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This is desirable in the case of an agricultural pest, such as the nedfly,
where the it, even if the fermale is sterile. Simlarly,
only tﬂg“F%ﬁa égﬂgggﬁﬁggwéé#es humans. As such, release of the fenale
insect is preferably avoided in these cases. Current techniques to achieve
both sterilisation and separation of the sexes all have draﬁgﬁpks. In sone

cases it is MedeippibiplogicahenniobaredmawndpigintectreAndP1s cPne Biethod QYrAnths
pupal e 1] . 0S| ; . i " i to
iera Ty iof oo iR bpubitont R ARHE NSRBIt EE (ST o1
i nvol veagohweasube sidrilaitdsadtirelshdeanethod WISIRM). hethés hethod,sdrdg anies ek teteasqiduce

a visible or otherw se selectable difference between the sexes, but such
mut agenats the eryiranarnb evhoren theyreapetsrwithbe muldaiype fertde)ldarlesfarmatesspect to
the Wi RevhicH Bl Wi sUARERLEE Blucdhd @ﬁ%)?ing%db[ﬁe 08 1o rd 8 L he
sterilisation procedure, in Ich”insects are given a steril131ng dose of
radi at i ¢l ¥alayhefforg BT tb ayde}reas inalieesighefithe atilt\gesdratiod. | Bahis wayehgient | y,
the doses of chemicals or the dose of radiation required to induce
st eri | isizrofdhe wild popylptian wicpawrolesd- 1 WO 01/ 39599 PCT/ GBOO/ 04541 that whi ch
is lethal for the organism As such, sterile organisns are frequently
inpaired in their

SIT requires some mechanism for insect sterilisation. In addition, SIT commonly also

employs separation of males from females, with the release of only one sex. This is desirable in
the case of an agricultural pest, such as the medfly, where the female damages fruit, even if the
female is sterile. Similarly, only the female mosquito bites humans. As such, release of the

female insect is preferably avoided in these cases.

Current techniques to achieve both sterilisation and separation of the sexes all have
drawbacks. In some cases it is possible to separate males and females by criteria such as pupal
mass or time of eclosion, but these methods are unlikely reliably to yield a truly single-sex
population. Separation of males and females often involves the use of mutant strains, which
have been mutagenised to induce a visible or otherwise selectable difference between the sexes,
but such mutagenesis can reduce the fitness of the resultant stock with respect to the wild type,

which is undesirable.

Fitness may be further reduced in the sterilisation procedure, in which insects are given a
sterilising dose of radiation (X rays or gamma rays), or are chemically sterilised. Frequently,

the doses of chemicals or the dose of radiation required to induce sterilisation are very similar to
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fromthe drawback referred to above, in th rel eased flies have reduced
fi t nessloeslnet fdrovitieuisadbéy ¢dld sartdithonst Matomentorgddisies that liveinya rahgeofDeVaul t
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DeVault et al. (Biotechnology, Vol 14, January 1996, page 46-49) disclose a two-stage
process which is a modification of the SIT procedure. Insects are initially separated by
expression of a stably inserted female specific promoter linked to a lethal gene, which is
expressed to kill females and to produce just one sex. The remaining males can then be
sterilised by irradiation or chemical treatment and released into the environment. However, this
method suffers from the drawback referred to above, in that released flies have reduced fitness
due to the sterilisation treatment. Alternatively, the DeVault article discloses use of this genetic
sexing step in combination with a second genetic system, which may serve to sterilise or retard

the hardiness of the natural population.

There is still a need in the art for a method of biological control which avoids the

problems with the above methods.

The present invention sets out to overcome such problems.



dom nant | ethal genetic system the |ethal effect of which is conditional,
wherein the lethal effect of the lethal systemoccurs in the natura
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capabl effepringearealso kdlpdoduct i on, wherein only one |ethal genetic systemis
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The organism of the invention can be used in population control to pass on the lethal
genetic system through mating, and also to block potentially productive mating of wild type
organisms. Distribution of the organism of the present invention into the environment thus
initiates a biological control system. The organism of the present invention does not need to be
sterilised, thus avoiding problems with sterilisation through irradiation and loss of genetic

fitness.
In a further aspect, the invention provides a method of biological control, comprising:

i breeding a stock of male and female organisms under permissive conditions, allowing
the survival of males and females, to give a dual sex biological control agent;

it releasing the dual sex biological control agent into the environment at a locus for
biological control, and

1l achieving biological control through expression of the genetic system in offspring
resulting from interbreeding of the individuals of the biological control agent with individuals of

the opposite sex of the wild population.
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Thus, in a further embodiment of the invention, the multicellular organism carries a
dominant sex-specific lethal genetic system which is conditional, and does not have a dominant

sex-specific lethal genetic system which is unconditional and is expressed in every individual.

