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Human malaria parasites are transmitted by mosquitoes
of the genus Anopheles. At least 20 of the almost 500
known types of anopheline mosquitoes have been shown to be
implicated in malaria transmission. In sub-Saharan Africa,

20 transmission 1s mainly caused by three anopheline species,
A. gamibiae, A. arabiensis and A. funestus. These three
species represent the most efficient vectorial system in
the world for P. falciparum. Their distribution is limited
by dry environments, salt water, low temperatures and, in

25 the case of A. gambiae and A. arabiensis, by the thick
vegetation of natural forests and humid savannah areas.
These three African mosquitoes are the most efficient as
malaria vectors because of their marked preference for
humans as hosts as well as for their ability to adapt to

30 human-induced environmental changes. In Asia, the most
efficient malarial vector is A. Stephensi.

Control measures based on the use of pesticides have
not been able to control the extremely high P. falciparum
inoculation rates. Furthermore, the common occurrence of

35 insecticide resistance, coupled with the ecological costs
associated with their use, has generated the need for

alternative methods to control the parasite. Attempts made
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Rosenberg et al, Insect Mol. Biol., 1985; 7:1-10,
showed that A. freeborni were refractory to the simian
parasite P. knowlesi because the sporozoites were unable to
recognise and penetrate the mosquito salivary glands.

25 The identification and mapping of the genes
responsible for refractoriness of a mosquito to a
particular parasite 1s a major goal for molecular
biologists. Once technologies for introducing DNA into the
mosquito genome become available, the manipulation of genes

30 determining the susceptibility or refractoriness of a given
species could be of tremendous importance for preventing
malaria transmission, and means for inducing refractoriness
genes into wild population could then be developed (Curtis
and Graves, J. Trop. Med. Hyg., 1988; 91:43-48) .

35 Furthermore, insects have various defence mechanisms,
including the production of a wide variety of peptides in

the body, to protect them against bacterial and fungal



and Graves, J. Trop. Med. Hyg., 1988; 91:43-48). 35 Furthernore, insects
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20 to the suppression of the mosquito species.

Alternatively, it may be desirable to introcduce into
insects foreign genes expressing anti-parasitic agents able
to interfere with the life-cycle of the parasite.

For example, the use of modified Wolbachia symbionts

25 to introduce foreign genes into Anopheles mosguitoes has
been suggested (Curtis and Sinkins, Parasitology, 1998; 116
Suppl:111-115). Wolbachia represents a potentially useful
gene Dbecause it 1s maternally inherited and causes
sterility 1n matings of infected males to uninfected

30 females. However, so far no data concerning mosguito
transformations have been reported, due to the difficulty
in introducing exogenous DNA into the mosguito genome.

Genetic manipulation of the fruitfly Drosophila has
been carried out successfully using the P transposable

35 element. Transposable elements can be used to introduce
heterclogous genes into Drosophila to alter the phenotype

of the insect. Other transposable elements have also been
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a rigid structure, the chorion, which hardens quickly after
oviposition and makes the injection of DNA into anopheline
embryos a very difficult and time-consuming process. A few
minutes after they have been laid, eggs are already quite

20 rigid and difficult to penetrate with commonly used
needles, without killing the embryo. Survival rates of
injected embryos are usually poor, and consequently large
amounts of embryos need to be injected in order to obtain
a significant number of survivors. Furthermore, while the

25 chorion of Drosophila eggs 1s removable by bleaching,
ancpheline embryos are extremely sensitive to the
elimination of their eggshell, which provides structural
support and protection and allows gas exchange while
minimising water loss.

30 The establishment of a reliable technology for
introducing foreign genes in the Anopheles genome therefore
faces two major problems: 1) the development o©f a DNA
delivery wvector capable of successful transposition in
anopheline mosqguitces; and 2) the establishment of a new

35 technology to overcome the technical difficulty of

injecting DNA into mosquito embryos.



30 The establishment of a reliable technology for introducing foreign
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(11) injecting a transposable element into the egg to

15 permit integration of the element into the
genome of the embryo.
The insect is preferably a mosquito, and more
preferably an anopheline mosquito.

According to a further aspect of the invention,

20 chorion hardening is prevented or delayed by inhibiting an
enzyme involved in the hardening process. The compound p-
nitrophenyl-p'-guanidinobenzoate may be used in the method
of the present invention to delay the hardening of the
chorion.

