microinjection techniques were used throughout this study to make transgenic
D.melanogaster and L. cuprina. As microinjection directly affects the germline
transformation efficiency several key factors lead to the successful use of this
technique: needle, embryo dehydration, covering oil and incubating
environment.

Three different kinds of needles were used for microinjection of flies: self
manually pulled needles, Femtotip | and Femtotip Il (Eppendorf) needles. The
self-pulled needles had a larger opening than the other needles and thus could
release more DNA solution out of the needle. The survival of larvae was very
low with this kind of needle for injection of both Drosophila and Lucilia embryos
because a big hole in the embryo was created and this caused significant
leakage of material. Femtotip | is the finest and sharpest of the three kinds of
needles, but weaker than Femtotip |l. There was good survival by using this
kind of needle to inject Drosophila embryos, but the needle was easily bent with
Lucilia embryos. Femtotip Il tip is longer and stronger than Femtotip | and was
the most suitable of the three kinds of needles used to inject Lucilia embryos. A
disadvantage of this kind of needle is that it is easily blocked by the material

from the embryos. | would recommend that for further injection of Lucilia
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embryos it would be advantageous to use self-pulled needles that are both
sharp enough to penetrate the chorion without causing significant leakage and
strong enough so they do not easily bend and break.

Pre-blastoderm embryos were collected for microinjection in germline
transformation experiments. The embryos were dechorionated for Drosophila
and but were not dechorionated for most of Lucilia embryos. It was easy to
manually dechorionate the Drosophila embryos and there was good survival of
larvae. However, the Lucilia embryos that were dechorionated with bleach were
very tough and were difficult to inject. The manually dechorionated Lucilia
embryos on the other hand were easier to inject but survival was lower than

non-dechorionated embryos.

The quality of the injected DNA, affected the survival and the transformation
efficiency. Low quality DNA contains toxic substances leading to the death of
embryos during development. High concentrations of injected DNA normally
gave a high efficiency of transformation or transposition, but very high DNA
concentrations resulted in poisoning of embryos as well as the formation of a
pellet which resulted in broken needles.

The length of the time to dehydrate the embryos before injection was also
important. It was necessary to find a suitable length of time of dehydration at
the beginning of an injection day. Too short a time of dehydration leads to a lot
of material leaking out of embryos and too a long time of dehydration leads to
embryo death before injection. In general, in fresh silica gel, dehydration times
of 1-2 minutes for dechorionated Drosophila and 8-10 minutes for non-
dechorionated Lucilia embryos were suitable for injection.

Halocarbon 700 oil was used to cover the Drosophila embryos after injection
However with Lucilia embryos, larva survival was very low (about 25%) with this
oil. To increase the survival, paraffin oil was used instead of Halocarbon oil and

resulted in a high survival rate (over 80%) in both Drosophila and Lucilia
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embryo injection. Halocarbon is more viscous than the Paraffin oil and this may
have prevented the larvae from absorbing oxygen from the air and caused low

survival.

For Lucilia the number of viable larvae significantly increased if the developing
embryos were incubated in a sealed oxygen container before larvae hatched.
For Drosophila this also appeared to help the survival of larvae. Larvae
normally hatched 42 hrs after injection for Drosophila or 27 hrs for Lucilia.

Two transgenic lines of L. cuprina were obtained with the PUbnIsEGFP marker
gene and the piggyBac transposase helper controlled by the D. melanogaster
hsp70 promoter. Although no transformants were obtained by using piggyBac
helper controlled by the Drosophila hsp83 or a1-tubulin promoter, this does not
necessarily indicate that these helpers are significantly less effective than the
hsp70.piggyBac helper as the number of fertile G,s obtained was much less
than with the hsp70 helper. In order to find a high efficiency transposase for
germline transformation of L. cuprina, it would be worthwhile in the future to
repeat the experiments using the piggyBac transposable element with
hsp83.piggyBac or « 1-tubulin.piggyBac as a helper or Minos RNA helper. It
may also be worthwhile to isolate the promoter for strongly constitutively
expressed L. cuprina genes to control piggyBac transposase expression.
Further, it may be worthwhile to try other transposable elements that have a
wide host range, such as mariner and Hermes (section 1.4.2.3).

A female killing system for Diptera was developed based on the D.
melanogaster msl2 gene, controlled by the tetracycline dependent
transactivator (tTA). However, only the WH-arm/tetO-msi2 strains showed a
significant decrease in female viability but lethality was not 100%. The problem
might be due to the deletion of 5 and/or 3° UTR of ms/2 in the tetO-msi2
construct in this study (discussed in section 5.3). To increase the efficiency of a
female-killing system in the future, it would be interesting to construct a new
tetO-msi2 in which the ms/2 gene has a 5" and/or 3" UTR sequence without the
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SXL binding sites. Alternatively, it may be advantageous to flank tetO-msi2 with
insulator elements to block any negative chromosomal effects (Bell and
Felsenfeld, 1999). Because overexpression both MSL1 and MSL2 in females
resulted in 100% female-specific lethality (Chang and Kuroda, 1998), it may be
worthwhile to construct a strain carrying both ms/1 and ms/2 genes controlled
by suitable promoters (such as tetO or hsp70 or hsp83). It may also be
worthwhile to develop female-killing systems using different regulators. For
example, a doxycycline-induced transgene expression system (“tetracycline-on”
system). In this system the regulator nTA is a mutant tetR: VP16 fusion protein
which has the reverse property of only binding to the tetO and activating
transcription in the presence of the tetracycline derivatives, doxycycline or
hydrotetracycline. Alternatively, a progesterone antagonist (RU486) regulated
inducible gene expression system could be used to control ms/2 expression
(Wang et al., 1994, 1997). The regulator (GLVP) contains the fusion of a ligand-
binding domain of the mutant of human progesterone receptor (hPRB891) to
the yeast transcriptional activator Gal4 DNA-binding domain and the Herpes
Simplex Virus protein VP16 activation domain (Wang et al., 1994). The target
gene is controlled by four copies of the GAL4 consensus binding sequence
linked to a thymidine kinase (tk) promoter (17*4-tk-reporter gene). The
transcription of the target gene is induced by addition of RU486.



175

CHAPTER 7

REFERENCES



176

Reference:

Aasland, R. and Stewart, A. F. (1995) The chromo shaddow domain, a second
chromo domain in heterochromatin-binding protein 1 HP1. Nucleic Acids Res.
23, 3168-73.

Adams, M.D., Celniker, S. E., Holt, R. A. etal. (2000) The genome sequence of
Drosophila melanogaster. Science 287, 2185-95.

Akhtar, A. and Becker, P. B. (2000) Activation o transcription through histone
H4 acetylation by MOF, an acetyltransferase essential for dosage
compensation in drosophila. Mol. Cell 5, 367-35.

Akimaru, H., Chen, Y., Dai, P., Hou, D-X., Nonaka, M., Smolik, S.M.,
Armstrong, S., Goodman, R. H. and Ishii, S. (1997) Drosophila CBP is a co-
activator of cubitus Interruptus in hedgehog singnalling. Nature, 386, 735-8.

Allen, M.L., O’Brochta, D. A., Atkinson, P. W., et al.(2001) Stable, germ-line
transformation of Culex quinquefasciatus (Dptera : Culicidae). J. Med. Entomol.
38(5): 701-10.

Amrein, H. and Axel, R. (1997) Genes expressed in neurons of adult male
Drosophila. Cell 88, 459-69

Amsterdam, A., Lin, S. and Hopkins, N. (1995) The Aequorea cictoria green
fluorescent protein can be used as a reporter in live zebrafish embryos. Dev
Biol. 171, 123-9.

Ashburner, M., Bonner, J. J. (1979) The induction of gne activity in Drosophila
by heat shock. Cell17: 241-54.



177

Ashburner, M. (1989) Drosophila: A laboratory Handbook. Cold Spring Harbor
Laboratory Press. Cold Spring Harbor, NY.

Ashburner, A. (1995) Medfly transformed-Officiall Science 270: 1941-1942.

Atkinson, B. G., and Walden, D. B. (1985) Changes in eucaryotic gene
expression in resposnse to environmental stress. Academic Press, Inc., New
York.

Atkinson, R. W. and O'Brochta, D. A. (1992) In vivo expression of two highly
conserved Drosophila genes in the Australian sheep blowfly, Lucilia cuprina.
Insect Biochem. Molec. Biol. 22(5), 423-31.

Atkinson, P. W., Warren, W. D. and O'Brocha, D.A. (1993) The hobo
transposable element of Drosophila can be cross-mobilized in houseflies and
excises like the Ac element of maiz. Proc. Natl. Acad. Sci. USA 90, 9693-7.

Atkinson, P. W., Pinkerton, A. C. and O'Brochta, D. A. (2001) Genetic
transformation systems in insects. Annu. Rev. Entomol. 46, 317-46.

Ausubel, F. M., Brent, R., Kingston, R. E., Moore, D. D., Seidman, J. G., Smith,
J. A. and Struhl, K. (2000) Current Protocols in Molecular Biology. John Willey&
Sons, New York, NY.

Baim, S. B., Labow, M. A., Levine, A. J. and Shenk, T. (1991) A chimeric
mammalian transactivator based on the lac repressor that is regulated by
temperature and isopropyl f—D-thiogalactoside. Proc. Natl. Acad. Sci. USA 88,
5072-6.

Baker, B. S. (1994) Dosage compensation in Drosophila. Annu. Rev. Genet. 28,
491-21



178

Baker, R. H., Reisen, W. K., Sakai, R. K., Hayes, F. G., Aslamkhan, M.,
Saifuddin, U. T., Mahmood, F., Perveen, A., Javed, S. (1979) Field assessment
of mating compertitiveness of male culex tritaemiorhynchus carrying a complex
chromosomal aberration. An Entomol Soc. Am 72, 751-8.

Baker, R. H., Reisen, W. K., Sakai, R. K., Tathor, H. R., Rana, K. Azra, K., Niaz,
S. (1980) Anophilis culicifacies: mating behavior and competitiveness in nature

of males carrying a complex chromosomal aversion. An Entomol Soc. Am 73:
581-8.

Baldarelli, R. M. and Lengyel, J. A., (1990) Transient expression of DNA after
ballistic introduction into Drosophila embryos. Nucleic Acids Res. 18, 5903-4.

Bannister, A. J. and Kouzarides, T. (1996) The CBP co-activator is a histone
acetyll transferase. Nature, 384, 641-3.

Bardwell, J. C. A, Craig, E. A. (1987) Eudaryotic Mr 83,000 heat shock protein
has a homologue in E. coli. proc. Natl. Acad. Sci. USA 84: 5177-81.

Baron, U., Freundlieb, S., Gossen, M., et al. (1995) Co-regulation of 2 gene
activities by tetracycline via a bidirectional promoter. Nucleic Acids Res. 23(17):
3605-6.

Bashaw, G. J. and Baker, B. S. (1995) The ms/-2 dosage compensation gene of
Drosophila encodes a putative DNA binding protein whose expression is sex
specifically regulated by Sex-lethal. Development, 121, 3245-58.

Bashaw, G. J. and Backer, B. S. (1996) Dosage compensation and chromatin
structure in Drosophila. Curr. Opin. Genet. Dev., 6, 496-501.

Bashaw, G. J. and Baker, B. S. (1997) The regulation of the Drosophila msi-2
gene reveals a function for Sex lethal in translational control. Cell 89,789-98



179

Baumhover, A. H., Graham, A. J., Bitter, B. A., Hopkins, D. E., New, W. D.,
Dudley, F. H., and Bushland, R. C. (1955) Screw-worm control through release
of sterilized flies. Jour. Econ. Ent. 48 (4), 462-6.