Specifically, under permissive conditions, the lethal genetic system in the organisms of
this invention is not expressed, and a stock of organisms can be bred. Imposition of restrictive
conditions then allows one sex (for example, females) to be killed. The remaining sex (males)
can be released to the environment, and the genetic system is passed on to at least some
offspring resulting from any sexual reproduction between said males and a wild-type organism
of the same species. The conditional dominant lethal genetic system is selected such that
expression of the lethal system occurs in the natural environment. As a result, for a female
specific lethal genetic system, all females which result from the mating are then killed or

rendered non viable due to the action of the genetic system, while the males survive to pass on
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so saving space and food and thereby giving a more economic process. Moreover, the released
larvae will compete with the larvae of the wild population, increasing mortality through density-
dependent mechanisms. By way of illustration, this variation might be useful with mosquitoes,
where the larvae are harmless to humans, but not with medfly or codling moth, where the larvae

eat fruit.

Therefore, in a further aspect the present invention provides a method of biological

control for an organism, the organism having discrete sexual entities, the method comprising the

steps of:
1 production of a stock of genetically engineered organism,;
2 release of the genetically engineered organism into the environment either as
a) a normal population (i.e. containing both sexes) at a certain stage of the

life cycle of the organism, e.g. larvae, in the knowledge that females will die and

only males will mature into adults, or



The invention relies on expression of a conditional dom nant |ethal genetic
system capabl e of sex specific lethality, in order to elimnate one sexual
entity. Woaicsesdi ti onal expression of the |ethal gene i Pcauckootohstt t he

| et hal effect occurs in the natural environment of the organismto cause

t he biol ogical control. .ln a yet rther aspect of the Jnvention
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achi evigsdNod '83‘?5&% C@YH'r ol through expression of the genetic systemin
offspring resulting frominterbreeding of the individuals of the

bi ol ogi cal control agent with individuals of the opposite sex of the wild
popul ati on. Ifheet fuvthat aspectalf e ine¢mdivestht mvengemaeoslicgppniotves g third step;
conditional domi nant |ethal genetic systemfor use in a conbined nmethod of
sex separation and biol ogical control, as herein defined. The invention
furthers pro‘é}ll@%fbi%'giciarémﬁa%?td &&hal system having lethality at nore than
one life cycle stiage. "Specifically, the invention provides an organi sm or
single sex population for use in biological control, wherein the organism
or single s popul ati.o roduces no. viahl.e rogeny when mted with the
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provi des a nmal e popul ati on whi ch produces no viable nale or fenale
progeny. Thitsealony a stetisofimmales tibfesialau@gamnsms unden petmissivat@daning, aljpepng at i on
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optionally before the next step imposing or permitting restrictive conditions to cause

death of individuals of one sex and thereby providing a single sex biological control agent
comprising individuals of the other sex carrying the conditional dominant lethal genetic system;
releasing the dual sex or single sex biological control agent into the environment at a
locus for biological control, and
achieving biological control through expression of the genetic system in offspring
resulting from interbreeding of the individuals of the biological control agent with individuals of

the opposite sex of the wild population.

The invention also relates to organisms comprising a conditional dominant lethal genetic

system for use in a combined method of sex separation and biological control, as herein defined.