25 According to a further aspect of the invention, a
genetically modified anopheline mosquito is obtainable by:

i. treating the egg of an anopheline mosquito
embryo under conditions which prevents or delays
the hardening of the mosquito egg chorion; and

30 ii. 1injecting a transposable element into the egg,

the transposable element being capable of
integrating 1into the genome of the mosquito
embryo.

According to a further aspect of the invention, p-

35 nitrophenyl-p'-guanidinobenzoate 1is used to delay the

hardening of the chorion of an insect egg.



t he hardening of the nosquito egg chorion; and 30 ii. injecting a
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15 Description of the Drawing

Figure 1 illustrates the vector (MinHyg) used for
transposition into a mosquito embryo. In the drawing,
ActinP represents the actins5C promoter from D. melongaster;
hspP represents the heat-shock promoter hsp70 from

20 D. melongaster; hspT represents the heat-shock terminator
sequence; Amp" represents the ampicillin-resistance gene;
Hyg® represents the hygromycin-resistance gene; ML and MR
represent the left and right arms of the minos transposable
element, with inverted repeats represented by the black

25 triangles; and H, E and N represent the restriction enzymes
HindII, EcoRI and NotI, respectively.

Description of the Invention

As stated above, an important aspect of the present
invention 1is the treatment of the insect egg under

30 conditions which prevent or delay the hardening of the
insect egg chorion. Hardening of the chorion is mediated

by a series of enzyme reactions, the first enzyme being
phenol oxidase. Other enzymes include dopa decarboxylase,
dopamine N-acetyl transferase and N-acetyl dopamine

35 desaturase. Targeting these enzymes with inhibitors is one
useful way of delaying or preventing the chorion hardening

process. Inhibitors may be competitive or non-competitive



As stated above, an inportant aspect of the present invention is the
treatnent of the insect egg under 30 conditions which prevent or delay the
har deni ng of the insect egg chorion. Hardening of the chorion is nediated
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will preferable to use a competitive inhibitor which can be
replaced by addition of excess enzyme substrate.
Alternatively, the inhibitor may be utilised over time,
thereby permitting the enzyme to function with its natural
20 substrate. Delaying hardening should be for a time
sufficient for the introduction of the nucleic acid
material into the egg. This may require a delay of only a
few hours.
Insertion of nucleic acid into the egg may be carried
25 out by microinjection. Methods for carrying this out will
be apparent to the skilled person, using conventional
apparatus.
The nucleic acid molecules may be in the form of a

vector or plasmid containing a heterologous gene to be

30 expressed 1in the insect embryo. Regulator seguences,
including transcriptional promoters, enhancers and
initiation signals, may also be present. The purpose of

introducing the nucleic acid molecules may be to produce a
transgenic insect, having particular genetic traits.
35 Technology for the production of transgenic animals and
insects are known and may be adapted for use in the present

invention.



be apparent to the skilled person, using conventional apparatus. The
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Convent I HAISEYERRHDI S5 Bnd IR aa Thi T Hecule ¥00 10 P diuce a 10

transgemecé nsecgoubn @eltk f i orayt obeheptmperediogmm@em:@mtdm:ltmaisposabl e
el enent ri se o] a r ur, ceesstul
expressﬂﬁﬁ%%é%ﬂgg%UraﬁaréﬁgggggglEME%eg%%tzn%§§% %gént?h resent i nvention
15 Iy beramemeni¢ etnbased on experinents carried out on other or gani sns,
e.g. in Drosophiday; Fofn @ARPLEheHEEORSgENS A@S%@Q@%ﬁg;&%m& nson et
al., Proc. Natl. Acad. Sci. USA, 1993; 90 9 93 9697 able to transpose
in embr yOSBFRC DREE0INRE 3RS ohigas FEFU LRGP Nert 350t . Eﬁﬁrlenc%ﬁiea (Haymer
20 and Maisdesdeyl éﬁ@ﬁéss1é386an6o28&r291) was shown to transpose in

Bactrocera tryoni . ed trans ef Ienent i s .M.ngs, found in
Dr osophi | a hy’{yfe‘"?‘nf?;?ﬁggf %{%ﬁ%ﬁ s %@é et Alm (?sreﬁent tavention
15 may be identified based on experiments carried out on other
organisms, e.g. in Drosophila. For example, Hermes from
Musca domestica (Atkinson et al., Proc. Natl. Acad. Sci.