Bauser, C. A,, Elick, T. A. and Fraser, M. J. (1999) Proteins from nuclear
extracts of two lepidopteran cell lines recognize the ends of TTAA-specific

transposons piggyBac and tagalong. Insect Mol. Biol. 8, 223-30.

Beames, B. and Summers, M. D. (1990) Sequence comparison of cellular and
viral copies of host cell DNA insertions foun in Autogrpha Californica nuclear
polyhedrosis virus. Virology 174, 354-63.

Beard, C. B., O'Neill, S. L., Mason, P., Mandico, L., Woese, C. R., Tesh, R. B.,
Richards, F. F. and Ashoy S. (1993) Genetic transformation and phylogeny of
bacterial symbionts from tsetse. /nsect Molec. Biol. 1, 123-131.

Beck, T., Moir, B. and Meppem, T. (1985) The cost of pararsites to the
Australian sheep industry. Quarterly review of rural economics 7, 336-43.

Bell, K., Maine, E. M., Schedl, P. and Cline, T. W. (1988) Sex lethal, a
Drosophila sex determination switch gene, exhibits sex-specific RNA splicing
and sequence similarity to RNA binding proteins. Cell 55, 1037-46.

Bell, L. R., Horabin, J. I., Scheldl, P. and Cline, T. W. (1991) Positive
autoregulation of Sex-lethal by alternative splicing maintains the female
determined state in Drosophila. Cell 65, 229-39.

Bell, A. C. and Felsenfeld, G. (1999) Stopped at the border: boundaries and
insulators. Curr. Opin. Genet. Dev. 9, 191-8.



180

Bellen, H. J., O'Kane, C. J., Willson, C., Grossniklaus, U., Pearson, R. K. and
Gehring, W. J. (1989) P-element-mediated enhancer detection: a veratile
method to study development in Drosophila. Genes Dev. 3, 1288-300.

Bello, B. Diana, R.-P. and Walter, J. Gehring (1998) Spatial and temporal
targeting of gene espression on Drosophila by means of a tetracycline-
depenent transactivator system. Development Bello, Development 125: 2193-
202.

Bellon, S. F., Rodgers, K. K., Schatz, D. F., Coleman, J. E. and Steitz, T. A.
(1997) Crystal structure of the RAG1 dimerization domain reveals multiple zinc-
binding motifs including a novel zinc binuclear cluster. Nature Struct. Biol., 4,
586-92.

Belote, J. M. and Lucchesi, J. C. (1980) Male-specific lethal mutations of
Drosophila melanogaster. Genetics 96, 165-186

Belote, J. M. and Lucchesi, J. C. (1980) Control of X chromosome transcription
by the maleless gene in Drosophila. Nature 285, 573-5

Berghammer, A. J., Klingler, M. and Wimmer, E. A. (1999) A universal marker
for transgenic insects. Nature 402, 370-1.

Bernstein, M., Cline, T. W. (1994) Diferential effects of Sex-lethal mutations on
dosage compensation early in Drosophila development. Genetics 136: 1051-
61.

Bertram, M. J., Berube, N. G., Hang-Swanson, X. et al. (15 co-authors) (1999)
Identification of a gene that reverses the immortal phenotype of a subset of
cells and is a member of a novel family of transcription factor-like genes. Mol.
Cell. Biol. 19, 1479-85.



181

Bhadra, U. (1999) Role of the male specific lethal (ms/) genes in modifying the
effects of sex chromosomal dosage in Drosophila. Genetics 152, 249-68

Bienz, M. and Pelham, H. R. (1986) Heat shock regulatory elements function as
an inducilble enhancer in the Xenopus hsp70 gene and when linked to a
heterologous promoter. Cell 45, 753-60.

Bienz, M. and Pelham, H. R. B. (1987) Mechanisms of heat shock gene
activation in higher eukaryotes. Adv. Genet. 24, 31-72.

Bier, E. (1989) Searching for pattern and mutation in the Drosophila genome
with a P-llacZ vector. Genes Dev. 3, 1273-87.

Bieschke, E. T., Wheeler, J. C. and Tower, J. (1998) Doxycycline-induced
transgene expression during Drosophila development and aging. Mol. Gen.
Genet. 258, 571-9.

Bishop, D. M. (1993) Early records (1984-1987) of the Australian green blowfly
(Lucilia cuprina) in New Zealand. New Zealand Entomologist, 16, 22-24.

Blackman R. K., Meselson, M. (1986) Interspecific nucleotide comparisons
used to identify regulatory and structural features of Drosophila hsp82 gene. J.
Mol. Biol. 188, 400-515.

Blackman, R. K., Macy, M., Koehler, D., Grimaila, R. and Gelbar, W. M. (1989)
Identification of a fully-functional hobo transposable element and its use for
germ-line transformation of Drosophila. EMBO J. 8, 211-27.

Bone, J. R. (1994) Acetylated histone H4 on the male X chromosome is

associated with dosage compensation in drosophila. Genes Dev. 8, 96-104



182

Brand, A. H. and Perrimon, N. (1993) Targeted gene expression as a mean of
altering cell fates and generation dominant phenotypes. Development. 118,
401-15.

Brennan, M. D., Rowan, R. G. and Dickinaon, W. J. (1984) Introduction of a
functional P element into the germ-line of Drosophila havaiiensis. Cell 38, 147-
151.

Brezinsky, L., Wang, G. V., Humphreys, T. and Hunt, J. (1990) The tranposable
element Uhu from Hawaiian Drosophila-member of the widely dispersed class
of Tcklike transposons. Nucleic Acids Res. 18, 2053-9.

Brownell, J. E. and Allis, C. D. (1996) Special HATs for special occasions:
linking histone acetylation to chromatin assembly and gene activation. Curr.
Opin. Genet. Dev., 6, 176-84.

Bryan, G. Garza, D. and Hartl, D. (1990) Insertion and excision of the
transposable element marinerin Drosophila. Genetics. 125, 103-14.

Burdett, V. (1991) Purification and characterization of tet (M), a protin that
renders ribosomes resistant to tetracycline. Journal of Biological Chemistry
266(5): 2872-7.

Bushland, R. C. (1971) Sterility Orinciple for Insect Control or Eradication:
Historical development and recent innovations. |.A.E.A. STI. Pub. 265, Vienna,
542

Caizzi, R., Caggese, C. and Pmpinelli (1993) Bari-1, a new transposon-llike
family in Drosophila melanogaster with unique heterochromosomatic
organization. Genetics 133, 335-45



183

Calleja, M., Moreno, E., Pelaz, S. and Morata, G. (1996) Visualization of gene
expression in living adult Drosophila. Science 274, 252-5.

Calvi, B. R. and Gelbart, W. M. (1994) The basis for germlline specificity of the
hobo trasposable element mariner are fixed in the genome of Drosophilla
melanogaster. EMBO J. 13, 1636-44.

Capy, P., Maruyama, K., David, J. R. and Hartl, D. L. (1991) Insertion sites of
the transposable element mariner are fixed in the genome of Drosophila
sechellia. J. Mol. Evol. 33, 450-6.

Cary, L. C., Goebel, M., Corsaro, B. G., Wang, H. G., Rosen, E. and Fraser, M.
J. (1989) Transposon mutagenesis of baculoviruses: analysis of Trichopllusia ni
transposon IFP2 insertions within the FP-locus of nuclear polyedrosis viruses.
Virology 172, 156-69.

Catteruccia, F., Nolan, T., Loukeris, T. G., Blass, C., Muller, H-M and Crisanti,
A. (2000) Toward Anopheles transformation: Minos element activity in
anopheline cells and embryos. Proc. Natl. Acad. Sci. USA 97, 2157-62.

Catteruccia, F., Nolan, T., Loukeris, T. G., Blass, C., Savakis, C. Kafatos, F. C.
and Crisanti, A. (2000) Stable germline transformation of the malaria mosquito
Anopheles stephensi. Nature 405, 959-62.

Chalfie, M., Tu. Y., Euskirchen, G., Ward, E. W. and Prasher, D. C. (1994)

Green fluorescent protein as a marker for gene expression. Science 263: 802-5.

Chang, K. A. and Kuroda, M. |. (1998) Moduation of MSL1 abundance in female
Drosophila contributes to sex specificity of dosage compensation. Genetics
150, 699-709



184

Chi, T., Lieberman, P., Ellwood, K. and Carey, M. (1995) A general mechanism
for transcriptional synergy by eucaryotic activators. Nature 377, 254-7.

Chuang. P-T. (1994) DPY-27: a chromosome compensation protein homolog
that regulates C. elegans dosage compensation through association with the X
chromosome Cell 79, 459-74

Cladera, J. L. (1995) Self sexing strain of C. Capitata based on a gene that
affects the rate of development. Ann. Entomol. Soc. Am. 88, 353-6.

Cline, T. W. and Meyer, B. J. (1984) Autoregulatory functioning of a Drosophila
gene product that establishes and maintains the sexually determined state.
Genetics 107, 231-77.

Cline, T. W. and Meyer, B. J. (1993) The Drosophila sex determination signal:
how do flies count to two? Trends Genet. 9, 385-90.

Cline, T. W. and Meyer, B. J. (1996) Vivela difference: males vs. females in flies
vs. worms. Annu. Rev. Genet. 30, 637-702

Coates, C. J, Truney, C. L., Fromer, M., O'Brochta, D. A., Warren, W. D. and
Atkinson, P. W. (1995) Mariner can excise in non-drosophilid insects. Molec.
Gen. Genet. 246-52.

Coates, C. J., Johnson, K. N., Perkins, H. D., Howells, A. J., O'Brochta, D. A.
and Atkinson, P. W. (1996) The herrmit tranposable element of the Australian
sheep blowfly, Lucilia cuprina, belongs to the hAT familly of transposable
elements. Genetica 97, 23-31.

Coates, C. J., Turneyc., L., Frommer, M., O'Brochta, D. A. and Atkinson, P. W.
(1997) Interplasmid transposition of the mariner transposable element in non-
drosophilid insects. Molec. Gen. Genet. 253, 728-33.



185

Coates, C. J., Jasinskiene, N., Miyashiro, L. and James, A. (1998) Mariner
transposition and transformation of the yellow fever mosquito, Aedes aegypti.
Proc. Natll. Acad. Sci. USA. 95, 3748-51.

Coates, C. J., Jasinskiene, N., Pott, G. B. and James, A. A. (1999) Promoter-
directed expression of recombinant fire-fly luciferase in the salivary glands of
Hermes-transformed Aedes aegypti. Gene 21, 317-25.

Coates, C. J., Jasinskiene, N., Morgan, D., Tosi, LL. R. and Beverley, S. M.
(2000) Purified transposase catalyzes mariner integration into the germlline of
the yellow fever mosquito, Aedes aegypti. Insect Biochem. Molec. Biol.30(11):
1003-8.

Collins, F. H. (1994) Prospects for malaria control through the genetic
manipulation of its vectors. Paraitol. Today 10, 370-1.

Copps, K. (1993) Regulation of the sex-specific binding of the maleless dosage
compensation protein to the male X chromosome in Drosophila. Cell 72, 39-49

Copps, K., Richman, R., Lyman, L. M., Chang, K. A., Rampersad-Ammons, j.
and kuroda, M. I. (1998) Complex formation by the Drosophila MSL proteins:
role of the MSL2 RING finger in protein complex assembly. EMBO J., 17, 5409-
17.

