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METHODS

The present invention relates to methods of screening for potential insecticidal
agents using genes encoding insect P450 enzymes. In particular the invention relates to
methods of using insect cyp genes and/or their promoters, as well as the products of said
cyp genes, to identify and/or optimise potential insecticidal agents. The methods employ
Aransgenic cells and/or whole organisms in which one or moré cyp gene is deleféd or
under-expressed as well as transgenic cells, cell-lines and/or organisms that over-express
one or more cyp genes Or eXpress one or more ¢yp genes in a heterologous manner. The
invention further extends to the transgenic cells, cell-lines and/or organisms used in the
methods of the invention as well as to DNA constructs comprising one or more cyp gene
and DNA constructs comprising the promoter of a cyp gene.

Cytochrome P450 monoxygenases (CYPs) comprise a superfamily of enzymes
that are found in varying numbers in almost all living organisms from bacteria to
mammals. These enzymes are known to catalyse a variety of different types of chemical
reaction, including for example aromatic and aliphatic oxidation, hydroxylation,
dealkylation, epoxidation, oxidative deamination, desulphuration and dehalogenation
reactions. In addition to monoxygenase activity, the P450s also demonstrate reductase,
peroxidase and oxidase activities. It is thus unsurprising that, given their wide range of
catalytic activities, these enzymes have been shown to be involved in the metabolism of a
wide raﬂge of xenobiotics.

Different classes of xenobiotic compounds have been, and are being, used as
insecticides. However, resistance to a large number of these compounds has emerged in
most insect species. The completion of the sequencing of the Drosophila genome has
revealed a total of 90 P450 or cyp genes (Adams et al. 2000 Science 287(5461):2185-
2195).

Studies have shown that several insect cyp genes play a role in resistance to

insecticides (Scott 1999, Insect Biochem. & Mol. Biol. 29:757-777) and molecular studies

in Drosophila have shown a positive correlation between insecticide resistance and over-
expression of one or more ¢yp genes (Maitra et al. 2000 Gene 248:147-156). Accordingly
there exists a need to develop novel insecticides that are resistant to degradation by such
P450 enzymes.

One conventional method of identifying novel insecticidal compounds relies on

screening compounds against wild-type insects and assessing whether the compound has
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any deleterious effect on the insect. When potential insecticidal compounds are screened
for activity against wild-type insects, only very few are shown to be highly insecticidally
active and it is routinely only these compounds that are taken forward into further
development as a potential insecticide. The vast majority of compounds, which either
exhibit only a low level of insecticidal activity or which have no insecticidal activity at
all, are often discarded.

The apparent lack of insecticidal activity of a compound screened against wild-
type insects may be due to the fact that the compound is truly incapable of acting as an
insecticide. Altematively, the apparent lack of insecticidal activity may be due to the
compound being metabolised by the insect. It is thought that some insect cyp genes (in
particular cyp6 genes of Drosophila and Musca species; Maitra et al. supra) are
constitutively expressed at a low level in the wild-type insect. Thus the low level of
expression of particular P450 genes and concomitant low level of residual activity of the
P450 enzymes coded therefore could be contributing to the apparent lack of insecticidal
activity of a compound. It is thus likely that some of the compounds that are routinely
discarded, due to their lack of insecticidal activity against wild-type insects, have the
potential to be insecticides if they were modified so that they were no longer susceptible
to P450-mediated metabolism. This disadvantage of the conventional method of
screening (i.e. the fact that weak chemical leads are often discarded) is addressed by the
current invention which uses transgenic insects and insect cells wherein the level of
expression, or the activity of a P450 gene has been reduced relative to the level of
expression or activity of the P450 gene in a wild-type insect or insect cell, in order to
screen for and identify such weak chemical leads.

Thus in a first aspect of the invention there is provided a transgenic insect or insect
cell wherein the level of expression of a P450 gene has been reduced relative to the level
of expression of said P450 gene in a non-transgenic insect or insect cell.

For the avoidance of doubt the term “ transgenic” as used herein in reference to an
insect or insect cell, describes an insect or an insect cell wherein the genetic material of
said insect or insect cell has been altered using recombinant DNA technology. Thus, a
transgenic insect or insect cell of the invention does not include a naturally occurring or
chemically produced mutant insect or insect cell wherein the level of expression of a P450
gene has been reduced relative to the level of expression of said P450 gene in a non-

mutant or wild-type insect or insect cell.
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Preferably the P450 gene whose level of expression is reduced in a transgenic
insect or insect cell of the invention is one of the 90 cyp genes found in D. melanogaster
(i.e. cyp4gl, cyp4dl, cyp4dl4, cyp4d2, cypdael, cyp4gls, cyp28cl, cyp3llal, cyp318al,
cyp4s3, cyp306al, cypl8al, cyp308al, cyp6vl, cypbtl, cyp307a2p, cyp309al, cyp309a2,
cyp28d2, cyp28dl, cypdacl, cypdac2, cypdac3, cyp6al6, cyp4d2l, cypde3, cyp28as,
cyp303al, cyp3l0al, cyp6t2p, cypb6wl, cypba2, cypbul, cyp9bl, cyp9b2, cypdadl,
cypde2, cypdel, cyp6ald, cyp6aldp, cypbal3, cypdp2, cyp4pl, cyp4p3, cyp49al,
cypl2dl, cyp6gl, cyp6g2, cyp6t3, cyp30lal, cyp9hl, cyp6al2, cypbal7, cyp6als3,
cypbal9, cyp6ad, cyp6a20, cypba2l, cyp6a8, cyp3l7al, cyp4aal, cypl2b2, cyp6d2,
cyp9cl, cyp4d20, cyp302al, cyp307al, cyp316al, cyp4d8, cyp3i4al, cyp312al, cyplcl,
cyp305al, cyp313bl, cypllel, cyp3l5al, cyp3i3a5, cyp3i3a2, cyp3i3a3, op9f2,
cyp9f3p, cyp313ad, cyp304al, cyp6ds, cyp313al, cypl2a4, cypl2as, cyp6d4, cyp6als, or
cyp4c3, or a homologue thereof. The nucleotide sequences encoding the above cyp genes
may be obtained from the FlyBase database, which is a database of genetic and molecular
data for Drosophila. The database is maintained by a consortium of researchers funded
by the National Institutes of Health, U.S.A., and the Medical Research Council, London
and the database may be accessed at: http:/flybase.bio.indiana.edu/.

In an embodiment of the present invention the P450 gene is selected from the
group consisting of the cyp6 gene family from D. melanogaster and homologues thereof.
The cyp6 genes from D. melanogaster include: cyp6vl, cyp6tl, cyp6al6, cyp6wl, cyp6a2,
cypbul, cypb6ald, cyp6als, cyp6al3, cyp6gl, cyp6g2, cyp6t3, cypb6a22, cypbal7,
cyp6al9, cyp6a9, cyp6a20, cyp6a2l, cypba8, cyp6d2, cyp6ds, cyp6d4, cyp6al8 and
cypba23. '

In preferred embodiments the P450 gene is selected from the group consisting of
cyp6gl, cyp6a2, cyp6a8 and homologues thereof, and it is particularly prefetred that the
P450 gene is either cyp6g! or cypba?.

The term “homologue” as used herein with respect to a P450 or cyp gene refers to
any gene which exhibits substantial identity to a named P450 or cyp gene. Preferably a
homologue exhibits at least 60%, 65%,70%, 75%, 80%, 85%, 90%, or 95% identity with
a named P450 or cyp gene. Most pfeferably a homologue exhibits at least 96%, 97%,
98% or 99% identity with a named P450 or cyp gene.

Homologues include P450 or cyp genes found in the same genus and species as
the named P450 or cyp gene, as well as P450 or ¢yp genes from insects of other genera

and/or species. Thus the homologue may come from the group of insects consisting of:
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Drosophila sp. Bombyx mori, Tribolium castaneum, Aedes aegyptii, Anopheles gambide,
Anopheles albimanus, Anopheles stephensi, Ceratitis capitata, Pectinophora gossypiella,
Helicoverpa zea, Bactrocera dorsalis, Anastrepha suspense, Musca domestica, Stomoxys
calcitrans, Heliothis virescens, Manduca sexta and Lucilia cuprina. Prefereably the
homologue will come from a known insect pest species, including in particular (but not
limited to) Heliothis virescens and Manduca sexta.

The transgenic insect or tranégenic insect cell may be any insect or insect cell
which is capable of being transformed. In particular the transgenic insect may be, or the
transgenic insect cell may come from, any one of the following insects: Drosophila sp.
Bombyx mori, Tribolium castaneum, Aedes aegyptii, Anopheles gambiae, Anopheles
albimanus, Anopheles stephensi, Ceratitis capitata, Pectinophora gossypiella,,
Helicoverpa zea, Bactrocera dorsalis, Anastrepha suspense, Musca domestica, Stomoxys
calcitrans, and Lucilia cuprina. In addition, a transgenic insect cell of the invention may
also be derived from Spodoptera frugiperda or Trichoplusia ni. In one embodiment it is
particularly preferred that the transgenic insect cell is derived from a D. melanogaster S2
cell.

Insects from the genera Drosophila, in particular Drosophila melanogaster,
Drosophila simulans and Drosophila virilis are considered as particularly suitable for use
in the invention. In one preferred embodiment, transgenic insects or insect cells of the
invention are derived from D. melanogaster.

Transgenic insects and insect cells according to this aspect of the invention exhibit
a reduced level of expression of a P450 gene in comparison to the level of expression of
said P450 gene in a wild-type non-transgenic insect or insect cell. Where the transgenic
insect is D. melanogaster, D. melanogaster Canton S is particularly suitable as a wild-
type non-transgenic insect and where the transgenic insect cell is derived from a
Drosophila cell line, such as the Drosophila S2 cell line, the untransformed cell line may
act as a suitable non-transgenic insect cell for the purposes of comparison.

For the avoidance of doubt, a reduced level of expression of a P450 gene includes
any level of expression that is less than the level of expression of the P450 gene in the
non-transgenic insect or insect cell and includes no detectable expression of said P450
gene in the transgenic insect or insect cell.

The reduced level of expression of the P450 gene in the transgenic insect or insect
cell may be effected through gene disruption at the locus for the P450 gene in the insect

concerned. This may achieved through homologous recombination (see Rong & Golic
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2000 Science 288(5473):2013-2018 for methodology relating to homologous
recombination in Drosophila) or through insertional mutagenesis e.g. transposon
insertion. :

Alternatively the reduced level of P450 expression may be effected using an RNA-
interference (RNAi) mediated knockdown or knockout of P450 or ¢yp gene function, via a
either a transient RNAi approach, or via the generation of a stable transgenic insect line
(Kennerdell& Carthew 2000, Nature Biotech. 17:896-898. Where a stable Drosophila
line is produced, it is preferred that the reduction in P450 gene expression level is
inducible. This may be achieved by employing the GAL4-UAS system (Brand &
Perrimon, 1993, Development 118:401-415) as described herein in the Examples.

In one embodiment of the invention where the reduction in the level of P450 gene
expression is mediated through an RNAi approach, an insect or insect cell is transformed
with a DNA construct comprising a first DNA sequence encoding a fragment of an insect
P450 gene and a second DNA sequence which is the reverse complement of the first DNA
sequence, wherein the first and second DNA sequences are present on the same strand of
DNA. Upon transcription 2 mRNA molecule will be produced that is capable of forming
a hairpin or stem-loop structure by virtue of the complementarity of the regions in the
mRNA which correspond to the first and second DNA sequences. This double stranded
mRNA region acts as a source of short interfering RNA molecules and thus mediates the
knockdown or knockout of P450 gene function, which is manifested in transgenic insects
or insect cells as a reduced level of expression of the P450 or ¢yp gene.

Thus in a further aspect the invention provides a DNA construct comprising a first
DNA sequence encoding a fragment of an insect P450 gene and a second DNA sequence
which is the reverse complement of the first DNA sequence, wherein the first and second
DNA sequences are present on the same strand of DNA and are operably linked to a
promoter region and optionally a terminator region.

It is thought that in order for the level of gene expression to be reduced through an
RNAIi mediated mechanism, the minimum size of a short interfering RNA is between 21
and 23 nucleotides (Zamore et al. 2000 Cell 101:25-33). Accordingly for just a single
short interfering RNA to be produced from the transcript of a DNA construct of this
aspect of the invention, the minimum length of the first and second DNA sequences in
said DNA construct is 23 nucleotides. However, it is preferred that the length of the first

and second DNA sequences is considerably longer than 23 nucleotides. Preferably the
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first and second DNA sequences will be greater than or equal to 100, 200, 300, 400, 500,
600, 700, 800, 900, 1000, or 1500 nucleotides in length.

In one embodiment a DNA construct of the invention will additionally comprise a
region of DNA which acts as a spacer region between the first and second DNA
sequences. Such a DNA sequence may be incorporated to facilitate cloning or to facilitate
the formation of a double-stranded mRNA structure, such as a hairpin or stem-loop
structure, when the DNA sequence of the DNA construct is transcribed.

Sequences that are known to be introns in a gene of the insect that is to be
transformed with a DNA construct of the invention are particularly suitable for this
purpose.

The first and second DNA sequences that are present in a DNA construct of the
invention are operably linked to a promoter region. In general the promoter region will be
any promoter region capable of driving expression of the first and second DNA sequences
in the insect or insect cell into which a DNA construct of the invention is to be
introduced. The promoter region may comprise a constitutive promoter, a tissue- or
developmentally-specific promoter, or an inducible promoter. Preferably the promoter
region comprises an inducible promoter so that the reduction in the level of expression of
the P450 gene is controllable. Preferably the inducible promoter comprises UAS hsp70
TATA promoter sequences responsive to the GAL4 protein.

DNA constructs of the invention optionally comprise a transcriptional terminator
region. Typically, such a transcriptional terminator region will be one that is suitable for
the termination transcription in the insect/insect cell into which the DNA construct is to
be introduced. Transcriptional terminator regions suitable for this purpose are described
in the art.

DNA constructs of the invention are introduced into insect cells to form transgenic
insects and insect cells using any suitable method available in the art. In particular, D.
melanogaster embryos may be transformed using the methodology described by
Spradling & Rubin 1982 (Science 218:341-347), for example, as described herein in the
Examples. '

Where the promoter region of a DNA construct of the invention comprises a
constitutive promoter region, transformation of the DNA construct into an insect or insect
cell will yield a transgenic insect or insect cell of the invention. Thus, a transgenic insect
or insect cell of the invention may be produced merely by transforming an appropriate

insect of insect cell with a DNA construct as described hereinbefore.
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However, where the promoter region comprises an inducible promoter an inducing
agent must be applied to (or be present within) the transformed insect or insect cell.