USA, 1993; 90:9693-9697) is able to transpose in embryos of

Drosophila melongaster. Mariner from D. mauritania (Haymer

20 and Marsh, Dev. Genet., 1986; 6:281-291) was shown to
transpose in Bactrocera tryoni.

A preferred transposable element is Minos, found in

Drosophila hydei (Franz and Savakis, Nucleic Acids Res.,

1991; 19: 6646). It has now been found that minos
25 transposase can mediate precise insertions into the genome
of Anopheles mosquitoes and permit interplasmid
transposition to occur. Therefore, in a preferred

embodiment, the invention may be carried out using a Minos
transposable element to integrate a heterologous nucleic
30 acid molecule 1into the genome of an insect embryo,
preferably in the presence of a minos transposase. The
transposable element may be in the form of a plasmid vector
together with a foreign gene and further comprising
regulatory seguences, e.g. a promoter. In a preferred
35 embodiment, the promoter 1is the actinbSc promoter from

D. melongaster. In a further preferred embodiment, the



1991; 19: 6646) It has now been found that m nos 25 transposase can nedi ate
precise insertions into the genonme of Anophel es nbsquitoes and permt
interplasmd transposition to occur. Therefore, in a preferred

enbodi menVO 1d483nvent i on may be carried out using a M nosPCT/GBAFPIZRDI e

el enent to integrate a heterol ogous rucleic 30 acid nolecule into the
genone of an insect enbryo, preferably in the presence of a m nos

trans posaselOSTkIeram$B®|%@®%a§E@eelJ@mh@cmaydb@n nat kephgameofhal peéasmni d

LocL o LSS b e et and durgles camuisig, o0 2o

sequence % ronoter the pronDter is
the actin5c préﬁb?€ﬁnﬁp8ﬁﬁbée ﬁ%@@ﬁgagm@Ykmxwafdﬁﬁ%h@FesréFér%@ao

enbodi meRbe t has¥O01L48483 PLT/ KBY-8444dus9 gtnes whapsposase gene is
| ocated on rate hel per pl asmd for. separate |ntroduct|on into the

sep
embryo. ¢ Brfersir‘??poéﬁblvel & emerft! HRdet (REG: t&qtr?tgéffrté‘tcﬁ‘l tB%e i nsect
enbryo atlﬁehepolsa@dlﬁs gémeentti Chaganbbe régexpeedssed |nnvegﬂate a

Alternativ r ran osabl e el enent e reqguired to
"ot ear at BEE HRapER S A AIG SO TREETATER Ben BR oo SEehEt Lot
expr essi enpmesglpmt@éulaarpgiet\ecur@r gearepl e, Far RNdampbéecw@re R be used

for gene shLengengay Q)eTI&%elaetf%rIol %u% g_%qlem be used to control the

transm ssion of a ara5|te e.g di um For exanpl e, the gene may
encéfle a proddge tlh%‘%eb@%‘t’%%‘tl§ tg‘?élei n@éh‘t He oHEePnfeRt FORtEO N R encodes

an anti - paeashti ke iagent, aa?éEaEQtelnéeéfeﬁEaMMéalﬁﬂe | Fbe- syl &f the
parasite, Sone 15 anti bacteri al ap%Ptl des are known, ncI udi n ef ensi ns,

whi ch mayPBeSoPeUBdY AT hat IRFEVCt hEegeRE O thet §eﬁns?8 odlice
sterile ﬁmlfestmhncdnrnmlyldzie grelesedraana iFpatrasiafi cgegehic abmérm The use

of 5 2SK,JPESLLLS B OTRLSh s CheRy0RBBE (o' i x ol 2 (Thores
pretént fnveharoAriFhe MEPHAGHEa agehe kmmyal s@nbéudms@d d&ﬁl@fﬁmas genes may
al so be At rQdMESdHehibehe@N bQ1ternatively, the gene may be used

to produce sterile males which may be released as a means

of genetic control. The use of a sex-specific promoter has

been proposed for use in Drosophila (Thomas et al.,

20 Science, 2000; 287(5462): 2474-2476), and may be used in
the present invention. The Wolbachia gene may also be
used. Suicide genes may alsc be introduced which can be
activated by exposure to certain chemicals. Other suitable
genes will be apparent to the skilled person.