Corces, V., Holmgren, R., Freund, R., Morimoto, R. and Meselson, M. (1980) 4
Heat-shock proteins of Drosophila Chromatin occur at the 5' ends of transcribed
regions. P Natl Acad Sci-Biol 77(9): 5390-3.

Cormack, B. P., Valdivia, R. H. and Falkow, S. (1996) FACS-optimized mutants
of the green fluorescent protein (GFP). Gene. 173, 33-8.



186

Cornel, A. J., Benedict, M.Q., Rafferty, C. S, Howells, A. J. and Collins, F. H.
(1997) Transient expression of the Drosophila melanogaster cinnabar gene
rescues eye color in the white eye (WE) strain of Aedes aegypti. /nsect
Biochem Mol Biol. 27, 993-7.

Costanzi, C. and Pehrson, J. R. (1998) Histone macroH2A1 is concentrated in
the inactive X chromosome in female mammals. Nature 393, 599-601

Craigie, R. and Mizuuchi, K. (1985) Mechanism of transposition of

bacteriophage Mu: structure of a transposition intermediate. Cell 41, 867-76.

Crameri, A., Whitehorn, E. A., Tate, E., and Stemmer, W. P. C. (1996)
Improved Green Fluorescent Protein by Molecullar Evolution Using DNA
Shuffling. Nature Biotechnology 14 (3), 315-9.

Curtis, C. F., Akiyama, J., Davidson, G. (1976) A genetic sexing system in
Anopheles gambiae species A. Mosq. News 36, 492-8.

Cunningham, R. T., Routhier, W., Garris, E. J., Cunningham, G., Tanaka,
Johnston, L., Edwards, W. and Rosander, R. (1980) Aease study: eradication of
Medfly by sterile-male release. Citrograph 65(3), 63-9.

Curtis, D. F. (1994) The case for marlaia control by genetic manipulation of its

vectors. Parasitol. Today 10, 171-4.

Daniels, S. B., Chovnick, A. and Boussy, I. A. (1990) Distribution of hobo
transposable elements in the genus Drosophila. Mol. Bioll. Evol. 7, 589-606.

Dauvis, I., Girdham, C. H. and O'Farrell, P. H. (1995) A nuclaear GFP that marks
nuclei in liveing Drosophila embryos; maternal supply overcomes a delay in the

appearance of zygotic fluorescence. Developmental Biology 170, 726-9.



187

De murtas, |. D., Cirio, R., Rerrieri, G. and Enkerlin, S. D. (1970) An experiment
to control the Mediterranean fruitfly on the island of Procida by the Sterile-
Insect-Technique. I.A.E.A. STI. PUB./276, Venna,175.

Thomas, D. D., Donnelly, C. A., Wood, R. J. and Alphey, L. S. (2000) Insect
population control using a dominant, repressib, lethal genetic system. Science
287, 2474-6.

Delort, J. P., Capecchi, M. R.: TAX/UAS (1996) A molecular switch to control
expression of genes in vivo. Hum.. Gene Ther. 7, 809-20.

Driever, W., Thom, G. and Nusslein-Volhard, C. (1989) Determination of spatial
domains of zygotic gene expression in the Drosophila embryo by the affinity of
binding sites for the bicoid Morphogen. Nature 340, 363-7.

Efrat, S., Fusco-DeMane. D., Lemberg, H., Al Emran, O., and Wang, X. (1995)
Proc. Natl. Acad. Sci. USA 92, 3576-80.

Elick, T. A., Bauser, C. A., Principe, N. M. and Fraser, M. J. (1995) PCR
analysis of insertion site specificity, transcription, and structural uniformity of the
Lepidopteran transposable element IFP2 in the TN-368 genome. Genetica. 97,
127-39.

Elick, T. A., Bauser, C. A. and Fraser, M. J. (1996) Excision of the piggyBac
transposable element in vitro is a precise event that is enhanced by the

expression of its encoded transposase. Genetica 98, 33-41.

Elick, T. A., Lobo, N. and Fraser, M. J., Jr. (1997) Analysis of the cis-acting
DNA elements required for piggyBac transposable element excision. Mol Gen
Genet. 255, 605-10.



188

Elizur, A., Vacek, A. T. and Howells, A. J. (1990) Cloning and characterization
of the white and topaz eye color genes from the sheep blowfly Lucilia cuprina. J
Mol evol. 30, 347-58.

Ellis, M. C., O'Neil, E. M. (1993) Expression of Drosophila glass protein and
evidence for negative regulation of its activity in non-neuronal cells by another
DNA-binding protein. Development 119, 855-65.

Emmons, S. W,, Yesner, L., Ruan, K. S. and Katzenberg, D. (1983) Evidence
for a transposon in Caenorhabditis elegans. Cell 32, 55-65.

Engels, W. R. (1989) P elements in Drosophila melanogaster. In mobile DNA.
American Society for Microbiology. 439-84.

Eckert, B., and Beck, C. F. (1989) Topology of the transposon Tn70-encoded
tetracycline resistance protein within the inner membrane of Escherichia coli. J.
Biol. Chem. 11663-70.

Eckert, B., and Beck, C. F. (1989) Overproduction of transposon Tn10-coded
tetracycline resistance protein results in cell death and loss of membrane
potential. J. Bacteriol 171. 3557-9.

Fadool, J. M., Hartl, D. and Dowling, J. E. (1998) Transposition of the mariner
element from Drosophila mauritiana in zebrafish. Proc. Natl. Acad. Sci. USA 95,
5182-6.

Farrelly, G. W., Finkelstein, D. B. (1984) Complete sequence of the heat shock
inducible HSP90 gene of Saccharomyces cerevisiae. J. Biol. Chem. 9, 5745-51.

Finnegan, D. J. (1989) Eukaryotic transposable elements and genome
evolution. Trends Genet. 5, 103-7.



189

Fisher, J. A., Giniger, E., Maniatis, T. and Ptashne, M. (1988) GAL4 activates
transcription in Drosophila. Nature 332, 853-65.

Foster, G. G., Whitten, M. J., Vogt, W. G., Woodburn, T. L., Arnold, J. T. (1978)
Larval release method for genetic control of the Australian sheep blowfly Lucilia
cuprina (Wiedemann) (Diptera:Calliphoridae). Bull Entomol Res 68, 75-83.

Foster, G. G., Whitten, M. J., Vogt, W. G., Woodburn, T. L. (1985) Genetic
analysis of field trials of sex-linked translocation strains for genetic control of the
Australian sheep blowfly Lucilia cuprina (Wiedemann). Aust. J. Biol. Sci. 38,
275-93.

Foster, G. G., Whitten, M. J., Vogt, W. G., Woodburn, T. L. and Smith, P. H.
(1988) Computer simulation of genetic control. Comparison of sterile males and
field-female kiling systems. Theor Appl. Genet. 76, 870-9.

Foster, G. G. (1991) Chromosomal inversions and genetic control revisited: the
use of inversions in sexing systems for higher Dipera. Theor Appl Genet. 81,
619-23.

Franke, A., Dernburg, A. Bashaw, G. J. and Baker, B. S. (1996) Evidence that
MSL-mediated dosage compensation in Drosophila begins at blastoderm.
Development 122, 2751-60.

Franke, A. and Baker, B. S. (1999) The roX1 and roX2 RNAs are essential
components of the compensasome, which mediates dosage compensation in
Drosophila. Mol. Cell 4, 117-22

Franz, G. and Savakis, C. (1991) Minos A new transposable element from
Drosophila hydei, is a member of the Tcklike family of transposons. Nucleic
Acid Res. 19, 6646.



190

Franz, G., Genscheva, E., Kerremans, P. H. (1994) Improve stability of genetic
sex-separation strains for the Mediterranean fruit fly, Ceratitis capitata. Genome
37, 72-82.

Franz, G., Loukeris, T. G., Diallektaki, G., Thompson, C. R. L. and Savakis, C.
(1994) Mobile Minos elements from Drosophila hydei endode a two-exon
transposase with similarity to the paired DNA-binding domain. Proc. Natl. Acad.
Sci. USA, 37, 72-82.

Fraser, M. J., Smith, G. E. and Summers, M. D. (1983) The acquisition of host
celll DNA sequences by baculoviruses: Relation between host DNA insertions
and FP mutants of Autographa californica and Galleria mellonella NPVs. J.
Virology 47, 287-300.

Fraser, M. J., Brusca, J. S., Smith, G. E. and Summers, M. D. (1985)
Transposon-mediated mutagenesis of baculoviruses. Virology 145, 356-61.

Fraser, M. J., Cary, L., Boonvisudhi, K. and Wang, H.-G. H. (1995) Assay for
movement of lepidopteran transposon IFP2 in insect cells using a baculvirus
genome as a target DNA. Virology 211, 397-407.

Freemont, P. S. (1993) The RING finger. A novel protein sequence motif related
to the zinc finger. Ann. NY Acad. Sci., 684, 174-92.

Freundlieb, S. Baron, U. Bonin, A. L. Gossen, M. and Bujard, H. (1997) Use of
tetracycline-conrrolled gene expression systems to study mammalian cell cycle.
Methods Enzymol 283, 159-73.

Fruh, K., Gossen, M., Wang, K., Bufard, H., Peterson, P. A. and Yang, Y.
(1994) EMBO J. 13, 3236-44.



191

Fruh, K., Ahn, K., Djabalah, H., Sempe, P., Van Endert, P. M., Tampe, R.,
Peterson, P. A. and Yang, Y. (1995) Nature (London) A viral inhibitor of peptide
transporters for antigen presentation. 375, 415-18.

Fukunaga, A. (1975) Maleless, a recessive autosomal mutant of Drosophila
melanogaster that specifically kills male zygotes. Genetics 81, 135-41

Furth, P. A., St. Onge, L., Goger, H., Gruss, P., Gossen, M. C., Kistner, A,
Bujard, H. and Hennighauaen, L. (1994) Proc. Natl. Acad. Sci. USA 91, 9302-6.

Gatz, C. Kaiser, A. and Wendenburg, R. (1991) Regulation of a modified CaMV
35S promoter by the Tn70-encoded Tet repressor in transgenic tobacco. Mol.
Gen. Genet 227, 229-37.

Gay, P., Le Coq, D., Steinmetz, M., Berkelman, T. and Kado, C. I. (1985)
Positive selection procedure for entrapment of insertion sequence elements in
gram-negative bacteria. J.Bacteriol. 164, 918-21.

Gebauer, F., Corona, D. F. V., Preiss, T., Becker, P. B. and Hentze, M. W.
(1999) Translational control of dosage compensation in Drosophila by Sex-

lethal: cooperative silencing via the 5 and 3 UTRs of ms/-2 mRNA is
independent of the poly(A) tail. EMBO 18(21), 6146-54.

Gerdes, H.-H. and Kaether, C. (1996) Green fluorescent protein: applications in
cell biology. FEBS Lett., 389, 44.

Gergen, J. P., and Wieschaus, E. F. (1986) Localized requirements for gene
activity in the segmentation of armadillo, fused, giant and unpaired mutations in
mosaic embryos. Wilhelm Roux’ Arch.Dev. Biol. 195, 49-62.



192

Gergen, J. P. (1987) Dosage compensation in Drosophila: evidence that
daughterless and Sex-lethal control X chromosome activity at the blastoderm
stage of embryogenesis. Genetics 117, 477-85.