In Drosophila this may be achieved through the use of a binary system as
described by Brand & Perrimon (1993, Development 118:401-415) and as used herein in
the Examples. Essentially a DNA construct of the invention is introduced into a first
insect and a second DNA construct, which encodes a protein capable of regulating
expression from the inducible promoter in the DNA construct of the invention, is
introduced into a second insect. The first and second insects are then genetically crossed
to yield progeny, a proportion of which will comprise both the first and second DNA
constructs. Where expression of the protein encoded by the second DNA construct is
under the control of a constitutive promoter, the population of progeny comprising both
the first and second DNA constructs will comprise not only a DNA construct of the
invention but also the inducing agent necessary to effect induction from the promoter
region in the first DNA construct. Consequently the population of progeny, which
comprises both the first and second DNA constructs, consists of transgenic insects of the
invention.

Thus in a further aspect of the invention there is provided a method of producing a
transgenic insect of the invention, which comprises: (i) transforming a first insect with a
first DNA construct as described hereinbefore wherein the promoter region comprises an
inducible promoter; (ii) transforming a second insect with a second DNA construct
encoding a protein that is capable of inducing expression from the inducible promoter in
the first DNA construct; (iii) crossing the transformed insects resulting from steps (i) and
(i) to obtain progeny; wherein a population of the progeny resulting from step (iii)
comprises both the first and the second DNA constructs and when the protein encoded in
the second DNA construct is expressed, the level of expression of the P450 gene is
reduced in said population of the progeny relative to the level of expression of the P450
gene in a non-transgenic insect.

Insects containing the second DNA construct (e.g. insects already transformed
with a DNA construct encoding a protein that ig capable of inducing expression from the
inducible promoter in the first DNA construct are also readily available in the art (see
Example 3 hereinafter). Accordingly the invention also provides a method of producing a
transgenic insect of the invention, which comprises: (i) transforming a first insect with a
first DNA construct as described hereinbefore wherein the promoter region comprises an

inducible promoter; (ii) crossing the transformed insect resulting from step (i) with an
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insect that expresses an inducing protein that is capable of inducing expression from the
inducible promoter in the first DNA construct, to obtain progeny; wherein a population of
the progeny resulting from step (ii) comprise the first DNA construct and express the
inducing protein so that the level of expression of the P450 gene is reduced in said
population of the progeny relative to the level of expression of the P450 gene in a non-
transgenic insect.

Tn a similar manner, a transgenic insect cell may be made by co-transforming a
suitable insect cell with a DNA construct of the invention and a second DNA construct
that encodes a protein capable of regulating expression from the inducible promoter in the
DNA construct of the invention.

The transgenic insects and transgenic insect cells of the invention are more
susceptible to compounds that are subject to metabolism by the product of the P450 gene
whose expression level has been reduced therein. Thus the transgenic insects and insect
cells of the invention are useful in identifying compounds which are potential insecticides
and which would not have been identified, or would have only been identified as being
weakly active, in a conventional screen using a wild-type and/or non-transgenic insect or
insect cell.

Thus in a further aspect of the invention there is provided a method of identifying
or verifying the ability of a compound to act as an insecticide, which comprises: (i)
placing a transgenic insect or insect cell of the invention in contact with the compound;
(ii) assessing the transgenic insect or insect cell that has been placed in contact with the
compound in step (i) for any deleterious effect on the insect or insect cell; wherein the
presence of a deleterious effect is indicative that said compound is capable of acting as an
insecticide.

A deleterious effect may be manifested as the death of the insect or insect cells, or
by slow growth of the insect or insect cell in comparison to insect or insect cells that have
not been treated with the compound, or by some other clear phenotypic change in treated
insects or insect cells in comparison to untreated insects or insect cells.

The present invention also provides assays for identifying insecticidal compounds
that are resistant to degradation by one or more insect P450 gene product, in particulgr
compounds that are resistant to degradation by the products of insect cyp genes.
Particular cyp genes of interest are the cyp6 genes as described above. The cyp6 genes,

include the cyp6gl, cyp6a2 and cyp6A8 geﬁes, and the use of these genes is considered as
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particularly desirable. Furthermore the invention provides a method of reducing the
susceptibility of a compound to degradation by one or more ¢yp gene products.

These assays utilise transgenic insect and insect cells as described hereinbefore as
well as cells and/or whole organisms that over-express an insect P450 or ¢yp gene, or
which express an insect P450 or cyp genes in a heterologous manner.

Where these assays involve the use of cells and/or whole organisms that over-
express an insect P450 or cyp gene, or which express an insect P450 or ¢yp gene ina
heterologous manner such cells and/or whole organisms may comprise a DNA construct
comprising a cyp gene of Drosophila melanogaster, in particular one of the 90 known ¢yp
genes listed hereinbefore, operably linked to a promoter region and optionally a
transcriptional terminator. Such DNA constructs are referred to herein as “expression
constructs”. It is preferred that the cyp gene will be selected from the group consisting of
cyp6gl, cyp6a2, cyp6a8 and homologues thereof. It is particularly preferred that the ¢yp
gene is cyp6gl or cypbal.

In general the promoter region to which the cyp gene is operably linked will be
any promoter region capable of driving expression of the cyp gene in the host cell into
which an expression construct comprising the cyp gene is to be introduced. Thus, if it is
desired that the expression construct be introduced into a bacterial cell, the promoter will
be operable in that bacterial cell. Similarly if it is desired that the expression construct be
introduced into a yeast cell, the promoter will be operable in that yeast cell and the same
logic prevails if the construct is to be introduced into an insect cell or 2 mammalian cell.
Accordingly the promoter region may thus be the native promoter that is associated with
the individual cyp gene in nature, provided that the promoter is capable of driving
expression in the host cell into which the construct is to be introduced. Alternatively the
promoter region may be any one of those with which the skilled man is familiar with for
mediating expression in the host of choice. Thus, the promoter region may comprise a
constitutive promoter, a tissue- or developmentally-specific promoter, or an inducible
promoter. In a particularly preferred embodiment, where the baculovirus expression
system and Sf9 or Sf2! cells are to be employed the promoter region will comprise the
polyhedrin promoter from the dutographa californica nuclear polyhedrosis virus.

Expression constructs according to this aspect of the invention optionally
comprise a transcriptional terminator region. Typically, such a transcriptional terminator

region will be one that is suitable for termination transcription in the host cell into which
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the expression construct is to be introduced. Traﬁscriptional terminator regions suitable
for this purpose are described in the art.

The present invention also provides a cell transformed with an expression
construct as described hereinbefore. Suitable host cells for transformation with a DNA
construct of the invention include bacterial cells (such as Escherichia coli), yeast cells (for
example, Saccharomyces cerevisiae, Pichia species, Schizosaccharomyces pombe), insect
cells (for example, Drosophila S2 cells, Spodoptera frugiperda S9 or Sf21 cells,
Trichoplusia ni High Five™ cells), and mammalian cells. In a particularly preferred
embodiment, an expression construct of the invention is transformed into insect cells, in .
particular S9 cells.

Introduction of the expression construct into a host cell may employ any suitable
technique. In eukaryotic cells such techniques include calcium phosphate transfection,
DEAE-Dextran, electroporation, particle bombardment, liposome-mediated transfection
or transduction using retrovirus, adenovirus or other viruses, such as vaccinia or, for
insect cells, baculovirus. In bacterial cells, suitable techniques may include calcium
chloride transformation, electroporation or transfection using bacteriophage. In
particularly preferred embodiment, Sf9 cells are transformed using baculovirus, using for
example, the protocols supplied with the MaxBac®2.0 ~Complete Baculovirus
Expression System (Invitrogen).

The expression construct may also be introduced into a whole organism i.e. an
insect, and a stable insect line generated. In one embodiment it is preferred that the
expression construct is introduced into Drosophila, using standard transformation
techniques (see for example Spradling & Rubin 1982, Science 218:341-347). Thus
transgenic Drosophila insects may be produced wherein the level of expression of the
P450 gene present in the expression construct is amplified over the level of expression
observed in wild-type non-transformed Drosophila.

Cells or insects transformed with an expression construct may be employed in a
method of assaying the susceptibility of a compound to degradation specifically by the
product of the cyp gene present in the expression construct. Thus the invention also
provides a method of assaying the susceptibility of a compound to degradation
specifically by the P450 or cyp gene encoded on the expression construct which
comprises: a) culturing in a suitable growth medium a population of cells or an insect
transformed with a DNA construct of the invention b) incubating said compound with

said population of cells or an insect; and c) determining after said incubation the level of
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one or more degradation products of said compound in said population of cells or said
insect; wherein the presence of a measurable level of one or more degradation products is
indicative that said compéund is susceptible to degradation by the product of the cyp gene
present in the expression construct.

The suitable growth medium will be dependent upon the type of transformed cells
of the invention. For example, if the transformed cells of the invention are
Saccharomyces cerevisiae yeast cells, YPD is one such suitable medium. Where the
transformed cells are Sf9 or Sf21 cells, Grace’s Insect Cell Culture Medium is one such
medium. Where the transformed cells are Drosophila S2 cells, suitable culture medium is
Schneider’s insect medium, optionally supplemented with foetal calf serum. The skilled
man will be familiar with alternative media that are suitable for growth of the particular
host cells chosen.

Degradation products of the compound being assayed may be measured using any
suitable analytical technique. In a preferred embodiment LC-MS is the technique
employed to detect and measure metabolites. In order to facilitate the measurement of
metabolites, the cells or insects treated with a compound may be lysed and the cell
contents released into a suitable buffer. The skilled man will be familiar with suitable
methods for cell lysis which are well-documented in the art.

By comparing the effect of a compound on an insect or insect cell under-
expressing a cyp gene with the effect of the same compound on an insect or cell over-
expressing the same cyp gené (and optionally also comparing the effect of the compound
on a wild type and/or non-transformed insect or insect cell), the susceptibility of that
compound to degradation by that cyp gene may be assessed. Such a test allows better
detection of weak insecticidally active compounds that may otherwise not have been
identified, since they are susceptible to degradation by P450s and also provides
confirmation that the degradation to which they are susceptible is mediated by the gene
product of the under- or over-expressed cyp gene. The in vivo metabolism of the
compound may then be examined using any suitable analytical technique (for example, an
LC-MS technique) and solutions proposed for the enhancement of stability of the
compound by altering the chemistry of those parts of the molecule that are subject to
degradation. The use of trasnsgenic insects, insect and other cells in this way forms yet
another aspect of the invention.

Thus a compound that has been identified or verified as being capable of acting as

an insecticide using a transgenic insect or insect cell as described in the first aspect of the
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invention, may also be tested as described above to assess whether it is susceptible fo
degradation by the product of the cyp gene whose expression level was reduced in the
transgenic insect or insect cell against which it has been tested. It will be appreciated by
the skilled man that where a compound is tested in this manner, the same cyp gene will be
used in each assay. It will also be appreciated that the assay for the susceptibility to
degradation may be performed initially, and the assay using a transgenic insect or insect
cell as described in the first aspect of the invention may be carried out subsequently.
Where this is the order in which the assays are carried out, the presence of degradation
products in the first assay should correlate with the observation of insecticidal activity in
the second assay. However, the absence of degradation products in the first assay need
not necessarily correlate with an absence of insecticidal activity in the second assay. In
such a situation a likely explanation is provided by the cyp gene or gene product being
involved in the indirect mediation of metabolism.

Where it is found that a compound being assayed is susceptible to degradation, the
assay (or assays) may be used in an iterative manner to aid the design of compounds that
are less susceptible to degradation. For example, if a potential insecticide comprises a
backbone chemical structure to which one or more sub-groups are attached, it may be
found that by substituting one or more of such sub groups for a different sub-group and
re-testing the modified compound, the modified compound may be found to have an
improved resistance to degradation. If this is the case, the process may be repeated either
altering the same, or a different, sub-group and then re-testing the compound in the
assay(s) of the invention. In this way compounds may be modified to produce
insecticides that are resistant to degradation by whichever cyp gene is being either under-
or over-expressed.

In a further aspect of the invention there is provided a method of identifying or
verifying the ability of a compound to act as an insecticide, which comprises: a) culturing
in a suitable growth medium a population of insect cells transformed with an expression
construct of the invention; b) incubating said compound with said population of cells; and
¢) determining after said incubation the viability of said cells; wherein a lack of viability
of said cells is indicative that said compound is capable of acing as an insecticide.

A lack of viability of cells is preferably indicated by cell death. However, the
slow growth of cells treated with the'compound in comparison to cells that have not been
treated with the compound, or some other clear phenotypic change in treated cells in

comparison to untreated cells, may also be used as a measure of cell viability.
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This aspect of the invention may be modified to identify or verify the ability of a
compound to act as a pro-insecticide. Where this is the desired intention, cells
transformed with an expression construct will be treated with a test compound, cell
viability will be monitored post-treatment and after a period of incubation with the test
compound, a sample of cells will be assayed to determine the presence or absence of
metabolites of the test compound. In conjunction with this assay, control cells (non-
transformed cells or cells transformed with a control DNA construct lacking the cyp gene)
will be treated with the same test compound and cell viability determined post treatment.
Compounds that have no effect on the viability of the control cells, but cause a loss in
viability of cells of the invention and which are shown to be degraded by the product of
the cyp gene expressed in the cells are thus identified or verified as pro-insecticidal
compounds.

A still further aspect of the invention a method of identifying a compound that
regulates expression of an insect P450 gene, which comprises: (i) culturing in a suitable
growth medium a population of cells transformed with a DNA construct comprising a
reporter gene operably linked to the promoter region of the P450 gene; (ii) incubating said
compound with a population of cells according to step (i);

(iii) determining the level of expression of said reporter gene in cells that have been
incubated with said compound; and (iv) determining the level of expression of said
reporter gene in a population of cells according to step (i); wherein, a difference in the
levels of reporter gene expression determined at (iii) and (iv) is indicative that said
compound is capable of acting as a regulator of expression of said P450 gene.

DNA constructs for use in this aspect of the invention are referred to herein as
“reporter gene constructs” and will comprise any suitable reporter gene available in the
art, for example the reporter gene may be a gene encoding : B-galactosidase, luciferase, or
a fluorescent protein, such as for example green fluorescent protein.operably. The
reporter gene will be operably linked to the promoter region of an insect P450 gene.

Preferably the promoter region will comprise the promoter of one of the 90 known
cyp genes from D. melanogaster as listed above. Even more preferably the promoter
region will comprise the promoter of the cyp6g! gene or the cyp6a2 gene. Ina preferred
embodiment, the promoter region will lack the consensus sequences for phenobarbitol
induction (i.e. the promoter will lack so called “barbie-box™ regions as defined by Shaw

and Fulco 1993, J. Biol. Chem. 268:2997-3004). The promoter regions of insect P450
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genes for use in this aspect of the invention may be isolated and cloned using standard
molecular biological techniques.