25 The transposable elements may also be of use in assays
for identifying compounds or products that have
insecticidal activity, or for mapping genes responsible for
refractoriness of, for example, mosguitoes, to a particular
parasite. The insertion of foreign or heterologous genes

30 into a genome can be used to identify enhancer elements
located in the genome. Significant levels of the product
of the gene will not be detectable unless the transposable
element inserts next to a region containing the enhancer
element. The transposable elements may also be used to

35 perform in vivo site-directed mutagenesis, as described in
Banga and Boyd, Proc. Natl. Acad. Sci. USA, 1992; 89:1735-
1739.



activated by exposure to certain chemcals. O her suitable genes wll be
apparent to the skilled person. 25 The transposable el enents nay al so be of
use in assays for identifying conpounds or products that have

i nsecticivalo1a@483vity, or for mappi ng genes responsi bl e fopcrigbéa@ypri ness
of, for exanple, nosquitoes, to a pargg cular parasite. The insertion of
foreign or heterol ogous genes 30 into a genone can be used to identify
enhancer el enerthe fodravengi Pxithel gendiest Shgosf tsaninl,eMelisnof the product
of the ggge mﬁié not be detectable unless the transposable elenent inserts
next to contai ning the enhancer elenment. The transposabl e

el enents may almsdhse fedédwiag3sxperfioenti ntive ol ssintied disrcactired emucdgenesi s,

1730. V0"01) Hiea b CAAY OA77T. 105 et bi I g ramil e FFTLS0Fa es {ho

i nvert i okt A @ | of t AehPBEFOWPAGUEX geRienEmto tiee phesaind véceor ter med
M nHyg (idddpHdpied imbscq'thL-tol), VRS UsRdyd o achpeye b i ﬁ:t}?egr%'e%& of a
sno

heterologgus gene into the genome of an anopheline npsquito. wn in
Fig. 1, tHFRGERY | BoPESE tgﬁ?%teiq?Pg%ﬁ?éf) CRPEesT (HEHP) §Heth-et al .,
Nat ure, 3R35re373:9863- 664) c68s c6h9SRAsashben F@Q&i@&j\&@'\'@er genghow t hat
e
Y

successfuyl integration of DNA had. been 10 achi eved. ctjn. pronoter
L{I:IS. ﬁ}sélfj% s SActTh 1ge3r1lét?\%§a%:h%§enofo R g‘aldnebgﬁﬁr essi on

fromthe anogaster
of flfe GER®GEVedwmrker (Fyrberg et al., Cell, 1983; 33:115-123). The

hygronycin geie Undels LHeORLEOkBh the oS hoflighblechgal shpck protein
70 (hsp70) pronoter, was also_ 1ncorporated into the vector to act as a
sel ect ablBenfarkaf CiwSEhe e¥eft ivRatthse| @6pTos Wi h obFE kv uF@PR6E The

achi evedma e rexpen avas per ferined asgfoldoms; s Bl pof fed A Stephensi
nosqui t oes mer?}algpme to Jaygﬁggs 48-72 20 hours after a bl ood neal.
h

Eggs were |aig €n %ﬁﬁeqQﬁQS e, under the control of the
15 inducible heat-shock protein 70 (hsp70) promoter, was also

incorporated into the vector to act as a selectable marker

in the event that selection with GFP could not be achieved.

The experiment was performed as follows. Blood fed

A. Stephensi mosquitces were allowed to lay eggs 48-72

20 hours after a blood meal. Eggs were laid in a petri dish
containing 3mm paper soaked in a p-nitrophenyl-p'-
guanidinobenzoate (NPGB) solution (Sigma cat. N 8010) 0.1mM

in isotonic buffer (150 mM NaCl, 5 mM KCl, 10 mM HEPES, 2.5

mM CaCl,, pH 7.2). NPGB is not soluble in water; it was

25 first dissoclved in DMSO and then isotonic buffer was added
to make the 0.1mM final solution. The use of the isotonic
buffer 1is essential as it prevents the embryos from
swelling. The petri dish was removed from the mosguito

cage 30 minutes after the first oviposition had occurred.