Gibson, T. J., Thompson, J. D. (1994) Detection of dsRNA-binging domains in
RNA helicase A and Drosophila Maleless: implications for monomeric RNA
helicases. Nucleic Acids Res. 22, 2552-56.

Gibson, G. and Gehring, W. J. (1988) Head and thoracic transformations
caused by ectopic expression of Antennapedia during Drosophila development.
Development 102, 657-75.

Gleeson, D. M. (1995) The effects on genetic variability following a recent
colonisation event: the Australian sheep blowfly, Lucilia cuprina arrives in New
Zealand. Molecular Ecology 4, 699-707.

Gilmore, P. (1989) in Fruit Flies: Their Biology, Natural Enemies and Control
eds. Robinson,A.S. & Hooper,G. (Elsevier, Amsterdam). 3B, 353-63.

Gorman, M. (1995) Molelcular characterization of the male-specific lethal-3
gene and investigation of the regulation of dosage compensation in Drosophila.
Development 121, 463-75.

Gossen, M. and Bujard, H. (1992) Tight control of gene expression in
mammallian cells by tetracycline-responsive promoters. Proc. Natl. Acad. Sci.
USA 89, 5547-51.

Gossen, M., Freundlied, S., Bender, G., Muller, G., Hilllen, W. and Bujard, H.
(1995) Transcriptional activation by tetracyclines in mammalian cells. Science
268, 1776-9.



193

Grunstein, M. (1997) Histone acetylation in chromatin structure and
transcription. Nature 389, 349-52

Gu, W. (1998) Targeting of MOF, a putative histone acetyl transferase, to the X
chromosome of Drosophilla melanogaster. Dev. Genet. 22, 56-64.

Gu, W., Wei, X. and Lucchesi, J. C. (2000) Targeting the chromatin-remodeling
MSL complex of Drosophila to its sites of action of the X chromosome requires
both acetyl transferase and ATPase activities. EMBO Journal, 19(19), 5202.

Guriros-Filho, F. J. and Beverley, S. M. (1997) Trans-kingdom transposition of
the Drosophila element mariner within the protozoan Leishmania. Science 276,
1716-9.

Hanahan, D. (1983) Studies on transformation of Escherischia cofi with
plasmids. J. Mol. Biol. 166, 557-60.

Handler, A. M. and Gomez, S. P. (1995) The hobo transposable element has
transposase-dependent and -independent excision activity in drosophilid
specises. Mo. Gen. Genet. 247, 399-408.

Handler, A. M. Callaerts, P. and Gehring, W. J. (1995) Induction of ectopic eyes
by targeted expression of the eyeless gene in Drosophila. Science 267, 1788-
92.

Handler, A. M., McCombs, S. D., Fraser, M. J. and Saul, S. H. (1998) The
lepidopteran transposon vector, piggyBac, mediates germ-line transformation in
the Miditerranean fruit fly. Proc. Natl. Acad. Sci. UsA 95, 7520-5.

Handler, A. M. and Harrell, R. A., 2nd (1999) Germline transformation of
Drosophila melanogaster with the piggyBac transposon vector. Insect Mol Biol.
8, 449-57.



194

Handler, A. M. and McCombs, S. D. (2000) The piggyBac transposon mediates
germ-line transformation in the Oriental fruit fly and colsely related elements
exist in its genome. Insect Mol. Biol. 9, 605-12.

Handler, A. M. and James, S. A. A.(2001) Insect transgenesis. Methods and
Applications. Boca Raton, FL: CRC Press. 376 .

Haymer, D. S. and Marsh, J. L. (1986) Germ line and somatic instability of a
white mutation in Drosophila mauritiana due to a transposable genetic element.
Dev.Genet. 6, 281-91.

Hazelrigg, T., Levis, R. and Rubin, G. M. (1984) Transformation of white locus
DNA in Drosophila: dosage compensation, zeste interaction and position
effects. Cell 36, 469-81.

Heath, A. C. G. (1990) The control and current status of major ectoparasites of
livestock in N.Z. principles and technicalities. Preceedings of the 20th Seminar
of Sheep and Beef Cattle Society of the New Zealand Veterinary Association.
6, 25-27

Heath, A. C. G., Bishop, D. M., Cole, D. J. W., Dymock, J. J. (1991) Exotic
blowflies in New Zealand. New Zealand Journal of Zoology. 18, 85.

Heath, A. C. G. and Bishop, D. M. (1995) Flystrike in New Zealand.
Surveillance 22, 11-3.

Hehl, R. (1994) Transposon tagging in heterologus host plants. Trands Genet.
10, 385-6.

Heim, R., Cubitt, A. B. and Tsien, R.Y. (1995) Improved green fluorescence.
Nature 373, 663-4.



195

Heinrich, J. C. and Scott, M. J. (2000) A repressible female-specific lethal
genetic system for making transgenic insect strains suitable for a sterile-release
program. Proc. Natl. Acad. Sci. USA 97, 8229-32.

Heinrich, J. C., Li, X., Henry, R. A., Haack, N., Stringfellow, L., Heath, A. and
Scott, M. J. (2002) Germ-line transformation of the Australian sheep blowfly

Lucilia cuprina. Insect Mol. Biol. 11(1), 1-9.

Hendrichs, J., Franz, G. and Rendon, P. (1995) Increased effectiveness and
applicability of the sterile insect technique through male-releases for controll of
Mediterranean fruit flies during fruiting seasons. J. Appl. Entomol. 199, 371-7.

Hennighausen, L. Walll, R. J., Tillmann, U., Li, M. and Furth, P. A. (1995)
Conditional gene expression in secretory tissues and skin of transgenic mice
using the MMTV-LTR and the tetracycline responsive system J. Cell. Biochem.
59, 463-72.

Henry, A., Tews, B., Li, X. And Scott, M. J. (2001) Recruitment of the male-
specific lethal (MSL) dosage compensation complex to an autosomally
integrated roX chromatin entry site correlates with an increased expression of
an adjacent reporter gene in male Dorosophila. The Journal of Biological
Chemistry 276 (34): 31953-8.

Hilfiker, A. Hillfiker-Kleiner, D., Pannuti, A. Lucchesi, J. C. (1997) mof, a
putative acetyl transferase gene related to the Tip60 and MOZ human genes
and to the SAS genes of yeast, is required for dosage compensation in
Drosophila. EMBO J. 16, 2054-60

Hillen, W. And Wissmann, A. (1989) in Protein-Nucleic Acid Interaction, Topics
in molecular and structural biology, des. Saenger, W. And Heinemann, U.
(Macmillan, London), 10, 143-162.



196

Hirt (1967) Selective extraction of polyoma DNA from infected mouse cell
cultures. J. Mol. Biol. 26, 365-9.

Hinrichs, W., Kisker, C., Kuvel, M., Muller, A., Tovar, K., Hillen, W. and
Saenger, W. (1994) Structure of the tet repressor-tetracycline complex and
regulation of antibiotic resistance. Science 264, 418-20.

Hoch, M., Schroder, C., Seifert, E. and Jackle, H. (1990) Cis-acting control
elements for Krupple expression in the Drosophila embryo. EMBO J. 9, 2587-
95.

Holmgren, R., Livak, K., Morimoto, R., Freund, R. and Meselson, M. (1979)
Studies of cloned sequences from four Drosophilaheat shock loci. Cell 18,
1359-70.

Hoolowway, B. A. (1991) Morphological characters to identify adult Lucilia
sericata (Meigen,1826) and L. Cuprina (Wiedemann,1893) (Diptera:
Calliphoridae). New Zealand Journal of Zoology. 18, 415-20.

Huynh, C. Q. and Zieler, H. (1999) Construction of modular and versatile
plasmid vectors for the high-level expression of single or multiple genes in
insects and insect cell lines. J. Mol. Biol. 288, 13-20.

Ignacio Marin, Axel Franke, Grig, J. Bashaw and Bruce, S. Baker (1996) The
dosage compensation system of Drosophila is co-opted by newly evolved X
chromosomes. Nature. 38(12), 160-3.

Ikawa, M., Yamada, S., Nakanishi, T. and Okabe, M. (1999) Green fluorescent
protein (GFP) as a vital marker in mammals. Curr. Top Dev. Biol. 44, 1-20.



197

Inoue, K., Goshijima, K., Sakamoto, H. and Shimura, (1990) Binding of the
Drosophila Sex-lethal gene product to the aternative splice site of transformer
primary trascript. Nature 344, 461-3.

Iwahashi, O., Ito, and Shiyomi, M. (1983) A field evaluation of the sexual
competitiveness of sterile melon flies Dacus (Zeugodacus) cucmbitac. Ecol.
Entomol. 8, 43-8.

Jacobson, J. W. and Hartl, D. L. (1985) Coupled instabillity of two X-linked
genes in Drosophila mauritiana: Germinal and somatic mutability. Genetics 11,
57-65.

Jaenisch,R. (1988) Transgenic animals Science 240, 1468-74.

Jasinskiene, N., Coates, C. J., Benedict, M. Q. and Cornel, A. J. (1998) Stable
transformation of the yellow fever mosquito, Aedes aegypti, with the Hermes
element from the housefly. Proc. Natl. Acad. Sci. USA.. 95, 3743-7.

Jasinskiene, N., Coates, C. J. and James, A. A. (2000) Structure of Hermes
integrations in the germline of the yellow fever mosquito, Aedes aegypti. Insect
Mol. Biol. 9, 11-18.

Jin, Y., Wang, W., Walker, D. L., Dong, H., Conley, C., Johansen, J. and
Johansen, K. M. (1999) JIL-1: a novel chromosomal tandem kinase impicated in
transcriptional regulation in Drosophila. Mol. Cell 4, 129-35.

Jin, Y., Wang, Y. M., Johansen, J. and Johansen, K. M. (2000) JIL-1, a
chromosomal kinase implicated in regulation of chromatin structure, associates
with the male specific lethal (MSL) dosage compensation complex. Journal of
Cell Biol. 149(5), 1005-10.



198

Kaiser, P. E., Seawright, J. A.,, Dame, D. A. and Joslyn, D. J. (1978)
Development of a genetic sexing system for Anopheles albimanus. J. Econ
Entomo. 71, 766-71.

Kalfayan, L. and Wensink, P. C. (1982) Developmental regulation of Drosophila
a-tubulin genes. Cell 29, 91-98.

Kageyama, Y, Mengus, G., Gilfilan, G, Kennedy, H. G., Stuckenholz, C.,
Kelley, R. L., Becker, P. B. and Kuroda, M. |. (2001) Association and spreading
of the Drosophila dosage compensation complex from a discrete roX1
chromatin entry site. EMBO. 20(20), 2236-45.

Kakinohana, H., Kuba, H., Kohama, T., Kinjo, K., Taniguchi, M., Nakamori, H.,
Tanahara, A. and Sokei, Y. (1997) Eradication of the melon fly, Bactrocera
cucurbitae Coquillett, by mass release of sterile flies in Okinawa prefecture,
Japan. Jarg-Japan agricultural Research Quarterly 31(2), 91-100.

Kelley, R. L., Solovyeva, I, Lyman, M., Richman, R., Solovyev, V. and Kuroda,
M. I. (1995) Expression of Msl-2 causes assembly of dosage compensation
regulators on the X chromosomes and female lethality in Drosophila. Cell 81,
867-77

Kelley, R. L. and Kuroda, M. I. (1995) Equality for X chromosomes. Science
270. 1607-10

Kelley, R. L., Wang, J., Bell, L. and Kuroda, M. I. (1997) Sex lethal controls
dosage compensation in Drosophila by a non splicing mechanism Nature 387,
195-99.