A reporter gene construct for use in this aspect of the invention may be
transformed into Drosophila S2 cells using any suitable method available in the art.
Where the reporter gene is luciferase the level of reporter gene expression may be assayed
using the Luciferase Assay System from Promega. !

Compounds that are identified according to this aspect of the invention, in
particular those that down-regulate expression of cyp6g! or cyp6a2 may be useful as
additives to existing insecticides that are subject to degradation by the products of these
two genes, or they may find utility as insecticides in their own right.

For the avoidance of doubt, where a compound is to be “identified” as having the
ability to act as an insecticide or to act as a regulator of the expression of an insect P450
gene, that compound has not previously been shown to act as an insecticide or to act as a
regulator of expression of an insect P450 gene. Thus any compound that has previously
been shown to act in such a way is excluded from the scope of any method of
“identifying” a compound, e.g. phenobarbitol which has previously been shown to
regulate the expression of some cyp genes, is not considered as a compound that is
capable of being “identified” as a regulator of expression of a P450 gene.

Where a compound is to be “verified” as having the ability to act as an insecticide,
the compound will already have been shown to have insecticidal activity (although such

activity may be weak) through some other means.

Various aspects and embodiments of the present invention will now be
illustrated in more detail by way of example. It will be appreciated that modification of

detail may be made with out departing from the scope of the invention.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 Shows a schematic representation of DNA construct
“cyp6gl_hp_construct 1”

Figure 2 Shows a schematic representation of DNA construct
“cyp6gl_hp_contruct_2”

Figure 3 Graphical representation of the bioassay data from the treatment of
transgenic Drosophila that under express cyp6g! (lines act-gal4/hp_1 and
act-gald/+; hp_2/+), wild-type Drosophila (Canton-S — control) and
mutant Drosophila that over express cyp6gl (Hikone-R).
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EXAMPLES
Example 1 Construction of vectors for use in the production of insects wherein the
level of expression of a P450 gene is reduced relative to wild type insects

Constructs were generated that encode inverted repeats of cyp gene fragments,
which on expression fold to form an RNA duplex or as referred to herein a hairpin (hp)
RNA molecule, which is capable of mediating a RNA interference (RNAi) effect. The
constructs generated also include a spacer sequence, which serves to facilitate clonjng,
between the inverted repeats. The expreésion of the inverted repeats is under control of an
inducible promoter system.

The constructs were generated using restriction-enzyme mediated cloning (1.1)
and also site-specific recombinase mediated cloning (1.2).

To provide Drosophila DNA template for the cloning, genomic DNA from a wild-
type lab strain, Canton-S (Bloomington stock centre, stock number 1;
http:/flystocls.bio.Indiana.edu, Drosophila Stock Center, Department of Biology, Indiana
University, 1001 E. 3" St., Bllomington, IN 47405-3700, USA) was isolated using
standard molecular biology techniques (Sambrook, et al. 1989, Molecular Cloning, A
Laboratory Manual, 2" Edition, Cold Spring Harbor Laboratory, New York; Bender et al.
1983 J. Mol. Biol. 168: 17-33). This was then used as the DNA template for PCR

amplification in various steps as described below.

1.1 Restriction-enzyme mediated cloning

First the spacer sequence was cloned into the parent vector (pB-UAS w+,
described in 1.1.1 below). Then the two inverted repeats of cyp gene fragments were
inserted as described in 1.1.2. Two different hairpin constructs were made, these differed
from each other in the size of the inverted repeat; one comprised a long gene fragment
(~1700 bp) (1.1.2a), and the other comprised from a shorter gene fragment (~600 bp)
(1.1.2b).

A similar approach was taken for cyp6a2 construct generation, and this is briefly

described in 1.1.3.

1.1.1 Cloning of a spacer sequence into the vector pB-UAS w+:

An intron sequence from the cyp4e2 gene was first cloned into the vector pB-UAS
w+ (Genbank AY196823) to provide the spacer sequence to facilitate cloning of inverted
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repeats. This intron was PCR-amplified from the Canfon-S genomic DNA preparation
using primers cyp4e2_intron_F and cyp4e2_intron_R which contain introduced Xbal and
BamHI sites, respectively, into their 5° termini. The sequences of these primers are:
cypde2_intron_F 5 GCTCTAGAGCAGATCTGTCAGGTGGGTTTTTCATAG 3’ (SEQ
IDNO 1).

cypde2_intron_R 5> CGGGATCCCGCATATGTATTTCTATATAGACGTGAG 3°.(SEQ
ID NO 2).

The Xbal-BamH1 fragment from this PCR product was.then cloned into the
corresponding Xbal-BamH]1 sites of the vector pB-UAS w+, using standard molecular

biology techniques.
The sequence of the spacer region (derived from the first intron in the ¢ypde2

* gene) thus introduced into pB-UAS w+ is (given in the 5’ to 3’ orientation):

GTCAGGTGGGTTTTTCATAGGAGCCGGAAAAGTCGTAGCGTTAGCCACGCAG
AGGACACACCTGAAATTACCCATCTCGAATAGCGTTGTGACTGAGGTAACTG
CGCATCGAATCTACTCAGCGGCGAGGCTATTCAAGTAAGGTTATTITGGGCCA
GCGACTTTACGACCGGAAAACAAGGGTGTTAACTATCAGATAATGGGGCTAC
TGGCACTTGTAGAAATGGGCTAATCGTAGCCTAGGTCGAGTATCGCAAAAAT
AATGACGAGGCTTTGATTTGTGTTGTGTAATATACGATGTATGTATGTATGTA
TTATACTGCACTAATGAATACTGAAAATCGCGTGCCAAAAACAAGCAATGAT
TATCTACGGAATACCGATATTGGTACGCGATCCGCCTACTAATGGCATTTTICT
CACGTCTATATAGAAATAC (SEQ ID NO 3).

1.1.2 Generation of the cyp6gl hair_pin constructs:

For cloning of the inverted repeat cyp6gl sequences, two constructs were
generated: one that encodes a long inverted repeat (the ‘cyp6gl_long’ construct), and one

that encodes a shorter inverted repeat (‘cyp6gl_short’ construct). The cyp6gl gene

. sequence from EMBL:AE003823 is shown below. The cyp6g! gene fragments chosen for

cloning and consequent expression as hairpin RNA molecules were selected to maximise
the probability that only cyp6g1 mRNA was degraded via an RNA interference
mechanism. Other suitable gene fragments may be used, and the skilled man would
recognise that these can be selected by comparing the sequence of the gene of interest (in

this case cyp6gl) with the sequences of other cyp genes and choosing fragments of the
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gene of interest that are ill-conserved amongst the series of cyp genes compared.
Pfeferably the fragments chosen will be unique to the gene of interest.

The cyp6gl genomic DNA sequence may be found in the EMBL database under
the reference:AE003823. The region encoding cyp6g! is shown below (in the 5° to 3’
orientation), with the positions of introns underlined and in lower case and the position of
the start codon and termination codon of the cyp6gl coding sequence are shown in bold
and underlined.
SEQ ID NO 4: .
GCCCCAAGTGCGGTGCGTAGAGCTTTAATTGTCGGTTGTGTACGCGGGTGCTC
AGAATTTATAGATCCAATAAAAGTTTCCTTGAAATTGCTGGACAAACTTGTTG
CGAATTAGGCCAGTTGCAAATAAATTGTGTGACTAAAAAAACCTGTATATTTT
CAAAGTAAGTTATGAAATTCGGTATACAAAATTGTATATTITAATTTGAAAAA
GTGTGATATCCTTGAAAAAACCACACTTAATATGGAATTGAGGGCAACTGTG
AAAATTAAGATTACTTGGTTACTGTTACTGTTACTAAAATAAATAGAGAACTG
GTTTCTAAGAAATATATITTGGACATTTGCTCTATAGAAATAGTAGTCTCATG
TATAATTAATAAAGCTTAGGACGAAATCCTTGCTGGCAAATTTTTAGTGTCAT
ATTTGCTGCCCGAAAAGATTTTCTATTTAGCTTTACAAGCAGCTTAATTGGGT
GTAGATATGGCGGGAATTACTATAAGCGTATCATAAACACTCATTGTAATGCT
CCCTATCATAACTAATTGTAATTCGCGTTGGAATGGAAAAGATAATGCCAGCT
AAAAATAATTAAGACGGCTGATTTAATAAAATCTAGGTAAACATGGGTAGCA
AAACACTCTAGATTGCATTTGAAACCATCGACCGTTTCAAATGCGATCGAGAT
AAGATAATGCTGAGGGCACTGGCATTTGATTAATTGTTTTAGCGATTAATTTC
AGAGTGGCGATACCCATTACATCGACATCCCCAAAATGGTGTTGACCGAGGT
CCTCTTTGTGGTGGTCGCCGCACTGGTGGCGCTCTACACTTGGTTCCAGCGCA
ACCATAGCTACTGGCAACGCAAGGGCATACCCTATATTCCGCCCACGCCGATC
ATTGGCAACACCAAGGTGGTCTTCAAGATGGAGAACTCCTTTGGGATGCACCT
ATCGGAGATATACAATGATCCGCGGCTGAAGGACGAGGCTGTGGTGGGCATC
TACTCCATGAACAAGCCCGGCTTGATAATACGCGACATAGAGCTGATCAAAT
CCATTCTGATCAAGGACTTCAATCGGTTCCACAACCGATACGCCCGCTGCGAT
CCCCATGGCGATCCATTGGGCTATAATAACCTGTTCTTCGTCAGGGATGCCCA
TTGGAAGGGAATTCGCACCAAGCTGACTCCCGTTTTCACCAGCGGCAAGGTC
AAGCAGATGTACACCCTTATGCAGGA ggtaaggatttetgtigaaacttatttatccttatgagggatitaa
catacatatatectotecas ATTGGAAAGGATCTGGAGCTGGCACTGCAGAGGCGTGGAG
AGAAGAACTCTGGGAGTTTCATTACGGAGATTAAGGAGATCTGCGCTCAGTT
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CTCCACGGACAGCATAGCCACGATTGCATTTGGCATTCGTGCTAACAGCCTAG
AGAATCCCAACGCAGAGTTCCGTAACTATGGACGCAAGATGTTCACCTTCAC
CGTAGCGCGTGCCAAGGACTTCTTTGTGGCCTTCTTCCTGCCCAAGCTGGTGT
CGCTGATGCGCATCCAGTTCTTCACGGCGGACTTTTCCCACTTTATGCGCAGC
ACCATTGGTCACGTTATGGAGGAGCGAGAGCGATCGGGCCTGCTCCGCAATG
ATCTCATAGATGTCTTGGTGAGTCTGCGCAAAGAGGCGGCTGCCGAGCCTTCG
AAGCCTCACTATGCCAAGAACCAGGACTTCCTGGTGGCTCAGGCGGGCGTGT
TTTTTACGGCGGGTTTCGAGACCTCCTCCTCGACCATGTCTTTTGCCCTGTACG
AGATGGCCAAGCATCCAGAGATGCAGAAACGCCTGCGCGACGAGATCAACG
AAGCTTTGGTGGAGGGCGGTGGGTCATTGAGCTACGAGAAAATCCAGTCCCT
GGAGTATCTGGCCATGGTGGTGGACGAGGTGCTGCGCATGTATCCGGTGCTG
CCGTTCCTGGACCGCGAGTACGAGAGCGTGGAGGGACAGCCAGACTTGAGCC

' TGAAGCCGTTCTACGACTACACTCTCGAGAACGGAACCCCTGTGTTCATACCC

ATCTATGCACTGCATCA’I‘GATCCAAAthattccatcacattoaﬂaagttcataagccccctcctctaact
atctggttattcctagTACTGGACCAATCCCAGCCAATTCGATCCGGAGCGTTTCTCACC
CGCGAACCGCAAGAACATAGTGGCCATGGCATATCAACCCTTCGGATCTGGG

CCGCACAACTGCATTGGCAGCCGGATTGGCCTGCTACAGAGCAAACTGGGAC

TGGTCAGCCTGCTGAAGAATCACTCAGTGCGCAACTGCGAGGCCACCATGAA

GGACATGAAATTCGATCCCAAGGGTTTCGTGCTCCAGGCAGATGGTGGCATA

CATTTGGAGATAGTCAACGATCGCCTCTACGATCAGAGCGCTCCATCGCTCCA
ATGAATTTGAATC GCATGAACTGTGTGATCTGTATGGATACACATATGGATAC
ATATATGTACATATATGGAATAAGTGATTAGTTGATGGGGCAATCGCCTTCTG
ACAGCTGGCATTTGCCTGACTTATGATGCAGATTATATAATGATAATCCGTGT

GTTAGAAGCGGCGCCTAGAGTCTACTAAATAAAAACAAAATCATTATCAAAT

TACATTTAATCTGCGTGCTGAGCAGCTAGCAGCTACTCAATTGCGCCACCAAT
AAATAAATGCAATAAATGCTATCTTTACGATT

1.1.2a Generation of the “cyp6gl long “hairpin construct:

The cyp6gl_long construct contains inverted repeats of bases 743-2501 of the
cypbgl gene sequence from EMBL:AE003823. This sequence from bases 743-2501 is
shown below (again, intron sequences are shown in lowercase and underlined).
cypbgl_long sequence (SEQ ID NO 5):