The invention further provides a multi-phase lethal system having lethality at more than
one life cycle stage. Specifically, the invention provides an organism or single sex population
for use in biological control, wherein the organism or single sex population produces no viable

progeny when mated with the wild-type opposite sex under restrictive conditions, e.g. in the



expression of a sex specific dom nant conditional |lethal systemis used to
kill one sex to |leave either an essentially pure nmale or fenale
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bi ol ogi cal control enploying that organism and vice versa. 7 WO 01/39599
PCT/ GBOQO' 04541 The non- hunman organi sm of the present invention is suitably
a reconbi naithe orvganers farthenprovidas & methva afdndloginal doatrdlah vdaetethe greyihtodm has
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I et hal @8RGkl poSoTRHnEMS BEitPARRRhahAL.0 the naturally occurring popul ation
of that organism or~ the organismcan conpete with wild type organisns in

mating. The |lethal genetic systemis suitably conprised of a | ethal gene

and control Iﬂlg glv%ggc/)no%:urther provides a method of biological control in which the expression of
the lethal genetic system occurs in the absence of a substance which is absent from the natural
environment of the organism, thus ensuring effective biological control when the organism is

released.

The invention further provides a vector for use in transformation of an organism to
produce an organism according to the present invention, suitable for use in a biological control

scheme.
GENERAL DESCRIPTION OF THE INVENTION

The general features of the invention are first outlined in broad terms for ease of
understanding, before being specifically detailed. The invention is discussed herein with respect
to both organisms for use in a method of biological control and methods of biological control.
Reference to an organism thus generally is taken to include a method of biological control

employing that organism, and vice versa.
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ef f ect réh 18RI ENSRE Hdver, HOURYERboBRMBRY eIRBEI shkteml Iﬁﬁ}h@el cohiRel sinffty be
required in certain situations. Wth reference to plants, the sexual

entiti efahethal gane, shficiait scpretecedhe kethiad nffectbut parts of the sane organi sm
The present invention may thus also be applied to plants, wherein one
sexual entity of a plant is killed. Wth a single sex biological control

agent, the qg@@bﬁhﬂﬂ@kmﬂﬁﬂkﬂﬁaﬁshﬁﬁﬁﬁhmﬁ%@@&B&nﬁ%ﬁ%@ﬁkkﬁuﬂ@éﬁ%&ﬁ@d to be
expressed during growh cycles before rel ease he plant then

di st ri pheredypigdllyexpetssedah yhe heterezpgoupsiatei sthns/ct;)mlempreé&su emaunes gat, iban needed

bef | f t th of seed diStribyti
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reachesyif nefdriRicds heEAMRA iF iRIBst iR thd Sathal ErviXGhRn &thétsr afifdl ronment. Wth
respect to insects and other animals, distributing the organlsnttyplcally

occurs by release of the organlsntlnto t he enV|ronnent Wth plants
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sex-selection before release of organisms for biological control.

When a single sex biological control agent is desired, separation of the sexual entities is
normally achieved in the method by removal of permissive conditions while a stock of an
organism 1s grown up, resulting in the sex specific lethal effect of the genetic system being

manifested. A single sex population remaining may then be isolated.

We prefer that the lethal effect is female specific. However, a male specific lethal effect
may be required in certain situations. With reference to plants, the sexual entities need not be
discrete organisms, but parts of the same organism. The present invention may thus also be
applied to plants, wherein one sexual entity of a plant is killed. With a single sex biological
control agent, the conditional dominant lethal genetic system is permitted to be expressed during
growth cycles before release, and the plant then distributed. Altematively, no such permissive

expression might be needed before release, for instance in the case of seed distribution with the



perm ssive conditions. In the present invention the restrictive conditions
occur in the natural environnent of the organism and are those conditions
whi ch aWo@w/t4389 | et hal effect of the |lethal systemto beCPsprEssed. The
perm ssive conditions which allow the survival of the organismare only
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envi ror‘? R whi ch the popul ation to be controlled is |ocated, or may
survive. Additionally, the natural environment is also an environnment

whi ch provides the necessary restrictive conditions. The universal nature
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invention may be any genetic el ement or nbi nati on of elenments which is
capabl syssém po belengiresyed Tl parnissiveaonditidis whteheailowrtm surhiral eff thabrgafisifre

01/ 39599 PCT/ 0 eneti.c system conpris DNA sequence encoding a
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such as pronoters, enhancers or trans- actlvator conponents. The elenents
whi ch regul ate the gene nay be | ocated on the sane chronosone as the |ethal
gene, whi ciRréferablyedxprassidn obthealonmanatit idtleal goneticisysiomsonenditénapapdri thal ar |y

prefer that the Iet hal syst | et hal gene the expressmn of ichis
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substance or condition is suitably always absent from the natural environment, that is, it is never

or only rarely present in the natural environment in sufficient abundance or concentration to
inactivate or functionally repress the lethal genetic system. Preferably absence of the substance

or condition results in expression of the lethal effect of the lethal system.