Kelley, R. L., Meller, V. H., Gordadze, P. R., Roman, G., Dacis, R. L. and
Kuroda, M. I. (1999) Epigenetic spresading of the Drosophila dosage



199

compensation complex from roX RNA genes into flanking chromatin. Cell 98,
513-22.

Kelley, R. L and Kuroda M. I. (2000) Epigenetic spreading of the Drosophila
dosage compensation complex from roX RNA genes into flanking chromatin.
Cell 103 (1): 9-12.

Kleff, S. Andrulis, E. D., Anderson, C.W. and Sternglanz, R. (1995)
Identification of a gene encoding a yeast histone H4 acetyltransferase. J. Biol.
Chem. 270, 24674-7.

Keohane, A. M. et al. (1998) Histone acetylation and X inactivation. Dev. Genet.
22, 65-73

Kerremans, P. and Franz, G. (1995) Isolation and cytogenetic analyses of
genetic sexing strains for the medfly, Ceratitis capitata. Theor. Appl. Genet. 91,
255-61.

Kidwell, M. (1977) Hybrid dysgenesis in Drosophila melanogaster. Asyndrome
of aberrant traits including mutation, sterility and male recombination. Genetics
86, 813-33.

Kim, A., Terzian, C., Santamaria, P., Pellisson, Al., Prud'homme, N. and
Bucheton, A. (1994) Retroviruses in invertebrates: the Gypsy retrotransposon is
apparently in infectious retrovirus of Drosophila melanogaster, Proc. Natl. Acad.
Sci. USA. 91, 1281-9.

Klassen, W., Lindquist, D. A. and Buyckx, E. J. (1994) Overview of the joint
FAO/IAEA division's involvement in fruit fly sterile insect technique programs. 3-
26. In Calkins, C. O., Klassen,W. and pl Liedo [eds.], Fruit flies and the sterile
insect technique. CRC, Boca Raton, FL.



200

Klinakis, A. G., Loukeris, T. G., Pavlopoulos, A. and Savakis, C. (2000) Mobility
assays confirm the broad host-range activity of the Minos transposable element

and validate new transformation tools. /nsect Mol Biol. 9, 269-75.

Knipling, E. F. (1955) Possibilities of insect control or eradication through the

use of sexually sterile males. Journal of Economic Entomology 48(4), 459-62.

Knipling, E. F. (1960) The eradication of the screw-worm fly.Sci. Am. 203, 54-
61.

Knipling, E. E. (1979) Basic principles of insect suppression and management .
U.S Dep. Agric.Handb. 512.

Kokoza, V., Ahmed, A., Cho, W-L, Jasinskiene, N. and James, A. A. (2000)
Engineering blood meal-activated systemic immunity in the yellow fever
mosquito, Aedes aegypti. Proc. Natl. Acad. Sci. USA 97, 144-49.

Koonin, E. V., Zhou, S. and Lucchesi, J. C. (1995) The chromo superfamily:
new members, dupplication of the chromo domain and possible role in
delivering transcription regulators to chromatin. Nucleic Acids Res. 23, 4229-33.

Krafsur, E. S. (1998) Sterile insect technique for suppressing and eradication
insect population: 55 years and counting. Journal of Agricultural Entomology 15,
303-17.

Kuroda, M. I., Kernan, M. J., Kreber, R., Ganetzky, B. and Baker, B. S. (1991)
The maleless protein associates with the X chromosome to regulate dosage
compensation in Drosophila. Cell 66, 935-47.



201

Lampe, D. J., Churchill, M. E. A. and Robertson, H. M. (1996) A purified mariner
transposase is sufficient to mediate transposition in vitro. EMBO J. 15, 5470-79.

Lampe, D.J., Grant, T.E. and Robertson, H.M. (1998) Factors affecting
transposition of the Himar1 mariner transposon in vitro. Genetics 149, 179-87.

Lampe, D. J., Akerley, B. J., Rubin, E. J., Mekalanos, J. J. and Robertson, H.
M. (1999) Hyperactive transpsase mutants of the Himar1 mariner transposon.
Proc. Natl. Acad. Sci. USA 96, 11428-33.

Lavender, J. S., Birley, A. J., Palmer, M. J. Kuroda, M. I. and Turner, B. M.
(1994) Histone H4 acetylated at lysine 16 and proteins of the Drosophila
dosage compensation pathway co-localize on the male X chromosome through
mitosis. Chromosome Res. 2, 398-404.

Leder, T., Takahashi, M. and Hillen, W. (1995) Thermodynamic analysis of
tetracycline-mediated induction of tet repressor by a quantitative methylation
protection assay. Anal. Biochem. 232, 190-6.

Lee, C-G etal. (1997) The NTPase/helicased activities of Drosophila Maleless,

an essential factor in dosage compensation. EMBO J. 16, 2671-81

Leopold, R. A., Hughes, K. J. and DeVaut, J. D. (1996) Using electroporation
and a slot cuvette to deliver plasmid DNA to insect embryos. Genet. Anal. 12,
197-200.

Li, X., Heinrich, J. C. and Scott, M. J. (2001) piggyBac-mediated transposition in
Drosophila melanogaster. an evaluation of the use of constitutive promoters to
control transposase gene expression. /nsect Mol. Biol. 10(5), 447-55.



202

Lidholm, D., Lohe, A. and Hartl, D. (1993) The transposable element mariner
mediates germline transformation in drosophila melanogaster. Genetics 134,
859-68.

Lieb, J. D. et al. (1998) MIX-1: an essential component of the C. elegans mitotic
machinery executes X chromosome dosage compensation. Cell 92, 265-77

Lim, J. K., Simmons, M. J., Raymond, J. D., Cox, N. M., Dol, R. F. and Culbert,
T. P. (1983) Homologue destabilization by a putitive transposable element in
Drosophila melanogaster. Proc. Natl. Acad. Sci. USA. 80, 6624-7.

Lindquist, S. (1980) Varying patterns of protein synthesis in Drosophila during
geat shock: implications for regulation. Dev Biol. 77, 453-79.

Lis, J. T., Simon, J. A. and Suton, C. A. (1983) New heat shock puffs and -
galactosidase activity resulting from transformation of Drosophila with an
hsp70-lacX hybrid gene. Cell 35, 403-10.

Linzen, B. (1974) The tryptophan to ommochrome pathway in insects. Adv.
Insect Physiol. 10, 117-246.

Lobo, N., Li, X.and Fraser, M.J. Jr (1999) Transposition of the piggyBac
element in embryos of Drosophila melanogaster, Aedes aegypti and
Trichoplusia ni. Mol. Gen. Genet. 261, 803-10.

Lohe, A. R. and Hartl, D. L. (1996) Autoregulation of mariner transposase
activity by overproduction and dominant-negative complementation. Mol. Biol.
Evol. 13, 549-55.

Loukeris, T. G., Arca, B., Livadaras, |., Dialektakis, G. and Savaki, C. (1995a)
Introduction of the transposable element Minos into the germ line of drosophila
melanogaster. Proc. Natl. Acad. Sci. 92, 9485-9.



203

Loukeris, T. G., Livadaras, |., Arca, B., Zablou, S. and Savakis, C. (1995b)
Gene transfer into the Medfly, Ceratitis capitata, using a Drosophila hydei
transposable element. Science 270, 2002-5.

Lozovskaya, E. R., Nurminsky, D. I., Hartl, D. L. and Sullivan, D. T. (1996)
Germline transformation of Drosophila virilis mediated by the transposable
element hobo. Genetics 142, 173-7.

Lucchesi, J. C., Skripsky, T. (1981) The link between dosage compensation and
sex differentiation in Drosopnila melanogaster. Chromosoma 82, 217-27.

Lucchesi, J. C., Skripsky, T. and Tax, F. E.(1982) A new male-specific mutation
in Drosophila meleanogaster. Genetics 100, 42

Lucchesi, J. C., and Manning, J. E. (1987) Gene dosage compensation in
Drosophila melanogaster. Adv. Genet. 24, 371-429.

Lucchesi, J. C. (1998) Dosage comensation in flies and worm: the ups and
downs of X-chromosome regulation. Curr. Opin. Genet. Dev. 8, 179-84

Lyman, L. M. et al. (1997) Drosophila male-specific lethal-2 protein:
structure/function analysis and dependence on MSL-1 for chromosome
association. Genetics 147, 1743-53

Mangelsdorf, D. J., Thummel, C., Beato, M., Herrlich, P., Umesono, K,
Blumberg, B., Kastner, P., Mark, M., Chambon, P. and Evans, R. M. (1995) The
nuclear receptor superfamily: the second decade. Cell 83, 835-9.

Maclean, N. (1995) (Ed) Animals with novel genes Cambridge: Cambridge
University Press.



204

MaCrane, V., Carlson, J. O., Miller, B. R. and Beaty, B. J. (1988) Microinjection
of DNA into Aedes triseriatus ova and detection of integration. Am. J. Trop.
Med. Hyg. 39, 502-10.

Marin, I., Franke, A. Bashaw, G. J. and Baker, B. S. (1996) The dosage
compensation system of Drosophila is co-opter by newly evolved X
chromosomes. Nature. Vol. 383, Sep. 12, 160-63.

Marin, I. and Baker, B. S. (2000) Origin and evolution of the regulatiory gene
male-specific lethal-3. Mol. Biol. & Evol. 17(8), 1240-50.

Maruyama, K. and Hartl, D. L. (1991b) Evolution of the transposable element
mariner in Drosophila species. Genetics 128, 319-29.

Maruyama, K. and Hartl, D. L. (1991c) Interspecific transfer of the transposable
element mariner between Drosophila and Zaprionus. J. Mol. Evol. 33, 514-24.

Mason, P. J., Hall, L. M. C. and Gausz, J. (1984) The expression of heat shock
genes during normal development in Drosophila melanogaster. Mol Gen Genet
194, 73-78.

Matthews, K. A., Miller, D. F. B. and Kaufman, T. C. (1989) Developmental
distribution of RNA and protein products of the Drosophila a-tubulin gene family.
Dev. Biol. 132, 45-61.

May, E. W., Craig, N. L. (1996) Switching from cut-and paste to replicative Tn7
transposition. Science 272, 401-4.

Mayo, K. E., Warren, R. and Palmiter, R. D. (1982) The mouse metallothionein-
1 gene is transcriptionally regulated by cadmium following transfection into

human or mouse cells. Cell 29, 99-108.



205

McCombs, S. D. and Saul, S. H. (1995) Translocation-based genetic sexing
system for the pupal colour dimorphism. Ann. Entomol. Soc. Am. 88(5), 695-8.

Mclnnis, D. O., Tam, S., Grace, C. and Miyashita, D. (1994) Population
suppression and sterility induced by variable sex ratio, steril insect releases of
Ceratitis captitata in Hawwaii. Ann. Entomol. Soc. Am. 87, 231-40.

Medhora, M., Maruyama, K and hartl, D. L. (1991) Molecular and functional
analysis of the mariner mutator element Mos1 in Drosophila. Genetics 128,
311-8.

Meller, V. H., Wy, K. H., Roman, G., Kuroda, M. |. and Davis, R. L. (1997) roX1
RNA paints the X chromosome of male Drosophila and is regulated by the
dosage compensation system. Cell 88, 445-57.

Meller, V. H., Gordadze, P. R. and Kuroda, M. I. (2000) Ordered assembly of
roX RNAs into MSL complexes on the dosage-compensated X chromosome in
Drosophila. Curr. Biol. 10(3) 136.