5’ AGTGGCGATACCCATTACATCGACATCCCCAAAATGGTGTTGACCGA
GGTCCTCTTTGTGGTGGTCGCCGCACTGGTGGCGCTCTACACTTGGTTCCAGC
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GCAACCATAGCTACTGGCAACGCAAGGGCATACCCTATATTCCGCCCACGCC
GATCATTGGCAACACCAAGGTGGTCTTCAAGATGGAGAACTCCTTTGGGATG
CACCTATCGGAGATATACAATGATCCGCGGCTGAAGGACGAGGCTGTGGTGG
GCATCTACTCCATGAACAAGCCCGGCTTGATAATACGCGACATAGAGCTGAT
CAAATCCATTCTGATCAAGGACTTCAATCGGTTCCACAACCGATACGCCCGCT
GCGATCCCCATGGCGATCCATTGGGCTATAATAACCTGTTCTTCGTCAGGGAT
GCCCATTGGAAGGGAATTCGCACCAAGCTGACTCCCGTTTTCACCAGCGGCA
AGGTCAAGCAGATGTACACCCTTATGCAGGAgg’Laagoatttgtgﬁgaaacttatttatccttagggg
ggatttaacatacatatatgctgggcagATTGGAAAGGATCTGGAGCTGGCACTGCAGAGGCGT
GGAGAGAAGAACTCTGGGAGTTTCATTACGGAGATTAAGGAGATCTGCGCTC
AGTTCTCCACGGACAGCATAGCCACGATTGCATTITGGCATTCGTGCTAACAGC
TAGAGAATCCCAACGCAGAGTTCCGTAACTATGGACGCAAGATGTTCACCTTC
ACCGTAGCGCGTGCCAAGGACTTCTTTGTGGCCTTCTTCCTGCCCAAGCTGGT
GTCGCTGATGCGCATCCAGTTCTTCACGGCGGACTTTTCCCACTTITATGCGCA
GCACCATTGGTCACGTTATGGAGGAGCGAGAGCGATCGGGCCTGCTCCGCAA
TGATCTCATAGATGTCTTGGTGAGTCTGCGCAAAGAGGCGGCTGCCGAGCCTT
CGAAGCCTCACTATGCCAAGAACCAGGACTTCCTGGTGGCTCAGGCGGGCGT
GTTTTTTACGGCGGGTTTCGAGACCTCCTCCTCGACCATGTCTTTTGCCCTGTA
CGAGATGGCCAAGCATCCAGAGATGCAGAAACGCCTGCGCGACGAGATCAAC
GAAGCTTTGGTGGAGGGCGGTGGGTCATTGAGCTACGAGAAAATCCAGTCCC
TGGAGTATCTGGCCATGGTGGTGGACGAGGTGCTGCGCATGTATCCGGTGCTG
CCGTTCCTGGACCGCGAGTACGAGAGCGTGGAGGGACAGCCAGACTTGAGCC
TGAAGCCGTTCTACGACTACACTCTCGAGAACGGAACCCCTGTGTTCATACCC
ATCTATGCACTGCATCATGATCCAAAGgtattccatcacattgagaagttcataageeccctcctetaact
atctesttattcctag TACTGGACCAATCCCAGCCAATTCGATCCGGAGCGTTTCTCACC
CGCGAACCGCAAGAACATAGTGGCCATGGCATATCAACCCTTCGGATCTGGG
CCGCACAACTGCATTGGCAGCCGGATTGGCCTGCTACAGAGCAAACTGGGAC
TGGTCAGCCTGCTGAAGAATCACTCAGTGCGCAACTGCGAGGCCACCATGAA
GGACATGAAATTCGATCCCAAGGGTTTCGTGCTCCAGGCAGATGGTGGCATA
CATTTGGAGATAGTCAACGATCGCCTCTACGATCAGAGCGCTCCATCGCTCCA
ATGAATTTGAATCGCATGAACTGTGTGATC 3’

The Cyp6gl FWD primer (containing a BamH1 and a Xbal restriction site
introduced at the 5’ terminus of the primer: 5° GCGGATCCATTCTAGAAAGTGG
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CGATACCCAT TACATCG 3°-SEQ ID NO 6) and the Cyp6gl_REV primer (containing
a Notl and an EcoR1 restriction sites introduced at the 5° terminus: 5°
TAGAATTCGCGGCCGCGATC ACACAGTTCATGCGATTC 3’ —-SEQ ID NO 7) were
used to PCR-amplify these cyp6g! sequences from the same Canton-S genomic DNA
template described earlier. A Xbal-Notl fragment from this PCR product was cloned
into the corresponding Xbal-Notl sites in the plasmid generated in 1.1.1 above and a

BamH1-EcoR1 fragment from the PCR product was then cloned into the BamH1-EcoR1
sites of the resulting plasmid to give cyp6gl_hp_construct 1 (Figure 1.

1.1.2b Generation of the cyp6gl short hairpin construct:

The cyp6gl_short construct contains inverted repeats of two cypbgl sequences
that are fused together. Bases 743-1162 are fused to bases 2028-2192 of the cyp6gj gene
sequence from EMBL:AE003823. This fused sequence is shown below (SEQ ID NO 8):
5° AGTGGCGATACCCATTACATCGACATCCCCAAAATGGTGTTGACCGAG
GTCCTCTTTGTGGTGGTCGCCGCACTGGTGGCGCTCTACACTTGGTTCCAGCG
CAACCATAGCTACTGGCAACGCAAGGGCATACCCTATATTCCGCCCACGCCG
ATCATTGGCAACACCAAGGTGGTCTTCAAGATGGAGAACTCCTTTGGGATGC
ACCTATCGGAGATATACAATGATCCGCGGCTGAAGGACGAGGCTGTGGTGGG
CATCTACTCCATGAACAAGCCCGGCTTGATAATACGCGACATAGAGCTGATC
AAATCCATTCTGATCAAGGACTTCAATCGGTTCCACAACCGATACGCCCGCTG
CGATCCCCATGGCGATCCATTGGGCTATAATAACCTGTTCTTCGTCAGGGATG
CCCATGAAGCCGTITCTACGACTACACTCTCGAGAACGGAACCCCTGTGTTCAT
ACCCATCTATGCACTGCATCATGATCCAAAGGTATTCCATCACATTGAGAAGT
TCATAAGCCCCCTCCTCTAACTATCTGGTTATTCCTAGTACTGGACCAATCCCA

GCCAATTCGA 3’

The fusion sequence was generated by a 2-step PCR method. First the two
sequences were separately PCR-amplified from the Canton-S template DNA. The primer
pairs used for this reaction are Cyp6gI_FWD and Bridge RE V(e
CGTAGAACGGCTTCATGGGCATCCCTGACGAAGAACA 3’ - SEQ ID NO 9),
which PCR-amplified bases 743-1162 of the cyp6g! gene sequence from
EMBL:AE003823. The primer pairs used for the other reaction are Cyp6gI_REV and
Bridge FWD (5’ CGTCAGGGATGCCCATGAAGCCGTTCTACGACTACAC 3’ —
SEQ ID NO 10), which PCR-amplified bases 2028-2192 of the cyp6gl gene sequence
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from EMBL:AE003823. In the next step, equimolar amounts of the two PCR products
from these reactions were mixed together and used as the template DNA for a further
PCR amplification reaction. PCR amplification from this mixed template, using primers
Cyp6gl_FWD and Cyp6gl_REV, generated a fusion DNA sequence: bases 743-1162
were fused to bases 2028-2192 of the cyp6gl gene. This occured because the primers
Bridge FWD and Bridge REV contain complementary sequences at their 5’ en&s, thus
permitting annealing of the two original PCR products.

From the resulting fusion PCR product, the Xbal-Notl fragment was isolated and
cloned into the corresponding Xbal-Notl1 sites in the plasmid generated in 1.1.1 above,
using standard restriction enzyme mediated cloning methodss The BamH1-EcoR1
fragment from this PCR product was then cloned into the BamH1-EcoR1 sites of the

resulting plasmid.

1.1.3. Generation of the cyp6a2 hairpin constructs:

Constructs for cyp6a2 (cyp6a2_long and cyp6a2_short) were generated, using the same
cloning strategy as described for the cyp6g! constructs above.

The genomic cyp6a2 gene sequence shown below was generated from sequences
in the EMBL database: sequence from EMBL Accession No:AE003790 and cDNA
sequence from EMBL Accession No. DMU78088. Intron sequences are shown in lower
case and are underlined and the start codon and termination codon of the cyp6a2 coding
sequence are shown in bold and underlined.

SEQID NO 11:

5’ GATCTTGTGTTGTACATTAGCACTGATTTCTGAAAATAAAACGAGATA
AGGCAACAAACTAAATTTATTAGTCATTTTAAATGTTGGTGTGACATGTAGAT
TTAACTACGCGACATTGCTTTCGAATGAATACATTTTAATCACATATATGCTA
AATATAATTTAACACAGCACAGTTGATGTGTT GTTTCCAAATGAGCAATAAAA
CCCGATGCGATTATAATGTTTAAAACCAACCGCGACCAGTTTAACGACAATCA
AGTTATCTACTGTTTATATTTTGATCGTCATTCAAACAGTGAAGCGTTTAAATA
GCTCTTAGAAAGAGTTATTGGTTCTCCCAGCGAATTCATTCGTTTTATCGCCGT
GGAACACCAAACATTA‘ACGTTGTAGTGGGGTGCTAATTACTGAAATAAATGG
GTGACATTTTAAATGTGTATGTCCGTGTATGTATTTATCTACGGGAAATTATGT
CATTAACAATTTCATGCGATAATGTTCGCTCCGATTCCCAAGGCTTAAAAACT
CATTTAATTATATTTGCTCTGTTTTCTAATAAATATTGAATCGCATAGGAGAA
AAACCTTTATGAGCCTTAACCAGCTTGTTTAATAACAATCTTGTAATCGTTTGT
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TTGCATGTAGATCCACTGCAATAGAACAGTAGAACATCAAGAGAATATCTCTT
ATGTCAAATCTTGAATCTCTCATAAAAAGCAAAAGAGCTTGGTGTTGTCGCTG
ATAATGAAAGCTAGATGGAACGCTCGGCTATCAAATACCCATTACTTAAACA
CCTTTACCTTTAGTTACAAGTGGGATCGTCCTGTACATTTGAAGCTACTTTGAA
TGACCGTGTCATTGCGTTTTTATAGTAATACAATGATTTGATACATTTTCCGCA
TATCGATGTGTATTTACCATTTAATGCTACCTCTACTTTTCGCACATGCCGAGC
TTATAAATGAGTGATAAAACCTGATGGGACACTTTTTACCCAAGCACCAACCG
GTTTGTTTAACAACAATCTCGTTATCATTTGTTTATATTTTGATTCGCGAGCAT
TTTTGCAGTCAAGCGTATGAGTATCTCTTTGAAAGTGCTCTTAAATCGGTTTG
AAAAGTGCCTGCATATTATCGCCGAGTCTGTAATCATGACAACAACTTAAAA
GTAGTAGTCATGGTGATAGAAATATTTAGCTAGCTAGCTCACATGCTGTCATG
CCTGTGCGTCGCAGGGGAATCTTATAAAAAGTGTGCGAACATATTGTGGTGAT
CAGTAATTCGTCGTAGGTCGAGCACGACGATTGCGAAAAGGGAGCAGCTACG
CAAAA’_I_‘QTTTGTTCTAATATACCTGTTGATCGCGATCTCCTCGCTTTTGGCCTA
CTTGTACCACCGCAACTTCAACTACTGGAATCGCCGCGGCGTGCCACACGALge
tcctcacceactgtatggeaacatggtegggticcggaagaaccgggtgatgeac gacticttctacGACTACTACAA
CAAGTACCGGAAGAGCGGCTTTCCCTTCGTGGGCTTTTACTTTCTGCACAAGC
CGGCCGCCTTCATCGTGGACACCCAGCTGGCCAAGAACATCCTGATCAAGGA
TTTCTCGAACTTTGCCGATCGTGGCCAGTTTCACAACGGGCGCGACGACCCGC
TCACGCAGCACCTGTTCAACCTGGACGGAAAGAAGTGGAAGGACATGCGCCA
GAGGCTGACGCCGACTTTCACCTCGGGCAAGATGAAGTTCATGTTCCCGACG
GTGATCAAGGTGTCTGAGGAGTTCGTCAAGGTGATCACGGAGCAGGTGCCCG
CCGCCCAGAACGGCGCTGTGCTCGAGATCAAGGAGCTGATGGCCAGGTTCAC
CACCGATGTGATTGGCACCTGTCGCTTCGGCATTGAGTGTAACACGCTGCGCA
CCCCTGTCAGTGATTTCCGCACCATGGGACAGAAGGTGTTCACCGATATGCGC
CACGGGAAACTGCTGACCATGTTCGTGTTCAGCTTTCCCAAGCTGGCCAGCAG
GTTGAGAATGCGCATGATGCCCGAGGACGTCCACCAGTITCTTCATGCGCCTGG
TCAACGACACGATTGCCCTCAGGGAGCGGGAGAACTTCAAGAGGAACGACTT
CATGAACCTGCTGATTGAACTGAAGCAGAAGGGGCGCGTCACCCTGGACAAC
GGAGAGGTGATCGAGGGCATGGACATCGGCGAACTGGCCGCCCAGGTGTTCG
TCTTITATGTGGCCGGATTTGAGACCTCCTCCTCGACAATGAGTTACTGCCTGT
ATGAGTTGGCTCAGAATCAGGACATTCAGGACAGGCTGCGCAACGAGATCCA
AACGGTGCTGGAGGAACAGGAGGGGCAGCTAACGTACGAATCCATCAAAGC
CATGACCTACTTGAACCAGGTCATCTCAGGTAGGTGTTCTGTCTGAAGCACAG
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CCCCAAGAGGGATTGTAACTGGTTTTACCCAACATTGCTCTTCAGAAACCCTG
AGGCTCTACACACTGGTGCCCCACCTCGAACGGAAGGCCCTCAACGACTACG
TGGTGCbGGGCCATGAAAAGCTTGTGATTGAGAAGGGCACACAGGTCATAAT
CCCCGCTTGCGCCTACCACCGCGACGAGGATCTTTATCCGAATCCGGAGACCT
TTGATCCGGAGCGCTTCTCGCCGGAGAAAGTGGCCGCCCGGGAGTCCGTGGA
GTGGCTGCCCTTCGGCGACGGGCCGCGGAACTGCATCGGGATGCGGTTTGGA
CAAATGCAGGCTCGCATCGGTTTGGCTCAGATCATCAGCCGGTTCAGGGTATC
CGTCTGCGATACGACAGAGATCCCACTGAAGTATAGTCCCATGTCCATAGTTT
TGGGCACCGTTGGGGGCATCTACTTGCGAGTGGAACGCATCTAACCTCCATAT
TCGTTGCTCCCATGTATATAGCTTAGGATCCAAAGCTAAAGTGATGTACATTT
TAGACTGTTCAATTATTAAATAACCTTAACCTAAACAGCCATATTAACTTATT
GGCCTGTGATAAATCACTTATGTTCACAGTTTAGAAGATCTAATTGTCTACCA
GTTAGATGCATTCAGGCAAATGTTGTTCCCATCAGATTTGCAGGTTCATAAAT
TGCATTCGGCTTAAGTTGCAACATGCCAC GCGAATCGCCACCTGACTAGTCAT
AATGTTGTTAGAGTCAATGACTTTCCTCTGTATAGCTGAGCGAAAATAATTAC
TATTCCCAGACGCTCTAATGTTTTGCATACCTCATGCCACACTCGTTAGGTTGC
TCAACCGTAGCAGCGAAAACCCCAAATTAAAATATGGTGCTGAAGCATGCAA
CACGAGTCGGCTAATTGAGGTAAGCCCTACCTGAAAAGAAATAATGACTTTA
CCACGTCGAACTGTTCGCAAATGTCAATGCCTCGGCCAGACTATGAGATAACT
TTTACGGATTAGTCACTGATTGGTTCGCCCGCTTATCATAGATTTTTTTGGTGA
TATCGTATAATGTAGCTGAATTATTAAATAACACTGCTTTTGTTCGTGTATTCA
AAAACAAGATAGTAATATACTTGAGGGCAGCTATTAGATTCTATTAAATACCT
GTTGTCAAGTCTCAACTTTCTAGCTTTTATGGTTCCCGGATATCTCGACTTTCA
CACGAACGAACGGACAAACGGACAAACGGACAAACGGACAGACGGACAGAC
GGACATAACGGACAGACAGACATCGAGACGGGCATGGCTAGATCGTCTGGGC
TAGTTAGCACGAACAAGAACTATAGTTGTCAGCACTTGACTTTTGTTTTATTT
ATTCTCAATGGCAAACGTAGTAGTATATTTCTTATTTTAGCTGGAAACTGTTIT
CATTTCCAGAACTTTATTCGTTTAGTGTACGATTGAGTGATTTAAGTTTCCGGT
CAATGACGCTAAGCAGTCTGTCTAGTTCATTCTAAAGAATAATTTATATTTAG
CAATGTGAGTACAATCGAACTTATTGAAGTTGAAAGCAAACAACTAATTAAT
TCGAGAATTGAAAATTTCTTGTATAAATTTCAAACTTTAAATACATTTITATGT
ATGTATATTCTACTTTTTGGGCTGGCTTGTAACGCGGAAATTGGAACAGTCAT
TTAAAATGTATTTTATGCCCCTCCGGATTAATAGTATCCCATCTTATTTITAATT
ATGCTGGTAGGGAAATGTTTATCTAACGTCAGCGGCGCATGCAACGCGTGGA
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AATTGAGGCAAGTGTCTAAAGGTGGGAAAATCGGGGGCGTGTAAATTGTGCT
CTGTAATGGGCGTGAATCTAACGGTTATGGGAACACAAAATGTAGTTTGATA
AAACTAATTATATACTCTCTTATTGGCACTAGCTCATCATCCGGTAATAGACA
CGTTTTATGAACCTATAGCCGGATTAAAAACCACAAACAAGTGAATATTTTCC
AATTAATAACTGATGGCCTAATTATCATAATTAATTAAACAAATAACGTAGTC
AGTGATTTATTCAAACCGCGCGAATGCCGTAAGCAAATAGTTTTTCTGAATGA
AATATGTGATACTTGTATCTGGCGGATACACGCTGCCTGAGCATACAACGCTC
GGTTTTCTAAGCATTCGAGAATCTTGACTTGGCCTGGCACTTGGCCCTACCTTC
GCCGTGGGAGGGCGAACTAAATTTAATTACTAGCCCGCAAGAAACAAGTGCG
GCTAAACAAAAAACAAGTGCAAAACCACCGACATGAAGATAAAGCATAACT
GAAATAAAAGTGTCAAGGTTGTTCAACCCAAGCCACAAAGCATTTCGACTGT
TTAAAGCCGCAACTTTAAGGTTGTTTGGCCCGAAAACTTTCAATTCCCAACCA
GCAGCATCTCATCTGAAATTCCATTAGCCCCAGCACCATCAAAGCAAGAAGC
ACGCATCGCCATCGCCCAAAGTTAAGTCCACATCCTITGTTTGCCCAACTGAAT
TGGAACGAGTGCTGCAATGCGAGACCAACTGCAGCGGCATCAAATGTTGCAG
CAACAGCAGAAGCAGCAGCAATTGCAACTGCGACGGACGGAAGCGTGCTCAT
ATGTGCGTAAATAGTTTGTCAAGCGCGCCAGTGAACAAAAAGTCGACTTGGA
CGTGGGATACTGGACATTTGGCCAAAAACAATGCCGTGGGTGCATGTGGCAT
GGCCAGGGACAGGGCTTAGGTTTCACCGCCACTATCGCTATCGCTATTGCCTT
AGCTGTGGGCATGGATACGGGCATGTCCGCCGACATGGATATGCCCATGGAC
ATGGCCACGGTCTGCGCCCGGAACTTTTGCGCGGATTAATTGCATGCACCAAG
CGTCACCAAAGTCTGCCATGCCACCGTATCGGGATGAGCGCTGCCTCACTGCT
GCACACCGAATTTAAAATGGCCTTTGTATCACTTATGTTTAGTTTGCTAAAGTT
TAACGAAAGTTTATTTATTTTTGAACTCCCTTGAACGTTCATTCCAAGTTCCGA
CCTATGAGTGTAAGAAAAGAGTAGTTCCGTCACTCCCTGTTACATAAATCACT
CCCATTTTCGGATTCCATTCTAGATAGCTAATATTTGGCAGTCACTTATTTGAC
ACATGTGGTCAATTGAGCTGTCATCGCACAGAGCGTTCCAATTTAACCGTCCA
ACCTAGCTTGCTGCTGCTGCTGATGTTGCAGGTGTTGCTGTTGCTGTTGGCCAC
ACTCGAG 3’