30 Eggs were then left in NPGB until injection, which was
carried out between 90 and 120 minutes after oviposition.

A total of around 30 embryos were placed on a glass slide
covered with paper wet with isotonic buffer, with their
posterior poles aligned and oriented towards the inner part

35 of the glass slide. As soon as the embryos started drying
they were transferred, by applying a gentle pressure, onto

another slide on which a strip of double-sided tape had



cont ai ni ng 3mm paper soaked in a p-nitrophenyl-p'- guani di nobenzoate (NPGB)
solution (Signma cat. N 8010) O0.1nM in isotonic buffer (150 MM NaC, 5 nM
KC11 10 mMM HEPES, 2.5 mM CaCl 2, pH 7.2). NP@ is not soluble in water; it
was 25 fi WQ0IH44830] ved in DMSO and t hen isotonic buffer waBCEHGHBON47TD make
the 0. 1mM final solution. The use of 1the isotonic buffer is essential as
it prevents the enbryos from swelling. The petri dish was renoved fromthe
nosqui t obeeage t3THriatutcas ghtder The fmbzyosvivpusi then hadeveduwied. 30 Eggs

were thep lebt dq NRER ANt bl 1bpRegHhon, o Wi ch yaseathi-ed pytchetween 90
and 120 m nutes after oviposition. A total of around 30 enbryos were

pl aced oﬁ16§lgflcé9§sl%1 ide covered with paper wet with isotonic buffer, with
their posteriqragpolesdld gnethrntiari endmebd oyey dﬁei@eldaélﬂéﬁ path 35 of

t he Iass lid soqQn..as the enmbryos started dr t hey were

tran fer ?é‘g‘ E\% %ey (r)Pd\TAa @H‘tulté'oﬁlrg ur e i %%%?d§¥l d&1Bf which a

strip of (depwerneicwifded Thpeeriﬂady&@ﬁﬂd&é&&d&@fﬁ/e@ﬁd @4Zrla dixbeea stuck at
d. Th i b I

one end. sEeGSICYRE erind b coreredom L, WeLer: satussked:bal ogar bon o

| oaded W(Kﬂlnamls eft ahe, DNt Mdlon Bdyplusi2cA§ Omi &Ké oadér 2f/bpsand

Eppendo h cr Gl f 0 g/ of

(Epp gﬁ)asmﬂi ﬁlﬁﬁ'%&(%o“ﬁ%?pﬂSSGﬁﬂsrlf&L%%zg%ﬂ"Etle%@ XLHEE 38 tﬂQ g

t he hel p i ntronl esS plasm linakis et al., Insect M.
Bi ol0 20002ngPPFaE69-3TEY VNG RECassraYM Fily g ML BOG g‘?lfﬁI}SpCr‘ﬁéth@Pper
plasm d %@\ilede;ﬂatmammimp@p@@a&@m@t intid yonecessaey fortMmoshe
transp05| tion, smd ngcont ains the GFP.cloned within the

i nverted flé(reﬁltﬁéll tteéﬁbl (ﬁe%’laﬁf M i et O IET&C 1 Pef f BFREd by
usi ng anpkppended tiwansjusdingr 5&146 Hyiperaivani pukatasjaicttdx nagasfi cati on.

The need| ec‘ﬁ%%a}ﬁggﬂgt%‘}“%@' 1’6&%@%? §é%{18ﬁ pol £, of n%@h e @rbrygs at a 15

angl e. i'nj ect vol unme was co ul at'i ng e 1 njéection
preé§urelamfotilul¢€d After thej é@ﬁt@ﬁlo@’h@ol@n@ﬁy@ evxérr@rw@ﬁo@édagéﬁt ly from

the hal ogaphen OifnhaM {flected volume was controlled by regulating

the injection pressure and time. After injection, the

embryos were removed gently from the halocarbon oil with

the help of a brush and transferred into a new petri dish

20 containing a stacked layer of filter paper soaked with

isotonic buffer to prevent the eggs from flocating. They

were then allowed to hatch. Hatched larvae were then
analysed under the UV light to detect GFP expression.