Mendez, B. Tachibana, C. and Levy, S. B. (1980) Heterogenetty of tetracycline
resistance determinants. Plasmid 3, 99-108.

Mialhe, E. and Miller, L.H. (1994) Biolistic techniques for transfection of
mosquito embryos (Anopheles gambieae). BioTechniques 16, 924-31.

Michel, K., A., Stamenova, A.C., Pinkerton, G., Franz, A.S., Robinson, A.,
Gariou-Papalexiou, A., Zacharopoulou, D.A., O”Brocha and Atkinson, P.W.
(2001) Hermes-mediated germ-line transformation of the Mediterranean fruit fly
Ceratitis capitata. Insect Mol. Biol. 10, 155-62.



206

Miller, L. H., Sakai, R. K., Romans, P., Gwadz, R. W., Kantoff, P. and Coon, H.
G. (1987) Stable integration and expression of a bacterial gene in the mosquito
Anophillis gambiae. Science 237, 779-81.

Morris, A. C., Eggelston, P. and Crampton, J. M. (1989) Genetic transformation

of the mosquito Aedes aegypti by micro-injection of DNA. Med. Vet. Entomol. 3,
1-7.

Morris, A. C, Schaub, T. L and James, A. A. (1997) FLP-mediated
recombination in the vector mosquito, Aedes aegypti. Nucleic Acids Res. 19,
5895-900

Mudherjee, A. S. and Beerman, W. (1965) Synthesis of ribonucleic acid by the
X chromosomes of Drosophila melanogaster and the problem of dosage
compensation. Nature 207, 785-6

Natzle, J. E. and McCarthy, B. J. (1984) Regulation Drosophila alpha and beta
tubulin gene during development. Dev. Biol. 104, 187-98,

No, D., Yao, T.-P. and Evans, R. M. (1996) Ecdysone-inducible gene
expression in mammalian cells and transgenic mice. Proc. Natl. Acad. Sci. USA
93, 3346-51.

Norris, K. R.(1990) Evidence for the multiple exotic origin of Australian
populations of the sheep blowfly, Lucilia cuprina (Wiedemann) (Dipera:
Calliphoridae). Australian Joumal of Zoology, 38, 635-48.

O'Brochta, D. A. and Handler, A. M. (1988) Mobility of P elements in
drosophilids and non-drosophilaids. Proc. Natl. Acad. Sci. USA 85, 6052-56.



207

O'Brochta, D. A., Warren, W. D., Saville, K. J. and Atkinson, .P. W. (1994)
Interplasmid transposition of Drosophila hobo elements in non-drosophilid
insects. Mol. Gen. Genet. 244, 9-14.

O'Brochta, D. A., Warren, W. D., Saville, K. J. and Atkinson, P. W. (1996)
Hermes, a functional non-drosophilid insect gene vector from Musca domestica.
Genetics 142, 907-14.

O'Brochta, D. A. and Atkinson, P. W. (1998) Building the better bug. Sci. Am.
279, 90-95.

O'Brochta, D. A. and Atkinson, P. W. Lehane, M. J. (2000) Transformation of
Stomoxys calcitrans with a Hermes gene vector. Insect Mol. Biol. 9, 531-8.

O'Donnell, K. H., Chen, C. T. and Wensink, P. C. (1994) Insulating DNA directs
ubiquitous transcription of the Drosophila melanogaster a1i-tubulin gene.
Molecular and Cellular Biology. 9, 6398-408.

Offermann, C. A. (1936) Branched chromosomes as symmetrical duplications.
J. Genet. 32,103-16.

Ortiz, G., Liedo, P., Schwarz, A., Villasenor, A., Reyes, J. and Mata, R. (1986)
Mediterranean fruit fly (Ceratitis capitata wied): status of the eraication
programme in southern Mexico and Guatemala, pp523-532. In Fruit flies:
Proceedings 2nd International Symposium. Crete, Greece Ellsevier,
Amsterdam. 9, 16-21.

Palmer, M. J. Mergner, V. A., Richman, R., Manning, J. E., Kuroda, M. |. and
Lucchesi, J. C. (1993) The male specific lethal-one gene encodes a novel
protein that associates with the male X chromosome in Drosophila. Genetics
134, 545-57



208

Palmer, M. J., Richman, R., Manning, J. E., Kuroda, M. I. (1994) Sex-specific
regulation of the male-specific regulation of the male-specific-lethal-1 dosage
compensation gene in Drosophila. Genes Dev. 8, 698-706

Pelham, H. R. B. (1982) A regullatory upstream promoter element in the
Drosophila hsp70 heat shock gene. Cell 30, 517-28.

Pelham, H. R. B. (1985) Activation of heat shock genes in eucaryotes. Trends
Genet. 1, 31-35.

Peloquin, J. J., Thibault, S. T., Staten, R. and Miller, T. A. (2000) Germ-lline
transformation of pink bollworm (Lepidoptera: Gelechiidae) mediated by the
piggyBac transposable element. /nsect Mol Biol 9, 323-33.

Perkins, H. D. and Howells, A. J. (1992) Genomic sequences with homology to
the P element of Drosophilla melanogaster occur in the blowfly Lucilia cuprina.
Proc Natl. Acad. Sci. USA 89, 10753-7.

Pinkerton, A. C., O'Brochta, D. A. and Atkinson, P. W. (1996) Mobllity of hAT
transposable element in the Old World American Bollworm, Helicoverpa
armigera. Insect Mol. Biol. 5(4). 223-7.

Pinkerton, A. C., Michel, K., O'Brochta, D. A. and Atkinson, P. W. (2000) Green

fluorescent protein as a genetic marker in transgenic Aedes aegypti. Insect Mol
Biol 9, 1-10.

Pirrota, V. H. Steller and Bozzetti, M. P. (1985) Multiple upstream regulatory
elements control the expression of the Drosophila white gene. EMBO J. 4,
3501-8.



209

Pizarro, J. M., Manso, F. C. and Cladera, J. L. (1997) New allele at a affecting
developmental time in mediterran fruit fly and its potential use in genetic sexing
at the egg stage. Ann Entomol Soc Am 90(2): 220-22.

Plautz, J. D., Day, R. N., Dailey, G. M., Welsh, S. B., Hall, J. C. Halpain, S. and
Kay, S. A. (1996) Green fluorescent protein and its derivatives as versatile
markers for gene expression in living Drosophila melanogaster, plant and
aminal cells. Gene 173, 83-87.

Prakash, S. K., Van den Veyver, I. B., Fraco, B., Volta, M, allabio, A. and
Zoghbi, H. Y. (1999) Characterization of a Novel Chromo Domain Gene in
Xp22.3 with Homology to Drosophila msl-3. Genomics 59(1), 77-84.

Proverb, M. D. (1974) Codling moth control by the sterility pronciple in British
Columbia: Estimate cost and some biological observations related to cost.
I.A.E.A. STI. Vienna 364, 137

Rastelli, L., Richman, R., Kuroda, M. |. (1995) The dosage compensation
regulators mle, msi-1 and msl-2 are interdependent since early embryogenesis
in Drosophila. Mech. Dev. 53, 223-33.

Rebbe, N. F., Ware, J., Bertina, R. M., Modrich, P. and Stafford, D. W. (1987)
Nucleotide sequence of of a cDNA for a member of the human 90-kDa heat-
shock protein family. Gene 53, 235-45.

Richter, L., Bone, J. R. and Kuroda, M. I. (1996) RNA-dependent association of
the Drosophila maleless protein with the male X chromosome. Genes Cells 1,
325-36

Riggleman, B., Wieschaus, E. and Sched|, P. (1989) Molecular anslysis of the
armadillo locus: Uniformaly distributed transcripts and a protein with novel



210

internal repeats are associated with a Drosophila segment polarity gene. Genes
& development 3, 96-113.

Rio, D. C. (1991) Regulation of Drosophila P element transposition. Trends
Genet. 7, 282-7.

Rio, D. C. and Rubin, G. M. (1985) Transformation of cultured Drosophila
melanogaster cells with a dominant selectavle marker. Mlol. Cell. Biol. 5, 1833-
8.

Robertson, H. M. (1993) The mariner transposable element is wide-spread in
insects. Nature 362, 241-5.

Robertson, H. M. (1995) The Tcl-mariner superfamily of transposons in animals.
J. Insect physiology 41, 99-105.

Robertson, H. M. and Lampe, D. J. (1995) Distribution of transposable elements
in arthropods. Annu. Rev. Entomol. 40, 333-357.

Rubinson A. S, Van Heemen, C. (1982) Ceratisis capitata-a suitable case for

genetic sexing. Genetica 58, 23-24.

Robinson, A. S., Girio, U., Hooper, G. H .S. and Capparella, M. (1986) Field
cage studies with a genetic sexing strain in the Mediterranean fruit fly, Ceratitis
capitata. Entomol. Exp. Appll. 41, 321-35.

Rossler, Y. (1979) Automated sexing of ceratitis capitata (Diptera:Tephritidae):
The development of strains with inherited, sex-linked pupal colour-dimorphism.
Entomophaga 24, 411-16.

Rubin, G. M. and Spradling, A. C. (1982) Genetic transformation of Drosophila
with transposable element vectors. Science, 218, 348-52.



211

Rubin, G. M. and Spradling, A. C. (1983) Vectors for P element-mediated gene
transfer in Drosophila. Nucleic Acids Res. 11, 6341-51.

Russo, C. A., Takezaki, N. and Nei, M. (1995) Molecular phylogeny and
divergence times of Drosophilid species. Mol. Biol. Evol. 12, 391-404.

Ryan, A. F. (1954) The sheep blowfly problem in Tasmania Australian
Veterinary Joumal 30, 109-15.

Samuels, M. E. et al. (1994) RNA binding by sxI proteins in vitro and invivo.
Mol. Cell Biol. 14, 4975-90.

Sarkar, A., Coates, C. J., Whyard, S., Willhoeft, U., Atkinson, P. W. and
O'Brochta, D. A. (1997a) The Hermes element from Musca domestica can

transpose in four families of cyclorrhaphan flies. Genetica 99, 15-29.

Sarker, A. Yardley, K. Atkinson, P. W. James, A. A. and O'Brochta, D. A.
(1997b) Transposition of the Hermes element in embryos of the vector
mosquito, Aedes aegypti. Insect Biochem. Moll. Biol. 27, 359-63.

Saul, S. H. (1984) Genetic sexing in in the Mediterranean fruit fly ceratitis
capitata (Wiedemann) (Dipera: Tephritidae): conditional lethal translocations
that preferentially eliminate females. Ann. Entomo. Soc. Am. 77, 280-83.

Saurin, A. J., Borden, K. L. B., Boddy, M. N. and Freemont, P. S. (1996) Does
this have a familiar RING? Trends Biochem. Sci., 21, 208-14.

Scavarda, N. J. and Hartl., D. L. K. (1984) Interspecific DNA transformation in
Drosophila. Proc. Natl. Acad. Sci. USA 81, 7515-19.



212

Schliekelman, P. and Gould, F. (2000) Pest controll by the release of insects
carrying a conditional lethal trait on on muiltiple loci. J Econ Entomol. 93(6),
1543-65.

Schliekelman, P. and Gould, F. (2000) Pest controll by the release of insects
carrying a female-killing allele on multiple loci: potential, limitations and optimal
strategies. J Econ Entomol. 93(6), 1566-79.

Schappinger, D. and Hillen, W. (1996) Tetracyclines: antibiotic action, uptake,
and resistance mechanisms. Arch Microbiol. 165(6): 359-69.