1.1.3a Generation of the cyp6a2 long hairpin construct:

For generating the cyp6a2_long construct, primers were ciesiglned as for

cyp6gl_long cloning, with the corresponding restriction sites added to the 5 termini of
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the primers to facilitate cloning. Constructs were then generated for cyp6a2 in the same
way as described above for cyp6gl.

The cyp6a2_long sequence cloned from bases 1306 - 2952 of the cyp6a2 gene
sequence given above is:
5 CGAAAAGGGAGCAGCTACGCAAAATGTTTGTTCTAATATACCTGTTGA
TCGCGATCTCCTCGCTTTTGGCCTACTTGTACCACCGCAACTTCAACTACTGGA
ATCGCCGCGGCGTGCCACACGATGCTCCTCACCCACTGTATGGCAACATGGTC
GGGTTCCGGAAGAACCGGGTGATGCACGACTTCTTCTACGACTACTACAACA
AGTACCGGAAGAGCGGCTTTCCCTTCGTGGGCTTTTACTTTCTGCACAAGCCG
GCCGCCTTCATCGTGGACACCCAGCTGGCCAAGAACATCCTGATCAAGGATTT
CTCGAACTTTGCCGATCGTGGCCAGTTTCACAACGGGCGCGACGACCCGCTCA
CGCAGCACCTGTTCAACCTGGACGGAAAGAAGTGGAAGGACATGCGCCAGAG
GCTGACGCCGACTTTCACCTCGGGCAAGATGAAGTTCATGTTCCCGACGGTGA
TCAAGGTGTCTGAGGAGTTCGTCAAGGTGATCACGGAGCAGGTGCCCGCCGC
CCAGAACGGCGCTGTGCTCGAGATCAAGGAGCTGATGGCCAGGTTCACCACC
GATGTGATTGGCACCTGTGCCTTCGGCATTGAGTGTAACACGCTGCGCACCCC
TGTCAGTGATTTCCGCACCATGGGACAGAAGGTGTTCACCGATATGCGCCACG
GGAAACTGCTGACCATGTTCGTGTTCAGCTTTCCCAAGCTGGCCAGCAGGTTG
AGAATGCGCATGATGCCCGAGGACGTCCACCAGTTCTTCATGCGCCTGGTCAA
CGACACGATTGCCCTCAGGGAGCGGGAGAACTTCAAGAGGAACGACTTCATG
AACCTGCTGATTGAACTGAAGCAGAAGGGGCGCGTCACCCTGGACAACGGAG
AGGTGATCGAGGGCATGGACATCGGCGAACTGGCCGCCCAGGTGTTCGTCTT
TTATGTGGCCGGATTTGAGACCTCCTCCTCGACAATGAGTTACTGCCTGTATG
AGTTGGCTCAGAATCAGGACATTCAGGACAGGCTGCGCAACGAGATCCAAAC
GGTGCTGGAGGAACAGGAGGGGCAGCTAACGTACGAATCCATCAAAGCCATG
ACCTACTTGAACCAGGTCATCTCAGGTAGGTGTTCTGTCTGAAGCACAGCTCC
AAGAGGGATTGTAACTGGTTTTACCCAACATTGCTCTTCAGAAACCCTGAGGC
TCTACACACTGGTGCCCCACCTCGAACGGAAGGCCCTCAACGACTACGTGGT
GCCGGGCCATGAAAAGCTTGTGATTGAGAAGGGCACACAGGTCATAATCCCC
GCTTGCGCCTACCACCGCGACGAGGATCTTTATCCGAATCCGGAGACCTTTGA
TCCGGAGCGCTTCTCGCCGGAGAAAGTGGCCGCCCGGGAGTCCGTGGAGTGG
CTGCCCTTCGGCGACGGGCCGCGGAACTGCATCGGGATGCGGTTTGGACAAA
TGCAGGCTCGCATCGGTTTGGCTCAGATCATCAGCCGGTTCAGGGTATCCGTC
TGCGATACGACAGAGATCCCACTGAAGTATAGTCCCATGTCCATAGTTTTGGG
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CACCGTTGGGGGCATCTACTTGCGAGTGGAACGCATCTAACCTCCATATTCGT
TGCTCCCATGTATATAGCTTA 3’ (SEQID NO 12). '

1.1.3b _Generation of the cyp6a2_short hairpin construct:
For generation of the cyp6a2_short construct, primers were designed as for

* cyp6gl_short cloning, with the corresponding restriction sites added to the 5° termini of

the FWD and REV primers to facilitate cioning. Internal ‘BRIDGE’ primers were also
used to facilitate fusion of the two primary PCR templates, thus creating the chimeric
template for the second PCR. Constructs were then generated as described above with
respect to the cyp6gl_short construct.

The cyp6a2_short sequence that was cloned comprises bases 1306 - 1718 fused to
bases 2780 -- 2952 of the cyp6a2 gene sequence given above. The cyp6a2_ short
sequence is:

5’ CGAAAAGGGAGCAGCTACGCAAAATGTTTGTTCTAATATACCTGTTG
ATCGCGATCTCCTCGCTTTTGGCCTACTTGTACCACCGCAACTTCAACTACTGG
AATCGCCGCGGCGTGCCACACGATGCTCCTCACCCACTGTATGGCAACATGGT
CGGGTTCCGGAAGAACCGGGTGATGCACGACTTCTTCTACGACTACTACAAC
AAGTACCGGAAGAGCGGCTTTCCCTTCGTGGGCTTTTACTTTCTGCACAAGCC
GGCCGCCTTCATCGTGGACACCCAGCTGGCCAAGAACATCCTGATCAAGGAT
TTCTCGAACTTTGCCGATCGTGGCCAGTTTCACAACGGGCGCGACGACCCGCT
CACGCAGCACCTGTTCAACCTGGACGGAAAGAAGTGGAAGGACATGCGCTCG
CATCGGTTTGGCTCAGATCATCAGCCGGTTCAGGGTATCCGTCTGCGATACGA
CAGAGATCCCACTGAAGTATAGTCCCATGTCCATAGTTTTGGGCACCGTTGGG
GGCATCTACTTGCGAGTGGAACGCATCTAACCTCCATATTCGTTGCTCCCATG
TATATAGCTTA 3’ (SEQ ID NO 13).

1.2_Site-specific recombinase mediated cloning
In an alternative cloning strategy, site-specific phage recombinase mediated

cloning (using Invitrogen’s Gateway technology) was used. The pB-UGIR w+ vector
(Genbank AY196824) is particularly suitable for use in this method as it has been
engineered to contain recombinase target sites that allow recombination of inverted
repeats into the vector.

The insert sequences for the selected cyp genes were PCR amplified as described

above, using primers containing the appropriate recombinase target site sequences to
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facilitate recombinase-mediated cloning into ENTRY vectors (Invitrogen). Then, in a
single step, these ENTRY-derived plasmids were mixed with the pB-UGIR w+ vector,
and the desired constructs were generated via recombinase-mediated cloning following
the manufacturer’s protocols.

Figure 2 shows how the ¢yp sequence inserts are cloned in the tail-to-tail
orientation using the pB-UGIR w+ vector (the example shown is for the cyp6gl/
construct).

Example 2 Transformation of D. melanogaster and generation of transgenic flies

Dropsophila melanogaster w!!® embryos (Bloomington stock centre, stock No.
6326) were transfonned according to Spradling,A.C. and Rubin,G.M (1982, Science
218:341-347). Briefly, the DNA plasmids for transformation were prepared using a
Qiagen Midi kit. Each transformation construct was then co-precipitated and resuspended
into injection buffer (5 mM KCl, 0.1 mM NaH,PO4, pH 6.8) at a qoncentration of 0.5-1
ug/pl, together with the piggyBac helper plasmid (pBlu-uTp, Genbank AY196821) at a
concentration of 0.1 pg/pl. Embryos were injected prior to pole cell formation; thus 0-30
min old w'/® embryos were collected, dechorionated and dessicated, and then lined up on
glass slides covered with double-sided sticky tape to hold the embryos in place. The
embryos were covered with a minimal amount of halocarbon oil, and microinjected
posteriorly with the transformation construct and helper plasmid mix. The injected
embryos were then incubated at 25°C, and any hatching larvae were recovered and
transferred to standard diet. Adults emerging from these larvae were then crossed to wlié
adults, and stable transformants were selected from their progeny (expressing the mini-w+
marker for transformation). Several independent transgenic flies per injected construct
were isolated, and stocks of these transgenic flies were established. Transgenics were also
confirmed by PCR amplification of sequences specific to the transformation plasmids.

For each cyp6gl construct, one transgenic line is described in further detail: line
hp_1 which is a transgenic line derived from the ‘cyp6gl_short’ construct, line hp 2

which is a transgenic line deriving from the ‘cyp6gl_long’ construct.
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Example 3 Induction of expression of the cyp hairpin RNA molecules using a binary
component system

The transgenic flies generated in Example 2 comprise the cyp6gl- or cypba2-
specific hairpin RNA molecules, and the expression of these hairpin molecules is under
the control of an inducible promoter. Induction of hairpin expression mediates the
degradation of the corresponding endogenous mRNAs through an RNA interference
(RNAi) mechanism. As expression of the hairpin molecules is under control of an
inducible promoter, an inducing agent is provided to effect the RNAI in these flies. This
inducing agent is provided from another transgenié line by means of a genetic cross that
brings together the inducing agent and the inducible transgene (i.e. in this case the hairpin
molecule) into the same individual flies.

In this type of binary component system, the yeast GAL4 protein acts as a
transcriptional regulator and thus as an inducing agent; it binds to UAS promoter
seciuences and activates the expression of any sequences encoded downstream of this
promoter, thus rendering the expression of such sequences inducible by the GAL4 protein
(Brand,A.H & Perrimon,N 1993, Development 118:401-415). A

This binary system is applied by a genetic cross, between (a) a transgenic fly line
that encodes for the transcription factor (GAL4), and (b) the transgenic fly line that
contains the UAS promoter encoded upstream of the cloned cyp inverted repeat sequences
(e.g. ahp_1 or hp_2 transgenic fly).