An average of 29% of injected embryos survived and

25 around 50% of the hatched larvae showed strong transient

expression of GFP, as monitored by fluorescence. Survival

to adult stage (G,) averaged 10% and was a gocd predictor

of successful transformation. In two experiments that gave

16% adult survival, the progeny of 69 G, mosguitoes yielded

30 92 fluorescent individuals among the 10,539 G, larvae

analysed. It was subsequently determined that the 92

flucrescent G; individuals were derived from a minimum of

five independent G, founders, representing a transformation

freguency of 7% (5/69 surviving adults). This frequency is

35 higher than that reported 1in D. melanogaster and

C. capitata transformation experiments using Minos marked

with the white gene marker (Loukeris et al, Science, 1995;



the help of a brush and transferred into a new petri dish 20 containing a
stacked | ayer of filter paper soaked with isotonic buffer to prevent the
eggs fromfloating. They were then allowed to hatch. Hatched | arvae were
then anampsd@d448dder the UV |ight to detect GFP expressi onPCRGBaVet7age of
29% of injected enbryos survived and1225 around 50% of the hatched | arvae
showed strong transient expression of GFP, as nonitored by fluorescence.
Survival 2700 280Rt 290&ge arGo)Prper ARl 1% athd S@5- aU§Bod1pPedi 8Bor  of
successfghBEL§@§§9nnation. In two experinments that gave 16% adult
survival, t eﬁgrogeny of 69 Go nosquitoes yielded 30 92 fl uorescent

i ndi vi dual s akBfgSt FeCRE S lGIexRe vHBeNBhaPySEddelt iRl ShBsdatsht |y

det er m ngdpthatotpe 192 nd leiarRseantt Hale ik el Srugseodratyed bEom a

m ni num of igg |ndegendent Go ;§%$d rfgf#ﬁfr%%in 23% a transfognation

f r eqencFOP9ed 'S/ B9 UV PFENGS ?i% : & eéﬁ Sy TFET58%HTGher t han
t hat repeant estcedlBntnmelaakddgasteerf cand t Cadta@taatent r ansf or mat i on
experiments using Mnos marked wth the white gene nmarker (Loukeris et al,
Sci ence, 1995; WO 01/44483 PCT/ GBOJ 04771 12 270: 2002-2005, and Proc.
Nat|. Acad. Sci. USA, 1995; 92: 9485-9489). These successful experinents
provide, for the first tinme, conpelling evidence that gerniine
transformation of 5 anopheline nosquitoes is feasible and that M nos

represents an excellent candidate for its achievenent. WO 01/44483
PCT/ GBOO 04771 13 CLAIM5S 1. A nethod for the genetic nodification of an

i nsect enbryo, conprising the steps of: i. treating an insect egg under
conditions which 5 prevent or delay the hardening of the insect egg
chorion; and ii. injecting a transposable elenent into the egg to permt

integration of the elenment into the



genone of the enbryo. 10 2. A nethod according to claim1l, wherein the
insect is an anopheline nosquito. 3. A nethod according to claim 2,
wherein the nosquito is A ganbiae, A arabiensis or A stephensi. 4. A
met hod acwordi4a4g3t o any preceding claim wherein the 15 transposedstie
element is mnos. 5. A nethod accordill)g to any preceding claim further
conprising the injection into the egg of a vector conprising a transposase
gene, cafdlIMHf expression in vivo. 20 6. A nethod according to any
precedi ng cl ain mubhgEEI Fte hd ' 3850P5ADLES8IFEIBIL SONPET 58S 3 igter ol ogous
gene that i s capable of being expressed after integration into the

enbryo. EMOAYRt HMRETDTRF ntf¢ oSeFRPNPE: wherein the 25 heterol ogous gene
encodes a product tthedapreyeahs iddansNkggi AhRir acbest t pahasiv.c8. A

met had according to claim?7 vg;ereinth roduct is n anti-bacteri al
agent. 9. A net hod RCTETHT rftf t hithe Hng @F \ﬁﬁ}?r ¥ 4%e €90 host
parasite is Plasnodthoriabciggad um 10. A nethod according to claim6,