Schneuwly, S., Klementz, R. and Gehring, W. J. (1987) Redesigning the body
plan of Drosophila by ectopic expression of the homeotic gene Antennatedia.
Nature 325, 816-8.

Scott, M. J., Pan, L. L. P, Cleland, S. B., Knox, A. L. and Heinrich, J. (2000)
MSL1 plays a central role in assembly of the MSL complex, essential for
dosage compensation in Drosophila. The EMBO Journal 19(1), 144-55.

Searles, L. L., Jokerst, R. S., Bingham, P. M., Voelker, R. A. and Greenleaf, A.
L. (1982) Molecular cloning of sequences from a Drosophila RNA polymerase ||

locus by P element transposon tagging. Cell 31, 585-92.

Seawright, J. A., Kaiser, P. E., Dame, D. A. and Logren, C. S. (1978) Genetic
method for the proferential elimination of females of Anopheles albimanus.
Science 200, 1303

Sheng, G., Thouvenot, E., Schmucker, D., Wilson, D.S. and Desplan, C. (1997)
Direct regulation of rhodopsin 1 by Pax-6/eyeless in Drosophila: evidence for a
conserved function in photoreceptors. Genes Dev. 11, 1122-31.



213

Sherman, A., Dawson, A., Mather, C., Gilhooley, H. and Li, Y (1998)
Transposition of the Drosophila element mariner into the chicken germ line. Nat.
Biotechnol. 16, 1050-3.

Shockett, P., Difilippantonio, M., Hellman, N. and Schatz, D. G. (1995) Proc.
Natl. Acad. Sci. USA 92, 6522-6.

Simon, J. A. And Lis, J. T. (1987) A germline transformation analysis reveals
flexibility in the organization of heat-shock consensus elements.
Nucleic Acids Res. 15, 2971-88.

Smith, D., Wohigemuth, J., Calvi, B. R., Franklin, |. and gelbart, W. M. (1993)
Hobo enhancer trapping mutagenesis in drosophila reveals an insertion
specificity different from P elements. Genetics 135, 1063-76.

Smith, E. R., Pannuti, A., Gu, W., Steurnagel, A., Cook, R. G., Allis, D. and
Lucchesi, J. C. (2000) The Drosophila MSL complex acetylates histone H4 at
lysine 16, a chromatin modification linked to dosage compensation. Mol. Cell
Biol. 20, 312-8.

Snug, S. G., Seawright, J. A., Joslyn, D. J. and Rabbani, M. G. (1981)
Homozygous pericentric inversions and other studies of inversions on
chromsome 3 in the mosavuito Anopheles albimanus. Can. J. Genet Cytol. 23,
57-64.

Steiner, L. F. (1969). Mediterranean fruit flly research in Hawaii for the sterile
realease programs, pp.73-82. In Insect ecology and the sterile-male technique.
International Atomic Energy Agency, Vienna.

Sosnowski, B. A., Belote, J. M. and McKeown, M. (1989) Sex-specific
alternative splicing of RNA from the transformer gene results from sequence-
dependent splice site blockage. Cell 58, 449-59.



214

Spencer, D. M., Wandless, T. J., Schreiber, S. L. and Crabtree, G. R. (1993)
Controlling signal transduction with synthetic ligands. Science 262, 1019-1024

Spielman, A. (1994) Why entomological antimalaria research should not focus

on transgenic mosquitoes. Parasitol. Today 10, 374-6.

Spradling, A. C. and Rubin, G. M. (1982) Transposition of cloned P elements
into Drosophila germ line chromosomes. Science 218, 341-7.

Spradling, A.C., Stern, D. M,, Kiss, |., Roote, J., Laverty, T. and Rubin, G. M.
(1995) Gene disruption using P transposable elements: an integral component
of the Drosophlia genome project. Proc. Natl. Acad. Sci. USA 92, 10824-30.

Saville, K.J., Warren, W.D., Atkinson, P.W. and O’Brochta, D.A. (1999)
Integration specificity of the hobo element of Drosohila melanogaster is

dependent on sequences flanking the integration site. Genetica 105, 133-47.

Spradling, A. C., Stern, D., Beaton, A. Rhem, E. J., Laverty, T., Mozden, N.,
Misra, S. and Rubin, G. M. (1999) The Berkeley Drosophila Genome Project
gene disruption project: Single P-element insertions mutating 25% of vital
Drosophila genes. Genetics 153, 135-77.

Struhl, K. (1998) Histone acetylation and transcriptional regulatory mechanisms.
Genes Dev., 12, 599-606.

Sullivan, D. T., Kitos, R. J. and Sullivan, M. C. (1973) Developmental and
genetic studies on kynurenine hydroxylase from Drosophila melanogaster.
Genetics 75, 651-61.



215

Summers, K. M. and Howells, A. J. (1978) Xanthommatin biosynthesis in wold-
type and mutant strains of the Australian sheep blowfly Lucilia. Biocem Genet
16, 1153-63.

Summers, K. M. and Howells, A. J. (1980) Functions of the white and topaz loci
fo Lucilia cuprina in the production of the eye pigment xanthommatin. Biochem
Gent 18, 643-53.

Summer, K. M., Howells, A. J. and Phliotis, N. A. (1982) Biology of eye
pigmentation in insect Aadv. Insect Physiol. 16, 119-166.

Sundaraajan, P., Atkinson, P. W. and O'Brochta, D. A. (1999) Transposable
element interactions in insects: crossmobilization of hobo and Hermes. Insect
Mol. Biol. 8, 359-68.

Tamura, T., Thibert, C., Kanda, T., Abraham, E., Kamba, M., Komoto, N.,
Thomas, J. L., Mauchamp, B., Chavancy, G., Shirk, P., Fraser, M.,
Prudhomme, J. C. and Couble, P. (2000) Germline transformation of the
silkworm Bombyx mori L. using a piggyBac transposon-derived vector. Nat.
Biotechnol. 18, 81-4.

Tavakoli, T. P. and Derbyshire, K. M. (1999) 1s903 transposase mutants that
suppress defective inverted repeats. Mol. Microbiol. 31, 1183-95.

Thibault, S. T., Lu, H. T., Vann, N. and Miller, T. A. (1999) Precise excision and
transposition of piggyBac in pink bollworm embryos. Insect Mol Bioll 8, 119-23.

Thomas, D. D., Donnelly, C. A., Wood, R. J. and Alphey, L. S. (2000) Insect
population control using a dominant , repressible, lethal genetic system.
Science 287, 2474-6.



216

Tiedje, J. M., Colwell, R. K, Grossman, Y.L., Hodson, R. E. and Lenski, R. E.
(1989) The planned introduction of genetically engineered organisms:
ecological considerations and recommendations. Ecoogy 70, 298-315.

Toshiki, T., Chantal, T., Corinne, R., Toshio, K. and Eappen, A. (2000)
Germline transformation of the silkworm Bombyx mori L. using a piggyBac

transposon-derived vector. Nat. Biotechno. 18, 81-84.

Tosi, L. R. and Beverley S. M. (2000) Cis and trans factor affecting Mos1
mariner evolution transposition in vitro, and its potential for functional genomics.
Nucleic Acids Res. 28, 784-90.

Tsien, R. Y. (1998) The green fluorescent protein Annu. Rev. Biochem. 67, 509-
44

Turner, B. M., Birley, A. J. and Lavender, J. (1992) Histone H4 isoforms
acetylated at specific lysine residues define individual chromosomes and
chromatin domains in Drosophila polytene nuclei. Cell 69, 375-84.

Vegeto, E. A,, Allan, G. F., Schrader, W. T., Tsai, M. J., McDonnell, D. P. and
O'Malley, B. W. (1992) The Mechanism of RU486 Antagonism Is Dependent on
the Conformation of the Carboxy-Terminal Tail of the Human Progesterone
Receptor. Cell 69, 703-13.

Vincent. J.-P, Girdham, C. H. and O'Farrel, P. H. (1994) Rapid communication -
A cell- autonomous, ubiquitous marker for the analysis of Drosophila genetic
mosaics. Developmental Biolgy 164, 328-31.

Vreysen M. J. B., Saleh, K. M., Ali, M. Y., Abdulla, A. M., Zhu, Z. R., Juma, K.
G., Dyck, V. A, Msangi, A. R., Mkonyi, P. A. and Feldmann, H. U. (2000)
Glossina austeni (Diptera: Glossinidae) eradicated on the Island of Unguja,



217

Zanzibar, using the sterile insect technique. Journal of Economic Entomology
93(1), 123-35.

Walbot, V. (1992) Strategies for mutagenesis and gene cloning using
transposon tagging and T-DNA insertional mutagenesis. Annu. Rev. Plant
Phys. Plant Mol. Biol. 43, 49-82.

Walker, V. K. (1989) Gene transfer in insects. Adv. Cell Culture 7, 87-124.

Wang, S. and Hazelrigg, T. (1994) Implications for bcd mRNA localization from
spatial distribution of exu protein in Drosophila oogenesis. Nature. 369, 400-3.

Wang, Y., O'Malley, B. W. Jr., Tsai, S. Y. and O'Malley,. W. (1994) A regulatory
system for use in gene transfer. Proc. Natl. Acad. Sci. USA 91, 8180-4.

Wang, Y., O'Malley, B. W. Jr., Tsai, S. Y. and O'Maley (1997) Ligand-inducible
and liver-specific target gene expression in transgenic mice. Proc. Natl. Acad.
Sci. USA 15, 239-43.

Wang, W., Swevers, L. and latrou, K. (2000) mariner (Mos1) transposase and
genomic integration of foreign gene sequences in Bombyx mori cells. Insect
Mol. Biol. 9, 145-55.

Warren, A. M. and Crampton, J. M. (1994) Mariner: its prospects as a DNA
vector for the genetic manipulation of medically important insects. Parasitology
Today 10(2), 58-63.

Warren, W. D., Atkinson, P. W. and O'Brochta, D. A. (1994) The Hermes
transposable element from the housefly, Musca domestica, is a short inverted
repeat-type element of the hobo, Ac, and Tam3 (hAT) element family. Genet.
Res. Camb. 64, 87-97.



218

repeat-type element of the hobo, Ac, and Tam3 (hAT) element family. Genet.
Res. Camb. 64, 87-97.

Warren, W. D., Atkinson, P. W. and O'Brochta, D. A. (1995) The Australian
bushfly Musca vetustissima, contains a sequence related to transposons of the
hobo Ac and Tam3 family. Gene 154, 133-4.

Warren, W. D., Palmer, S. and Howells, A. J. (1996) Moleular characterization
of the cinnabar region of Drosophila melanogaster. identification of the cinnabar

transcription unit. Genetica 98, 249-62.

Watts, J. R, Muller, M. J. ,Dyce, A. L. & Znorris, K. R.(1976) The species of files
reared from struck sheep in south-eastern Australia. Australian Veterinary
Journal 53, 488-9.

Watts, J. E., Murray, M.D. and Graham, N. P. (1979) The blowfly strike problem
of sheep in New South Wales. Aust. Vet J. 55, 325-34.

Waterhouse, D. F, Paramonov, S. J. (1950) The status of the two species of
Lucillia (Diptera, Calliphoridae) attacking sheep in Australia. Australian Journal
of Scientific Research Bureau. 3, 310-36.

Weber, J. A. Taxman, J. T. Lu, W., Gilmour, D. S. (1997) Molecular Architecture
of the hsp70. Molecular and Cellular Biology 7, 3799-808.