A proportion of the progeny from such a cross will express both the GAL4 protein
as well as the hairpin molecule (via GAL4 regulation), and express double-stranded (ds)
RNA corresponding to partial cyp sequences encoded by the hairpin (e.g partial cyp6gl or
cyp6a2 sequences). These dsSRNA molecules then mediate degradation of the endogenous
mRNA transcripts for cyp6g! and cyp6a2, via an RNAi mechanism. The result is that the
amount of endogenous mRNA transcripts for cyp6g! and cyp6a2 are depleted. This
effects a reduced level of expression of the specific cyp gene (e.g. cyp6g! or cyp6a?2) and
the product thereof, and a knockdown or knockout of cyp gene function is thus observed.

The GAL4-expressing transgenic fly line used herein was obtained from the
Bloomington stock centre (supra) and is described by the genotype: y[1] w[*/ %
P{w[+mC]=Act5C-GAL4}25F01/CyO, y[+] (Bloomington stock number 4414). The
transgenic fly lines comprising cyp inverted repeat regions (line hp_1,which is a

transgenic line derived from the ‘cyp6gl_short’ construct and line hp 2, which is a
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transgenic line deriving from the ‘cyp6gl_long’ construct) were crossed with the GAL-4-
expressing transgenic fly line.

The resulting F1 progeny were selected for those that carried both the GAI4 and
the cyp6gl_long or cyp6gl_short transgenes. The F1 progeny from the cross between the
GAL4 and hp 1 transgenic lines are referred to herein as act-gal4/hp_1 flies, and
similarly the F1 progeny from the cross between the GAL4 and hp_2 transgenic lines are
referred to herein as act-gald/+; hp_2/+ flies. These act-gal4/hp_l and act-gald/+;

hp_2/+ flies had no obvious morphological phenotype and were viable.

Example 4 Validation of the mRNA depletion effect (due to RNAi) at the molecular
level:

The cyp6gl or cyp6a2 mRNA depletion in these F1 flies was measured at the
molecular level, using a Quantitative reverse transcription-polymerase chain reaction (Q-
RT-PCR) to measure the amount of cyp6gl and cyp6a2 mRNA present in these flies
compared to wild-type or other suitable control flies.

Q-RT-PCR amplification of mRNA was carried out on pools of these act-
gal4/hp_1 or act-gald/+; hp_2/+ flies (between ten to twenty, 0-3 day old, adults were
used). The control flies used were Canton-S. The expression of cyp6gl was also
monitored in a population of Hikone-R flies (Bloomington stock number 4267). Hikone-R
flies exhibit resistance to some insecticides and this resistance is thought to be due to
overexpression of cyp6gl in this non-transgenic strain (Dabomn P, Boundy S, Yen J,
Pittendrigh B, ffrench-Constant R. Mol Genet Genomics. 2001 Dec; 266(4):556-63). The

reference endogenous RNA sample used for relative quantitation was RpL32.

The primers and Tagman probes used for this mMRNA detection assay were:
Cyp6g1 Q-PCR assay
Cyp6gl_fwd_primer 5> CCTGGACCGCGAGTACGA 3’ (SEQID NO'14)
Cyp6gl_rev_primer 5> GCTGGGATTGGTCCAGTACTTT 3’ (SEQ ID NO 15)
Cyp6gl_tagman_probe 5> CAGCCAGACTTGAGCCTGAAGCCG 3’ (SEQ IDNO
16)

Cyp6a2 Q-PCR assay
Cyp6a2_fwd_primer 5° TCATCTCAGAAACCCTGAGGC 3’ (SEQ ID NO 17)
Cyp6a2_rev_primer 5° GACCTGTGTGCCCTTCTCAATC 3’ (SEQ ID NO 18)
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Cyp6a2_tagman_probe 5? ACGACTACGTGGTGGCCGGGCC 3’ (SEQID NO
19)

RpL32 Q-PCR assay

RpL32_fwd_primer 5’ GATATGCTAAGCTGTCGCACAAAT 3’ (SEQ ID NO
20) :

RpL32_rev_primer 5> GGCATCAGATACTGTCCCTTGAA 3’ (SEQ ID NO
21)

RpL32_tagman_probe 5° CGCAAGCCCAAGGGTATCGACAAC 3’ (SEQ ID
NO 22)

For the F1 progeny that were generated as described above, the assays showed that
overall cyp6gl expression was reduced (in comparison to the Canton-S wild-type flies),
ranging from approximately 5-fold in the act-gal4;hp_1 flies, to approximately 100-fold
in the act-gald/+; hp_2/+ flies. In comparison, cyp6gl expression in the population of
Hikone-R, was found by this method to be approximately 16-fold higher than in the
Canton-S control flies.

These results confirmed that there is indeed a knockdown of cyp6gl expression in
the F1 progeny of act-gal4;hp_I flies and act-gal4/+; hp_2/+ flies.

Similar genetic crosses and Q-RT-PCR assays were carried out to validate the
cyp6a2 knockdown by RNAI, using the transgenic fly lines that were generated to
inducibly express hairpin molecules corresponding to cyp6a2 sequences. These similarly

showed successful reduction of cyp6a2 mRNA levels.

Example 5 Susceptibility of transgenic lines to known insecticides
5.1 Bioassays:

The susceptibility of the transgenic D. melanogaster to known insecticides was
assessed by bioassay as follows. A 5% sucrose: 1% agar mix was prepared and 0.75 mls
poured into each well of a 24-well plate, and allowed to set. The test chemical
(imidacloprid or fipronil) was dissolved in a suitable ethanol-acetone based solvent
system to the dilutions required.

The dilutions used ranged from 0 to 20,000 ppm. 20 pl of a single dilution was

spread uniformly on the surface of the sucrose-agar base in a well. By applying the
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dilution series to consecutive wells in a plate, a dose range of the chemical was created.
At least 3 replicate wells of each dose were made. The control wells contained the
formulation solution only, applied similarly to the surface of the sucrose-agar base.

10 (0-3 day old) adult flies of the appropriate genotype were added to each well,
after the applied chemical solution has dried. At least 3 replicates per genotype and per
dose were included. The plates were sealed with a breatheable film, and incubated under
normal culture conditions (25°C, 70-75% humidity).

The effects on the flies were monitored for up to 6 days by scoring for mortality of
the flies in the wells. Any other phenotypic effects were also assessed. Comparisons
between different genotypes were carried out on data from assessments that were
performed contemporaneously and by the same assessor.

Bioassays were carried out as described above, using Hikone-R flies as the cyp6gl
overexpressing sﬁain, Canton-S as the wild-type flies expressing normal levels of cyp6gl,

and act-gal4/hp_I and act-gal4/+; hp_2/+ as the cyp6gl underexpressing strains.

5.2 Bioassay results
Overexpression of cyp6gl in Drosophila has been correlated to, or shown to

confer, resistance to some insecticides (Daborn P, et al. Mol Genet Genomics. 2001 Dec;
266(4):556-63; Dabom,P.J. et al (2002) Science 297:2253-2256). The insecticide
imidacloprid contains a potential P450-labile site, and has been used in the example here
to demonstrate the model for how cyp6gl underexpressing strains can be used for
chemical lead investigation. Fipronil was selected as the ‘control’ chemical for the
experiment. Fipronil is also an insecticide but its activity is not reduced by P450-mediated
metabolism. It was included to determine if any increased susceptibility to imidacloprid
in the underexpressing strains could be due a non-imidacloprid-specific effect in these
flies.

The bioassays were set up as described earlier, using the 4 fly strains listed above.
The mortality and any other effects on the flies were assessed for up to 6 days, and the
data recorded. The results demonstrate that the underexpressing strains show increased
susceptibility to imidacloprid in comparison to wild-type and overexpressing strains

(Canton-S and Hikone-R respectively) (see Tables 1 and 2 and Figure 3).
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Table 1 LCs, values for test compounds Results of two tests with Imidacloprid
(A & B) are compared with Fipronil (C) as a control. The 95% confidence levels
are given in brackets. '

LCso
Drosophila Line A B C
Hikone-R 5301 (4155-6791) 6799 (5444-8526)  0.557 (0.436-0.711)
Canton-S 732 (574-931) 554 (444-690) 0.567 (0.444-0.723)
act-gal4/hp_1 537 (422-684) 386 (310-480) 0.718 (0.564-0.916)
act-gald4/+; hp_2/+ 264 (208-337) 217 (174-270) 0.477 (0.373-0.610)

Table 2 Relative Tolerance of Drosophila lines to Imidacloprid (A & B) or
Fipronil (C) in comparison to the tolerance of Canton S. The 95% confidence

levels are given in brackets.

A B C
Hikone-R 7.25 (5.15-10.26) 12.27 (8.08-16.86) _ 0.98 (0.70-1.39)
act-gald/hp_1 0.73 (0.52-1.04) 0.70 (0.51-0.95) 1.27 (0.90-1.79)

act-gald/+; hp 2/+ 0.36 (0.26-0.51) 0.39 (0.29-0.53) 0.84 (0.59-1.19)
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CLAIMS

A transgenic insect or insect cell, wherein the level of expression of a P450 gene
has been reduced relative to the level of expression of said P450 gene in a non-

transgenic insect or insect cell,

A transgenic insect or insect cell according to claim 1 wherein the P450 gene is
selected from the group consisting of the 90 known cyp genes from D.

melanogaster and homologues thereof.

A transgenic insect or insect cell according to claim 1 or claim 2 wherein the P450
gene is selected from the group consisting of the cyp6 genes from D. melanogaster

or homologues thereof.

A transgenic insect or insect cell according to any one of the preceding claims

wherein the P450 gene is cyp6g! or cypbal.

A transgenic insect or insect cell according to any one of the preceding claims
wherein the transgenic insect or insect cell is selected from the group of insects
consisting of: Drosophila sp., Bombyx mori, Tribolium castaneum, Aedes aegyptii,
Anopheles gambiae, Anopheles albimanus, Anopheles stephensi, Ceratitis
capitata, Pectinophora gossypiella, Helicoverpa zea, Bactrocera dorsalis,

Anastrepha suspense, Musca domestica, Stomoxys calcitrans, and Lucilia cuprina

A transgenic insect or insect cell according to claim 5 which is or comes from a

species of Drosophila.

A transgenic insect or insect cell according to claim 6 which is or comes from

D. melanogaster.

A transgenic insect or insect cell according to any one of the preceding claims

wherein the level of expression of the P450 gene has been reduced through RNAi.
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A transgenic insect or insect cell according to any one of claims 1 to 7 wherein the
level of expression of the P450 gene has been reduced through insertional

mutagenesis.

A transgenic insect or insect cell according to any one of claims 1-7 wherein the
level of expression of the P450 gene has been reduced through homologous

recombination.

A DNA construct comprising a first DNA sequence encoding a fragment of an
insect P450 gene and a second DNA sequence which is the reverse complement of
the first DNA sequence, wherein the first and second DNA sequences are present
on the same strand of DNA and are operably linked to a promoter region and

optionally a terminator region.

A DNA construct according to claim 11 wherein the first and second DNA
sequences are separated by a third DNA sequence which acts a spacer sequence

between the first and second DNA sequences.

A DNA construct according to claim 10 or claim 11 wherein the insect P450 gene
is selected from the group consisting of the cyp6 genes from D. melanogaster or

homologues thereof.

A DNA construct according to claim 13 wherein the insect P450 gene is cyp6gl or
cypbal.

A DNA construct according to claim 14 which comprises SEQ ID NO 5, SEQ ID
NO 8, SEQ ID NO 12 or SEQ ID NO 13.

A method of producing a transgenic insect as defined in any one of claims 1-8,

which comprises:

(1) transforming a first insect with a first DNA construct according to any one
of claims 11 to 15 wherein the promoter region comprises an inducible

promoter;
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19.

18.
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(i)  transforming a second insect with a second DNA construct encoding a
protein that is capable of inducing expression from the inducible promoter
in the first DNA construct;

(iii)  crossing the transformed insects resulting from steps (i) and (ii) to obtain
progeny;

wherein a population of the progeny resulting from step (iii) comprises both the

first and the second DNA constructs and when the protein encoded in the second

DNA construct is expressed, the level of expression of the P450 gene is reduced in

said population of the progeny relative to the level of expression of the P450 gene

in a non-transgenic insect.

A method of producing a transgenic as defined in any one of claims 1-8, which

comprises:

D transforming a first insect with a first DNA construct according to any one
of claims 11 to 15 wherein the promoter region comprises an inducible
promoter; and,

(i)  crossing the transformed insect resulting from step (i) with an insect that
expresses an inducing protein that is capable of inducing expression from
the inducible promoter in the first DNA construct, to obtain progeny;

wherein a population of the progeny resulting from step (ii) comprise the first

DNA construct and express the inducing protein so that the level of expression of

the P450 gene is reduced in said population of the progeny relative to the level of

expression of the P450 gene in a non-transgenic insect.

A method of identifying or verifying the ability of a compound to act as an
insecticide, which comprises:
(i) placing a transgenic insect or insect cell according to any one claims 1 to 8
in contact with the compound
(ii) assessing the transgenic insect or insect cell that has been placed in contact
with the compound in step (i) for any deleterious effect on the insect or
insect cell;
wherein the presence of a deleterious effect is indicative that said compound is

capable of acting as an insecticide.
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19. A method of identifying a compound other than phenobarbitol that regulates
expression of an insect P450 gene, which comprises:

() culturing in a suitable growth medium a population of cells transformed

with a DNA construct comprising a reporter gene operably linked to the
5 promoter region of the P450 gene

(ii) incubating said compound with a population of cells according to step (1);

(iii)determining the level of expression of said reporter gene in cells that have
been incubated with said compound; and

(iv)determining the level of expression of said reporter gene in a population of

10 cells according to step (i);
wherein, a difference in the levels of reporter gene expression determined at
(iii) and (iv) is indicative that said compound is capable of acting as a regulator

of expression of said P450 gene.