wherein the gene is; a. j Ci gene t C: diﬁgto cl.ai m 6,
wherein the gglnr!"e' plr]gjdeu%%rg Sages mﬁpe%}%% ﬁéﬁqu’? J%%ro Fetivod “Sccor di ng
to any precedi ng clreylwharrdisgrathoeh orehartdeni g amerpy evigriteed tdve del ayed

by inhibiting an YR | dW Ol e dedyi-¢hori on hardeni ng. WO 01/44483
PCT/ GBOQO 04771 14 13. A nethod according to claim 12, wherein the enzyme

is 1¥hend- oxifdde@-had aoCoEiied BRcetdifglt oVBPARATLEhEr 181S8G%R 13 wherein
t he i nhi Bid emdhdi-itid M@yt o p' - guani di nobenzoate. 5 15. A genetically

NDdlfled3§n0pQ§%EQﬁmgpggng%in%b%glg gk% ZPX&herein the mosquito is

A. gambiae, A. arabiensis or A. stephensi.

4. A method according to any preceding claim, wherein the
15 transposable element is minos.
5. A method according to any preceding claim, further

comprising the injection into the egg of a vector
comprising a transposase gene, capable of expression in
vivo.

20 6. A method according to any preceding claim, wherein the
transposable element comprises a heterologous gene that is
capable of being expressed after integration into the
embryo.

7. A method according to claim 6, wherein the

25 heterologous gene encodes a product that prevents
transmission of a host parasite.

8. A method according to claim 7, wherein the product is
an anti-bacterial agent.
9. A method according to claim 7 or claim 8, wherein the

30 host parasite is Plasmodium falciparum.

10. A method according to claim 6, wherein the gene is a
suicide gene.

11. A method according to claim 6, wherein the gene
product causes male sterility.

35 12. A method according to any preceding claim, wherein
chorion hardening is prevented or delayed by inhibiting an

enzyme involved in chorion hardening.



i. treating the egg of an anopheline nosquito enbryo under conditions
whi ch prevent or delay the hardening of the nobsquito egg chorion; and 10
ii. injecting a transposable elenment into the egg, the transposable
el enent beOng4e@apabl e of integrating into the genone of tHGI/GBR®WP4TAIO
enbryo. 16. A nosquito according to 4 aim 15, wherein the 15 transposable
element is Mnos. 17. A nobsquito according to claim15 or claim 16, wherein
t he transposabl meehedeatceodpnd ses @ldEn ekl ogrrre gendhaseneghie negl i n any
of clai rﬁ?gm%]? d1igd8e . Use of an inhibitor of an enzyme involved in the 20
process of chorion hardening, to prevent or delay_hardening _ of the
chorion.249. AsBERBESr dFRGTESTEI &OmCER 1Tkt PR Fh81BnZyme TRETHHeNol
oxi dase. 0. i fsepaceer dsng-hotebphehl8 -or -ghanididopsheigite the 25
inhibitor is ‘g-nl tro,ph%nﬁ/ H{E)P -.gua di no egzoate. 21. Use otf th nos
transposhbl e 2IFHHIGH 1Y AvSidr <4 2RRPBFOLBGINSYeheCr M-I HEREhome of an
anophel ime: mosquito enmbryo. 22. Use according to claim 21, wherein the
het er ol ogous i?’o 9@98a‘c§n85 gﬁél neeggI noényarﬁ)f a%o%l{@l?néo rr:llt;]'Squito

embryo under conditions which prevent or delay

the hardening of the mosquito egg chorion; and

10 ii. injecting a transposable element into the egg,
the transposable element being capable of

integrating into the genome o©f the mosquito

embryo.
16. A mosguito according to c¢laim 15, wherein the
15 transposable element is Minos.

17. A mosqguito according to claim 15 or claim 16, wherein

the transposable element comprises a heterologous gene as

defined in any of claims 6 to 11.

18. Use of an inhibitor of an enzyme involved in the
20 process of chorion hardening, to prevent or delay hardening

of the chorion.

19. Use according to claim 18, wherein the enzyme is

phenol oxidase.

20. Use according to claim 18 or claim 19, wherein the
25 inhibitor is p-nitrophenyl-p'-guanidinobenzoate.

21. Use of the Minos transposable element to transfer a

heterologous gene into the genome of an anopheline mosguito

embryo.

22. Use according to claim 21, wherein the heterologous

30 gene is as defined in any of claims 6 to 11.