Weinmann, P., Gossen, M., Hillen, W., et al. (1994) A chimeric transactivator
allows tetracycline-responsive gene-expression in whole plants. Plant J. 5(4):
550-69.

Weller, G. L. and Foster, G.G. (1993) Genetic maps of the sheep blowfly Lucilia
cuprina: linkage-group correlations with other dipteran genera. Genome 36,
495-506.



219

Whitten, M. J., (1969) Automated sexing of pupae and its usefulness in control
by sterile isects. Journal of Economic Entomolgy. 62(1), 272-3.

Whitten, M. J. & Taylor, W. C. (1970) A role for the sterile female in insect
control. J. Econ Entomol., 63, 269-72.

Whitten, M. J., Foster G. G, Vogt W. F, Kitching, R. L, Woodburn, T. L,
Konovalov, C. (1977) Crurrent status of genetic control of the Australian sheep
blowfly, Lucilia cuprina (wiedemann) (Diptera: Calliphoridae). Pro 15" Int Congr
Entomol, Washington, D. C., 1976, 129-39.

Whitten M. J. (1979) The use of genetically selected strains for pest
replacement or suppression. In: Hoy MA, McKelvey JJ Jr (eds) Genetics in
relation to insect management. The Rockefeller Foundation, New York, 31-40.

Wilson J. A. and Heath, A. C. G. (1994) Resistance to two organophosphate
insecticides in New Zealand populations of Lucilia cuprina. Medical and

Veterinary Entomology 8, 231-7.

Wirtz, E. and Clayton, C. (1995) Inducible gene expression in trypanosomes
mediated by a prokaryotic repressor. Science 268, 1179-83.

Wissmann, A. and Hillen, W. (1989) Forum Mikrobio.l, 292-9.

Xiao, H. and J. Lis, J. T. (1988) Germline transformatiokn used to define key

features of the heat shock response element. Science 239, 1139-42.

Xiao, H. and Lis, J. T. (1989) Heat shock and developmental regulation of the
Drosophila melanogaster hsp83 gene. Mol. Cell Biol. 9: 1746-53.

Xiao, Y., Kuwata, T. and Shida, H.(2000) Dox-dependent SIVmac with
tetracycline-inducible promoter in the U3 promoter region. Virology 269(2), 268.



220

Thummel, C. S.and Pirrotta, V.(1991) Technical notes: new pCaSpeR P-
element vectors. Drosophila information Newsletter 2.

Whitten, M. J., (1969) Automated sexing of pupae and its usefulness in control

by sterile isects. Journal of Economic Entomolgy. 62(1), 272-3.

Yang, F., Moss, .G. and PhillipsJr, G. N. (1996) The molecular structure of
green fluorescent protein. Nat. Biotechnol. 14, 1246.

Zhou, S., Yang Y., Scot, M. J., Pannuti, A., Fehr, K. C., Eisen, A., Koonin, E.
V., Fouts, D. L., Wrightsman, R., Manning, J. E., Lucchesi, J. C. (1995) Male-
specific-lethal 2, a dosage compensation of Drosophila that undergoes sex-
specific regulation and encodes a protein with a RING finger and
metalllothionein-like cluster. EMBO J. 14, 2884-95

Zhao,Y. and Eggleston, P. (1998) Stable transformation of an Anopheles
gambiae cell line mediated by the Hermes mobile genetic element. /nsect
Biochem. Mol. Biol. 28, 213-9.

Zhou, M. Reznikoff, W. S. (1997) Tn5 transposase mutants that alter DNA
binding specificity. J. Mol. Biol. 271, 362-73.

Zwiebel, L. J., Saccone, G., Zacharopoulou, A., Besansky, N. J., Favia, G.,
Collins, F. H., Louis, C. and Kafatos, F. C. (1995) The white gene of Ceratitis
capitata: a phenotypic marker for germline transformation. Science 270, 2005-8.
Horn, C., Jaunich, B., Wimmer, E. A. (2000) Highly sensitive, fluorescent
transformation marker for Drosophila transgenesis. Development genes and
Evolution (210):623-9.

Horn, C., Jaunich, B., Wimmer, E. A. (2000) Highly sensitive, fluorescent
transformation marker for Drosophila transgenesis. Development genes and
Evolution (210): 623-9.



221

APPENDIX 1

PUBLICATION



222

APPENDIX 2

VECTOR MAPS



Sspl 5149 ael 130

anI 4939 SpI 440
Scal 4829 T7 promoter 620
: S
f1 ori Sacll
LacZ Eagl
No
Xbal
pXL1 Spel
Drall
5259 bp Apal
Ap
msl-2
ORI
T3 promoter 3009
Kpnl
Apal
Dral
ﬁhOII(Hi )
ccl{Hinc
Sall
Clal
HindIII
EcoRV
EcoRI
Ncol
Ncol 2989

Plasmid name: pXL1

Plasmid size: 5.239 kb

Comments/References: From Strategies. Only an approximate map.
Linked by EcoNco-Primer: Top(AATTCAGAGCTAAAACAAC);

Bot: (CATGGTTGTTTTAGATCTG).



Nael 0.13 T7 promoter 0.62

Sspl 2.85 /,
% Saef

Xmnl 2.64

Scal 2.53\%

Ap pBlueScript KS- LacZ
2.96 Kb

Sspl 0.44 Eagl

!

L

4 /

ORI

Cla
Sall (HinclI)
Accl

Xhol
Drall
Apal

Kpnl

T3 promoter 0.71

Plasmid name: pBlueScript KS-
Plasmid size: 2.96 kb



pBACLTR

£

7
Sall }.‘g
Xbal BacORF &N
BamHI pBACRTR P
Smal Hpal 2131
Kpnl &'
Sacl -{.@'j“:&
EcoRl AT

Sacl 3437

Plasmid name: p3E1.2
Plasmid size:5.962 kb



E‘T;ﬂ Cl EcoR!
1

xnr ]lel

Kon lutng 14k
L™

BamHlxna 1 Sac i

Sami

T T
1 Sal | I EceRl
Xpnl Hing 1M1

Plasmid name: pBC/SacRB
Plasmid size: 5.6 kb

!

Spel Nat | Sac



Sadl

Pstl
Schli
;;;C:I” Hirncdlll
en Hincll
_ £l Sall
-2l Xhol
- Bammhl cpall
bt s' i I ‘:’n
- K;.nal EamHI
Ak X=zal
Eczhl

Ps:l
Hinclll
Schl
Xhol
Sacl

Hirglll

Plasmid name: pB(KOa.)
Plasmid size: 8.9 kb



Tet resistance

MiLRTetR casette inserted as a blunt fragment into the Scal site of Loristé

7

o Lorist6
5156 bp o

\'f’\
e.c"“ -;\" {Aar.e; (4715)

-y

Plasmid name: pMLRTetR (pLorist6)
Plasmid size: 5.156 kb



o CeeP L CPa4 N

exow [

ewou 2

Sall

RATAAA

hsp7 Qter

pHSS6hsp70p.t

Plasmid name: pHSS6hsILMi20
Plasmid size: 5 kb



!—h’ndlll 399

pBACLTR

e

Sall K
Xbal PBACORF ¥4
g::in PUCBAC(C.cw+) % Notl 2131
Kpnl -
Sacl BACRTR
sacl /,__\ P 9602 bp

Sacl 7077

%
*
& PBACORF
%
%
&,
Notl 5772

Plasmid name: pUCBAC(C.cw+)
Plasmid size : 9.602 kb



Aatll 2257

Sspt2139
!\ S:h[
Xmnl 1634 254
2|
Scal 1515 2780
Nhel
Pvul 1705 27313
Amp'
Fspl 1587 pSPE4 Poly(A)
Vecior
83111455 (3233=p)
Aol
258

cr

Plasmid name: pSP64 Poly(A)
Plasmid size: 3.033 kb

sPs

Find ll
Pstl
Sall
Accl
Hinc Il
Xtal
SamH |
Aval
Smal
Sec |

A L™
(GF\.\- ] )30
:""F\ '

-

1 sart

7
20
22
23
24
28
34
33
41
80

€5



* 1 2 3

N || stll

EcoRl Hpal  Bglil otl Xhol _Kpn Smal Sstl EcoRI Met Ser Arg
GAATTCGTTAACAGATCTGCGGCCGCGGCTCGAGGGTACCCGCCCGGGATCAGATCCGCGGCGCGAATCAATCCAT ATG T AGA ... ...
: Sstll ~ Xbal

hsp 70
(TA poly A
= = % =
— 4 =
g = E= =z s 9=gE
T A LR W X oa D L Kb
1 L1/ | ~ Kb
| I ] i
5P White 3P puC

Plasmid name: pW.T.Pr
Plasmid size: 8.9 kb



EcoRI 13.75

Sstl 11.95 % Ken
Sall 11.85 arm promoter 8mal

pCaSpeR-arm-Bgal
13.75 Kb
Sstl 3.76

Hindlll 9.10

IPst]
Hindili

Plasmid name: pCaSpeR-arm-Bgal
Plasmid size: 13.75 kb



all sites indicated

EcoRl Hpal Byl Notl Xhol Kpnl Bamkil bold: unique sile
GAATTICGTITAACAGATCTIGCGGCCGCCGGCTCGAGGGTACCGGGGGATCC % : restriction site filled in
Sstll
- —
a2 =
o A= o932 &
S T2 B %23 _ *
1 1.1 11 =
E  Xmnl/ EcoRI™ 2 = e =z 100 be =
& mnl/ Eco 233 S3 a 3
i
P R e
hsp 70
minimal (TA
promoler /
lcader
= — i =
B = Sy ‘.‘—’?, e == E
3 3 EX & d RALE _—
1 [ 1.~ i
— | =
5P White 3r pucC

Plasmid name: pWHT
Plasmid size: 9.3 kb



IHindHI

5P

Plasmid name: pW.T.P2
Plasmid size: 8.15 kb

1 Kb

HindIl[-----~===----

00 bp




EcoRl1
Kpnl
Smal
Sstll
Notl

Sy
Spel
BamHI
Xbal
Sall
Hpal
Hpal
Hpal
Xhol

- Stul
Mfel 6,77 ' . Xhol
Sall
Pstl
HindIll

Sst] 5.97 | pCaSpeR 4
7.86 Kb

Sall 5.05

Hindlll 3.23

Plasmid name: pCaSpeR4
Plasmid size: 7.86 kb



223

APPENDIX 3

TABLES OF STATISTICAL DATA



224

Differences of Squares Means of piggyBac helpers According to Table 3.3
Data:

Helper name Df P
a1-tub and hsp70 1 0.0008
a1-tub and hsp83 1 0.0154
a1-tub and hsp70hs 1 0.0654
hsp70 and hsp70hs 1 0.1669
hsp70 and hsp83 1 0.1522
hsp83 and hsp70hs 1 0.9110
a1-tub, hsp83, hsp70 3 <0.0001
and hsp70hs
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Differences of Squares Means According to Table 4.1 data:

Helper name Df P
Minoshsp70 and RNA 1 < 0.0001
RNA and o 1-tub 1 0.4084
RNA and hsp70 1 0.0247
RNA and hsp70hs 1 <0.0001
RNA and hsp83 1 0.0019
a1-tub and hsp70 1 0.0028
a1-tub and hsp70hs 1 <0.0001
a1-tub and hsp83 1 0.0139
hsp70 and hsp70hs 1 0.0002
hsp70 and hsp83 1 <0.0001
hsp70hs and hsp83 1 <0.0001
al-tub, hsp83, hsp70, 4 < 0.0001

hsp70hs and RNA