15
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SEQUENCE LISTING
<110> Syngenta Ltd
<120> METHODS
<130> PPD 70112/WO
<160> 22

<170> PatentIn version 3.1

<210> 1
<211> 36
<212> DNA

<213> Artificial Sequence

<220>

<223> Primer cyp4e2_intron F

<400> 1

gctctagage agatctgtca ggtgggtttt tcatag 36
<210> 2

<211> 36

<212> DNA

<213> Artificial Sequence

<220>
<223> Primer cyp4e2_intron R

<400> 2 !

cgggatcceg catatgtatt tctatataga cgtgag 36
<210> 3

<211> 438

<212> DNA

<213> D. melanogaster

<400> 3
gtcaggtggg tttttcatag gagccggaaa agtcgtagceg ttagccacgc agaggacaca 60

cctgaaatta cccatctcga atagegttgt gactgaggta actgcgcate gaatctactce 120
agcggegagg ctattcaagt aaggttattt tgggccagceg actttacgac cggaaaacaa 180

gggtgttaac tatcagataa tggggctact ggcacttgta gaaatgggct aatcgtagcce 240
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PCT/GB2003/003647

taggtcgagt atcgcaaaaa taatgacgag gctttgattt gtgttgtgta atatacgatg

tatgtatgta tgtattatac tgcactaatg aatactgaaa atcgcgtgcc aaaaacaagc

aatgattate tacggaatac cgatattggt acgcgatccg cctactaatg gcattttctce

acgtctatat
<210> 4
<211> 2767
<212> DNA
<213>

<400> 4
gccccaagtg

atagatccaa
tgcaaataaa
gtatacaaaa
aatatggaat
aaataaatag
tagtctcatg
catatttgct
atatggcggg
ctaattgtaa
tgatttaata
atcgaccgtt
ttgttttage
gttgaccgag
gcgcaaccat
tggcaacacc
atacaatgat
cggettgata
gttccacaac
gttettegte
cagcggcaag
ttatttatcc
gagctggcac

gagatctgcg

agaaatac

cggtgegtag
taaaagtttce
ttgtgtgact
ttgtatattt
tgagggcaac
agaactggtt
tataattaat
gcccgaaaag
aattactata
ttecgegttgg
aaatctaggt
tcaaatgcga
gattaatttc
gtecectetttg
agctactggc
aaggtggtcet
ccgeggetga
atacgcgaca
cgatacgceccce
agggatgcce
gtcaagcaga
ttatgaggga
tgcagaggcg

ctecagttctc

D. melanogaster

agctttaatt
cttgaaattg
aaaaaaacct
taatttgaaa
tgtgaaaatt
tctaagaaat
aaagcttagg
attttctatt
agcgtatcat
aatggaaaag
aaacatgggt
tegagataag
agagtggcga
tggtggtcge
aacgcaaggg
tcaagatgga
aggacgaggc
tagagctgat
gctgegatec
attggaaggg
tgtacaccct
tttaacatac
tggagagaag

cacggacagc

gtcggttgtg
ctggacaaac
gtatattttc
aagtgtgata
aagattactt
atattttgga
acgaaatcct
tagctttaca
aaacactcat
ataatgccag
agcaaaacac
ataatgctga
tacccattac
cgcactggtg
cataccctat
gaactccttt
tgtggtgggc
caaatccatt
ccatggcgat
aattcgcacc
tatgcaggag
atatatgctg
aactctggga

atagccacga

tacgcgggtg
ttgttgcgaa
aaagtaagtt
tccttgaaaa
ggttactgtt
catttgctct
tgctggcaaa
agcagcttaa
tgtaatgctc
ctaaaaataa
tctagattgc
gggcactggc
atcgacatcc
gegetctaca
attcecgeccea
gggatgcacc
atctactcca
ctgatcaagg
ccattgggct
aagctgactc
gtaaggattt
tgcagattgg
gtttcattac

ttgcatttgg

ctcagaattt
ttaggccagt
atgaaattcg
aaccacactt
actgttacta
atagaaatag
tttttagtgt
ttgggtgtag
cctatcataa
ttaagacggc
atttgaaacc
atttgattaa
ccaaaatggt
cttggttceca
cgccgatcecat
tatcggagat
tgaacaagcc
acttcaatcg
ataataacct
ccgttttcac
gtgttgaaac
aaaggatctg
ggagattaag

cattecgtget

300
360
420

438

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
1200
1260
1320
1380

1440
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aacagcctag
accgtagcge
atgcgecatcc
gttatggagg
agtctgegea
ttcectggtgg
atgtettttg
gagatcaacg
ctggagtatc
ctggaccgcg
gactacactc
ccaaaggtat
tecctagtact
aagaacatag
agccggattg
gtgcgcaact
caggcagatg
ccatcgctcce
atacatatat
gctggcattt
gcgectagag
tgagcagcta

tacgatt

<210> 5
<21l1l>
<212> DNA

<213>

<400> 5
agtggcgata

gtggtcgceg
cgcaagggca
aagatggaga

gacgaggetg

1758

agaatcccaa
gtgccaagga
agttcttcac
agcgagagceg
aagaggcggce
ctcaggcggg
ccctgtacga
aagctttggt
tggccatggt
agtacgagag
ﬁcgagaacgg
teccatcacat
ggaccaatcc
tggccatggce
gcctgctaca
gcgaggccac
gtggcataca
aatgaatttg
gtacatatat
gcctgactta
tctactaaat

gcagctacte

cccattacat

cgcagagttc
cttctttgtg
ggcggacttt
atcgggecctg
tgcecgagect
cgtgtttttt
gatggccaag
ggagggcggt
ggtggacgag
cgtggaggga
aacccectgtg
tgagaagttc
cagccaattc
atatcaaccc
gagcaaactg
catgaaggac
tttggagata
aatcgcatga
ggaataagtg
tgatgcagat
aaaaacaaaa

aattgegeca

D. melanogaster

cgacatccce

cactggtggc gctctacact

taccctatat

tcegeccacyg

actcctttgg gatgcaccta

tggtgggcat

ctactcecatg

3/13

cgtaactatg
gecttettce
tecccacttta
ctcecgeaatg
tcgaagectce
acggegggtt
catccagaga
gggtcattga
gtgctgcgea
cagccagact
ttcataccca
ataagccecccce
gatceggagce
ttcggatctg
ggactggtca
atgaaattcg
gtcaacgatc
actgtgtgat
attagttgat
tatataatga
tcattatcaa

ccaataaata

aaaatggtgt
tggttccagce
ccgatcattg
tecggagatat

aacaagcccg

gacgcaagat
tgccecaagct
tgcgcagcac
atctcataga
actatgccaa
tcgagacctc
tgcagaaacg
gctacgagaa
tgtatcecggt
tgagcctgaa
tctatgcact
tcctctaact
gtttctcacc
ggccgcacaa
gectgctgaa
atcccaaggg
gcctctacga
ctgtatggat
ggggcaatcg
taatcegtgt
attacattta

aatgcaataa

tgaccgaggt
gcaaccatag
gcaacaccaa
acaatgatcc

gcttgataat

PCT/GB2003/003647
gttcacctte 1500
ggtgtcgetg 1560
cattggtcac 1620
tgtcttggtg 1680
gaaccaggac 1740
ctcectegacc 1800
cctgcgegac 1860
aatccagtcc 19220
getgecgttce 1980
gccg;tctac 2040
gcatcatgat 2100
atctggttat 2160
cgcgaaccge 2220
ctgecattggce 2280
gaatcactca 2340
tttecgtgete 2400
tcagagcgct 2460
acacatatgg 2520
ccttetgaca 2580
gttagaagcg 2640
atctgcgtgce 2700
atgctatctt® 2760

2767
cctctttgtg 60
ctactggcaa 120
ggtggtcettc 180
gcggctgaag 240
acgcgacata 300
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gagctgatca
tgcgatcecce
tggaagggaa
tacaccctta
taacatacat
gagagaagaa
cggacagcat
agagttcegt
ctttgtggce
ggacttttcce
gggcctgcete
cgagcctteg
gttttttacg
ggccaagcat
gggcggtgag
ggacgaggtg
ggagggacag
ccctgtgttce
gaagttcata
ccaattcgat
tcaaccctte
caaactggga
gaaggacatg
ggagatagtc

cgcatgaact

<210> 6
<211l> 39
<212>

<213>

<220>
<223>

<400> 6

DNA

aatccattct
atggcgatcce
ttecgcaccaa
tgcaggaggt
atatgctgtg
ctctgggagt
agccacgatt
aactatggac
ttettectge
cactttatgc
cgcaatgatc
aagcctecact
gcgggttteg
ccagagatgce
tcattgagct
ctgegecatgt
ccagacttga
atacccatct
agccecetece
ccggagegtt
ggatctgggc
ctggtcagce
aaattecgatc
aacgatcgece

gtgtgatc

gatcaaggac
attgggctat
gctgactcec
aaggatttgt
cagattggaa
ttcattacgg
gcatttggca
gcaagatgtt
ccaagctggt
gcagcaccat
tcatagatgt
atgccaagaa
agacctccte
agaaacgcct
acgagaaaat
atccggtget
gcctgaagece
atgcactgca
tctaactatc
tctecaccege
cgcacaactg
tgctgaagaa
ccaagggttt

tctacgatca

Artificial Sequence

Cyp6égl_FWD primer

4/13

ttcaatcggt
aataacctgt
gttttcacca
gttgaaactt
aggatctgga
agattaagga
ttegtgcectaa
caccttcacc
gtcgctgatg
tggtcacgtt
cttggtgagt
ccaggacttce
ctcgaccatg
gcgcgacgag
ccagtccctg
gecegtteetg
gttctacgac
tcatgatcca
tggttattcc
gaacégcaag
cattggcagc
tcactcagtg
cgtgcéccag

gagcgcetcca

gcggatccat tctagaaagt ggcgataccc attacatcg

tccacaaccg
tcttegteag
gcggeaaggt
atttatcctt
gectggecactg
gatctgeget
cagctagaga
gtagcgegtg
cgcatccagt
atggaggagce
ctgcgcaaag
ctggtggctce
tcttttgccce
atcaacgaag
gagtatctgg
gaccgcgagt
tacactctecg
aaggtattcc
tagtactgga
aacatagtgg
cggattggcce
cgcaactgceg
gcagatggtyg

tegetccaat

PCT/GB2003/003647
atacgccege 360
ggatgcccat 420
caagcagatg 480
atgagggatt 540
cagaggcgtg 600
cagttctcca 660
atcccaacge 720
ccaaggactt 780
tettecacggce 840
gagagcgatc 900
aggcggctgce 960
aggcgggegt - 1020
tgtacgagat 1080
ctttggtgga 1140
ccatggtggt 1200
acgagagcgt 1260
agaacggaac 1320
atcacattga 1380
ccaatcccag 1440
ccatggcata 1500
tgctacagag 1560
aggccaccat 1620
gcatacattt 1680
gaatttgaat 1740

1758
39
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<210> 7
<211> 38
<212> DNA
<213>

<220>

<223>

<400> 7

Artificial Sequence

Cyp6gl_REV primer

5/13

tagaattcgc ggccgegatc acacagttca tgcgattc

<210> 8
<211> 585
<212> DNA
<213>

<400> 8
agtggcgata

gtggtcgeeg
cgcaagggca
aagatggaga
gacgaggctg
gagctgatca
tgcgatcceec
gaagccgttce
actgcatcat

actatctggt

<210> 9
<211> 37
<212>

<213>

<220>
<223>

<400> 9

DNA

cccattacat
cactggtggce
taccctatat
actcctttgg
tggtgggcat
aatccattct
atggcgatcc
tacgactaca
gatccaaagg

tattcctagt

Drosophila melanogaster

cgacatccce
gctctacact
tcegeccacg
gatgcaccta
ctactcecatg
gatcaaggac
attgggctat
ctctcgagaa
tattccatca

actggaccaa

Artificial Sequence

Bridge REV primer

aaaatggtgt
tggttccage
ccgatcattg
tcggagatat
aacaagcccg
ttcaatcggt
aataacctgt
cggaacccct
cattgagaag

tcccagccaa

cgtagaacgg cttcatgggc atccctgacg aagaaca

tgaccgaggt
gcaaccatag
gcaacaccaa
acaatgatcc
gcttgataat
tccacaaccg
tcttegteag
gtgttcatac
ttcataagcc

ttecga

PCT/GB2003/003647

38

cctetttgtg 60
ctactggcaa 120
ggtggtcttc 180
gcggcetgaag 240
acgcgacata 300
atacgcccgce 360
ggatgcccat 420
ccatctatge 480
ccctecteta 540
585

37
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<210> 10
<211l> 37
<212> DNA
<213>
<220>
<223>
<400> 10

Artificial Sequence

Bridge FWD primer

6/13

cgtcagggat gcccatgaag ccgttctacg actacac

<210> 11
<211>
<212>

<213>

<400> 11
gatcttgtgt

aaatttatta
ttcgaatgaa
tgtgttgttt
gaccagttta
gaagcgttta
atcgeegtgg
gtgacatttt
caatttcatg
ttgctctgtt
cagecttgttt
cagtagaaca
agagcttggt
attacttaaa
tttgaatgac
tatcgatgtg
atgagtgata
caatctcgtt

agtatctett

DNA

5737

tgtacattag
gtcattttaa
tacattttaa
ccaaatgagc
acgacaatca
aatagctctt
aacaccaaac
aaatgtgtat
cgataatgtt
ttctaataaa
aataacaatc
tcaagagaat
gttgtecgetg
cacctttacc
cgtgtcattg
tatttaccat
aaacctgatg
atcatttgtt

tgaaagtgct

Drosophila melanogaster

cactgatttc
atgttggtgt
tcacatatat
aataaaaccc
agttatctac
agaaagagtt
attaacgttg
gtccgtgtat
cgctecgatt
tattgaatcg
ttgtaatcgt
atctcttatg
ataatgaaag
tttagttaca
cgtttttata
ttaatgctac
ggacactttt
tatattttga

cttaaatcgg

tgaaaataaa
gacatgtaga
gctaaatata
gatgcgatta
tgtttatatt
attggttcte
tagtggggtg
gtatttatet
ccecaaggcett
cataggagaa
ttgtttgecat
tcaaatcttg
ctagatggaa
agtgggatcg
gtaatacaat
ctctactttt
tacccaagca
ttcgcgagea

tttgaaaagt

acgagataag
tttaactacg
atttaacaca
taatgtttaa
ttgatcgtca
ccagcgaatt
ctaattactg
acgggaaatt
aaaaactcat
aaacctttaf
gtagatccac
aatctctcat
cgcteggeta
tcetgtacat
gatttgatac
cgcacatgece
ccaaccggtt
tttttgecagt

gcctgeatat

PCT/GB2003/003647

37
gcaacaaact 60
cgacattgcet 120
gcacagttga 180
aaccaaccgce 240
ttcaaacagt 300
cattecgtttt 360
aaataaatgg 420
atgtcattaa 480
ttaattatat 540
gagccttaac 600
tgcaatagaa 660
aaaaagcaaa 720
tcaaatacce 780
ttgaagctac 840
attttccgeca 900
gagcttataa 960
tgtttaacaa 1020
caagcgtatg 1080
tatcgccgag 1140
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tetgtaatca
tagctcacat
tattgtggtg
tacgcaaaat
tgtaccaccg
cactgtatgg
actactacaa
agccggecge
cgaactttgce
tgttcaacct
cctegggcaa
aggtgatcac
tgatggccag
cgctgegeac
gccacgggaa
gaatgcgcat
ttgccctcag
tgaagcagaa
gcgaactgge
caatgagtta
acgagatcca
ccatgaccta
gagggattgt
tggtgceccca
ttgtgattga
atctttatcece
cccgggagte
ggtttggaca
ccgtetgega
ccgttggggg
gtatatagct
taaccttaac
agtttagaag

gatttgcagg

tgacaacaac
gctgtcecatgce
atcagtaatt
gtttgttcta
caacttcaac
caacatggtc
caagtaccgg
cttecatcgtg
cgatcgtgge
ggacggaaag
gatgaagttc
ggagcaggtg
gttcaccacc
ccctgtcagt
actgctgacc
gatgcccgag
ggagcgggag
ggggcgegte
cgceccaggtyg
ctgcctgtat
aacggtgctg
cttgaaccag
aactggtttt
cctecgaacgg
gaagggcaca
gaatcecggag
cgtggagtgg
aatgcaggct
tacgacagag
catctacttg
taggatccaa
ctaaacagcc
atctaattgt

ttcataaatt

ttaaaagtag
ctgtgcgtcg
cgtcgtaggt
atatacctgt
tactggaatc
gggttccgga
aagagcggct
gacacccagce
cagtttcaca
aagtggaagg
atgttcccecga
cccgecgece
gatgtgattg
gatttccgeca
atgttecgtgt
gacgtccacc
aacttcaaga
accctggaca
ttegtetttt
gagttggctc
gaggaacagg
gtcatctcag
acccaacatt
aaggccctca
caggtcataa
acctttgatc
ctgececetteg
cgcatcggtt
atcccactga
cgagtggaac
agctaaagtg
atattaactt
ctaccagtta

gcattegget

7/13

tagtcatggt
caggggaatc
cgagcacgac
tgatcgcgat
gcegeggegt
agaaccgggt
ttccettegt
tggccaagaa
acgggcgcga
acatgcgcca
cggtgatcaa
agaacggcgce
gcacctgteg
ccatgggaca
tcagetttce
agttcttcat
ggaacgactt
acggagaggt
atgtggeccgg
agaatcagga
aggggcagct
gtaggtgttc
gctcttcaga
acgactacgt
tcccegettg
cggagcgcett
gcgacgggcec
tggctcagat
agtatagtcc
gcatctaacc
atgtacattt
attggcctgt
gatgecattca

taagttgcaa

gatagaaata
ttataaaaag
gattgcgaaa
ctcectegett
gccacacgat
gatgcacgac
gggcttttac
catcctgatce
cgacccgctce
gaggctgacg
ggtgtctgag
tgtgctegag
cttcggeatt
gaaggtgttc
caagctggec
gegectggtce
catgaacctg
gatcgagggc
atttgagacc
cattcaggac
aacgtacgaa
tgtctgaagc
aaccctgagg
ggtgcecggge
cgcectaccac
ctegecggag
gcggaactgce
catcagecgg
catgtccata
tccatattcg
tagactgttce
gataaatcac
ggcaaatgtt

catgeccacge

PCT/GB2003/003647
tttagctage 1200
tgtgcgaaca 1260
agggagcagc 1320
ttggecctact 1380
gctecetcacce 1440
ttcttctacg 1500
tttctgecaca 1560
aaggatttct 1620
acgcagcacc 1680
ccgactttca 1740
gagttcgtca 1800
atcaaggagc 1860
gagtgtaaca 1920
accgatatgc 1980
agcaggttga 2040
aacgacacga 2100
ctgattgaac 2160
atggacatcg 2220
tectectega 2280
aggctgegea 2340
tccatcaaag 2400
acagccccaa 2460
ctctacacac 2520
catgaaaagc 2580
cgcgacgagg 2640
aaagtggccg 2700
atcgggatge 2760
ttcagggtat 2820
gttttgggcea 2880
ttgctcccat 2940
aattattaaa 3000
ttatgttcac 3060
gttcccatca 3120
gaatcgeocac 3180
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ctgactagtc
attactattc
caaccgtage
gctaattgag
caaatgtcaa
tcgeecgett
acactgcttt
gattctatta
ctcgacttte
acggacataa
gcacgaacaa
aacgtagtag
gtttagtgta
ttecattctaa
aaagcaaaca
atacattttt
cagtcattta
tatgctggta
gcaagtgtct
atctaacggt
tggcactagc
ccacaaacaa
aacaaataac
tctgaatgaa
teggttttet
tgggagggcg
acaagtgcaa
ttcaacccaa
ccgaaaactt
catcaaagca
caactgaatt
gcaacagcag
taaatagttt

atttggccaa

ataatgttgt
ccagacgctc
agcgaaaacc
gtaagceccta
tgccteggee
atcatagatt
tgttcgtgta
aatacctgtt
acacgaacga
cggacagaca
gaactatagt
tatatttett
cgattgagtg
agaataattt
actaattaat
atgtatgtat
aaatgtattt
gggaaatgtt
aaaggtggga
tatgggaaca
tecatecateceg
gtgaatattt
gtagtcagtg
atatgtgata
aagcattcga
aactaaattt
aaccaccgac
gccacaaagce
tcaattcccea
agaagcacgc
ggaacgagtg
aagcagcagc
gtcaagcgcg

aaacaatgcc

tagagtcaat
taatgttttg
ccaaattaaa
cctgaaaaga
agactatgag
tttttggtga
ttcaaaaaca
gtcaagtcte
acggacaaac
gacatcgaga
tgtcagcact
attttagctg
atttaagttt
atatttagca
tcgagaattg
attctacttt
tatgccccte
tatctaacgt
aaatcggggg
caaaatgtag
gtaatagaca
tccaattaat
atttattcaa
cttgtatctg
gaatcttgac
aattactage
atgaagataa
atttcgactg
accagcagca
atcgccatcg
ctgcaatgcg
aattgcaact
ccagtgaaca

gtgggtgcat

8/13

gactttccte
catacctcat
atatggtgct
aataatgact
ataactttta
tatcgtataa
agatagtaat
aactttctag
ggacaaacgg
cgggcatgge
tgacttttgt
gaaactgttt
ccggtcaatg
atgtgagtac
aaaatttctt
ttgggctgge
cggattaata
cagcggcgca
cgtgtaaatt
tttgataaaa
cgttttatga
aactgatggc
accgcgcgaa
gcggatacac
ttggectgge
ccgcaagaaa
agcataactg
tttaaagccg
tctcatctga
cccaaagtta
agaccaactg
gcgacggacg
aaaagtcgac

gtggcatggc

tgtatagctg
gccacactcg
gaagcatgca
ttaccacgte
cggattagtc
tgtagctgaa
atacttgagg
cttttatggt
acaaacggac
tagatcgtct
tttatttatt
tcatttcecag
acgctaagca
aatcgaactt
gtataaattt
ttgtaacgceg
gtatcccatce
tgcaacgcgt
gtgctctgta
ctaattatat
acctatagcec
ctaattatca
tgecgtaage
gctgectgag
acttggccecet
caagtgcggce
aaataaaagt
caactttaag
aattccatta
agtccacatc
cagcggcatc
gaagcgtgcet
ttggacgtgg

cagggacagg

PCT/GB2003/003647

agcgaaaata
ttaggttget
acacgagtcg
gaactgttcg
actgattggt
ttattaaata
gcagctatta
tcecggatat
agacggacag
gggctagtta
ctcaatggca
aactttattce
gtctgtctag
attgaagttg
caaactttaa
gaaattggaa
ttattttaat
ggaaattgag
atgggcgtga
actctcttat
ggattaaaaa
taattaatta
aaatagtttt
catacaacgc
accttecgeeg
taaacaaaaa
gtcaaggttg
gttgtttggce
gccecageac
cttgtttgcce
aaatgttgca
catatgtgcg
gatactggac

gcttaggttt

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220
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caccgccact
cgacatggat
attgcatgca
tcactgectgce
tttaacgaaa
tgagtgtaag
attccattct
ctgtcatecge

gttgcaggtg

<210> 12
<211>
<212> DNA

<213>

<400> 12
cgaaaaggga

cgettttgge
acgatgctce
acgacttctt
tttactttct
tgatcaagga
cgctcacgca
tgacgccgac
ctgaggagtt
tcgagatcaa
gcattgagtg
tgttcaccga
tggccagecag
tggtcaacga
acctgctgat
agggcatgga
agaccteccte
aggacaggct

acgaatccat

1647

atcgctatcg
atgcccatgg
ccaagegtca
acaccgaatt
gtttatttat
aaaagagtag
agatagctaa
acagagcgtt

ttgectgttgce

gcagctacgce
ctacttgtac
tcacccactg
ctacgactac
gcacaagccg
tttctegaac
gcacctgtte
tttecaccteyg
cgtcaaggtg
ggagctgatg
taacacgctg
tatgcgccac
gttgagaatg
cacgattgece
tgaactgaag
catcggcgaa
ctcgacaatg
gcgcaacgag

caaagccatg

ctattgectt
acatggccac
ccaaagtctg
taaaatggcc
ttttgaactc
ttcegteact
tatttggcag
ccaatttaac

tgttggcceac

Drosophila melanogaster

aaaatgtttg
caccgcaact
tatggcaaca
tacaacaagt
gcegecttea
tttgcegate
aacctggacg
ggcaagatga
atcacggagc
gccaggttca
cgcacccectg
gggaaactgce
cgcatgatgc
ctcagggagce
cagaaggggc
ctggccgcee
agttactgcce
atccaaacgg

acctacttga

9/13

agctgtgggce
ggtectgegeo
ccatgccacce
tttgtatcac
ccttgaacgt
cectgttaca
tcacttattt
cgtccaacct

actcgag

ttctaatata
tcaactactg
tggtcgggtt
accggaagag
tecgtggacac
gtggccagtt
gaaagaagtg
agttcatgtt
aggtgccecge
ccaccgatgt
tcagtgattt

tgaccatgtt

ccgaggacgt

gggagaactt
gcgtcaccct
aggtgttcgt
tgtatgagtt
tgctggagga

accaggtcat

atggatacgg
cggaactttt
gtatcgggat
ttatgtttag
teattccaag
taaatcactc
gacacatgtg

agcttgetge

cctgttgatce
gaatcgcege
ccggaagaac
cggctttecce
ccagctggcee
tcacaacggg
gaaggacatg
cccgacggtg
cgcccagaac
gattggcacc
cegeaccatg
cgtgttcagce
ccaccagttce
caagaggaac
ggacaacgga
cttttatgtg
ggctcagaat

acaggaggdg

ctcaggtagg

PCT/GB2003/003647
gcatgtcecge 5280
gcgeggatta 5340
gagcgcetgcec 5400
tttgctaaag 5460
ttcegaccta 5520
ccattttegg 5580
gtcaattgag 5640
tgctgetgat 5700

5737
gc¢gatctcct 60
ggcgtgccac 120
cgggtgatgce 180
ttecgtgggct 240
aagaacatcc 300
cgcgacgacce 360
cgcecagagge 420
atcaaggtgt 480
ggcgcetgtge 540
tgtgcetteg 600
ggacagaagg 660
tttecccaage 720
ttecatgcgcce 780
gacttcatga 840
gaggtgatcg 900
gccecggatttg 960
caggacattc 1020
cagctaacgt 1080
tgttctgtct 1140
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gaagcacagc
tgaggctcta
cgggccatga
accaccgcga
cggagaaagt
actgecatcgg
gccggttecag
ccatagtttt

attecgttget

<210> 13

<211l> 586
<212> DNA

<213>

<220>
<223>

<400> 13
cgaaaagggda

cgcttttgge
acgatgctcc
acgacttectt
tttactttet
tgatcaagga
cgctcacgea
ggtttggctc
'ctgaagtata

gaacgcatct

<210> 14

<211> 18
<212> DNA

<213>

<220>

tccaagaggg
cacactggtg
aaagcttgtg
cgaggatctt
ggccgeecgg
gatgqggttt
ggtatecegte
gggcaccgtt

cccatgtata

gcagctacgce
ctacttgtac
tcacccactg
ctacgactac
gcacaagccg
tttctcgaac
gcacctgttc
agatcatcag
gtcccatgtc

aacctccata

attgtaactg
cecccaccteg
attgagaagg
tatccgaatc
gagtcegtgg
ggacaaatgc
tgcgatacga
gggggcatct

tagctta

Artificial Segquence

cyp6a2_short sequence

aaaatgtttg
caccgcaact
tatggcaaca
tacaacaagt
gccgcctfca
tttgccgatce
aacctggacg
ccggttcagg
catagttttg

ttegttgete

Artificial Sequence

10/13

gttttaccca
aacggaaggc
gcacacaggt
cggagacctt
agtggctgce
aggctcgecat
cagagatccc

acttgcgagt

ttctaatata
tcaactactg
tggtcgggtt
accggaagag
tcgtggacac
gtggccagtt
gaaagaagtg
gtatcegtet
ggcaccgttg

ccatgtatat

acattgctct
cctcaacgac
cataatcccce
tgatccggag
cttcggegac
cggtttgget
actgaagtat

ggaacgcatc

cctgttgatce
gaatcgccgce
ccggaagaac
cggctttece
ccagctggece
tcacaacggg
gaaggacatg
gcgatacgac
ggggcatcta

agctta

PCT/GB2003/003647
tcagaaaccc 1200
tacgtggtgce 1260
gcttgegect 1320
cgcttctege 1380
gggccgcegga 1440
cagatcatca 1500
agtccecatgt 1560
taacctccat 1620

1647

gcgatctect 60
ggecgtgcecac 120
cgggtgatgce 180
ttcgtggget 240
aagaacatcc 300
cgcgacgacce 360
cgctegeate 420
agagatccca 480
cttgecgagtg 540
586
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<223> Cypégl_fwd_primer

<400> 14
cctggaccge gagtacga

<210> 15
<211l> 22
<212> DNA

<213> Artificial Sequence

<220>
<223> Cyp6gl_rev_primer

<400> 15
gctgggattg gteccagtact tt

<210> 16
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<223> Cyp6gl_tagman_ probe

<400> 16
cagcecagact tgagcctgaa gccg

<210> 17
<211l> 21
<212> DNA

<213> Artificial Sequence

<220>
<223> Cyp6a2_fwd primer

<400> 17
tcatctcaga aaccctgagg c

<210> 18
<211> 22
<212> DNA

<213> Artificial Sequence

11/13

PCT/GB2003/003647

18

22

24

21



WO 2004/017728 PCT/GB2003/003647

12/13
<220>
<223> Cyp6a2_rev_primer
<400> 18
gacctgtgtg cccttctcaa tc ' 22
<210> 19
<211> 22
<212> DNA
<213> Artificial Sequence
<220>
<223> Cyp6a2_tagman_probe
<400> 19
acgactacgt ggtggccggg cc ' 22
<210> 20
<211l> 24
<212> DNA
<213> Artificial Sequence
<220>
<223> RpL32_fwd primer
<400> 20
gatatgctaa gctgtcgcac aaat 24
<210> 21
<211> 23
<212> DNA
<213> Artificial Sequence
<220>
<223> RpL32_rev_primer
<400> 21
ggcatcagat actgtccectt gaa 23
<210> 22

<21l1l> 24
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<212> DNA

<213> Artificial Sequence

<220>
<223> RpL_tagman_probe

<400> 22
cgcaagccca agggtatcga caac 24



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