The natural environment of the organism is generally the environment in which the
population to be controlled is located, or may survive. Additionally, the natural environment is
also an environment which provides the necessary restrictive conditions. The universal nature of
the invention allows universal application of the methods used in the invention, and the natural
environment may thus be any world environment in which biological control is needed, without

restriction.
DETAILED DESCRIPTION OF THE INVENTION

The lethal genetic system of the present invention may be any genetic element or

combination of elements which is capable of producing a lethal effect. We prefer that the lethal



Preferably the organi smof the present invention has only one |ethal
genetic system the system being conditional on environnental factors.
More prev@neblsy t he system has only one conditional | ethkal/Ggenels4iThe use
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| ethality, or male or fenmle or total sterility. In particular, in plants,
we pr efFORARIGY W its BREVEHATOMRET m| e and/ or femal e ganete- produci ng
tissues or critical parts thereof within the plant are targeted by the

| ethal effect, such that these tissues die when the plant is grown in the
nat ur al enviPrefardhtthe brzahiBimsofithy presdne impleatién hasidnly icoldthabgenetip eysteam, the

seed, or neither pollen nor seed, un|ess grown unde Berm’ss've
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t hen r ebmpleation wiehlpeodwingseedrrymgeduc the motentons g ypiehlly tietegatidie contsipead es
or otherw se spread into the environnent. This is of especial benefit where
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cont ai : grown in field studies for testing prior to
commrgffgfrpgg |e§ﬁ0?mntﬁt%ﬂbut risk to the environnent. 10 WD 01/ 39599

PCT/ GBOO' 04541 The invention thus relates to a nethod for the field
testing of transgenic cro‘tl)sI conprising the steFl of growi ng a transgenic
§ i€
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characteristics, such as its commercial suitability as i
present invention, a reduction in the wild type population size is achieved without the use of
applied sterilisation by externally applied agents such as irradiation or chemicals, but through

the use of targeted lethality based on zygotic lethality, or male or female or total sterility.

In particular, in plants, we prefer that precursors of the male and/or female gamete-
producing tissues or critical parts thereof within the plant are targeted by the lethal effect, such
that these tissues die when the plant is grown in the natural environment. In this way, the plant
will produce no pollen or seed, or neither pollen nor seed, unless grown under permissive
conditions. Given general environmental concerns over genetically modified crops, this
invention is therefore especially useful when applied to plants which are transgenic at another
locus. The transgenic plant will then release no pollen or seed, and cannot cross pollinate other
species or otherwise spread into the environment. This is of especial benefit where the plant has
wind-blown pollen. In this way, the transgenic plant is contained, and can be grown in field

studies for testing prior to commercialisation without risk to the environment.
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a crop or foodstuff, for exanple. The invention also extends to plants
havi ng the conditional |ethal dom nant systemof the invention in

conbi naw@ni1/8%59h one or nore transgenes. The | et hal effeptT/cCBY0/@ISSD be
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type o rggf:nt=,rat1c‘>3‘n to%e re%rgg ;TR%IR; 1% Ihress qgcpqﬁnegx 6)8%3 t;ﬁjlqrrgor{y(la gpecfl %hﬁg 14%
i ndi vi deahBo Bk @oﬂﬁf@ﬂ@wtﬁ"l@&r muﬁﬁcﬁﬁbeetﬁﬂﬂ?,g@g. female-specific lethality. In this case
we demonstrate that this allows the construction of a strain in which both sex-separation and
“sterilisation” are automatic consequences of the withdrawal of permissive conditions from the

last generation prior to release.

Also preferred, in certain circumstances, is late-acting lethality, which takes advantage of
the feature of density-dependent negative selection, in which the chances of an individual
surviving to reproduce is negatively dependent of the total number on individuals in the
population of which it is a part. The mechanism for this is typically competition between
individuals for limited resources, such as food. By way of example, in the case of mosquitoes,
this competition might act on larvae competing for food. If the lethal phase is later than this
larval competition stage, then the individuals (e.g. female larvae) who will be killed by the lethal
system will nonetheless compete for resources during their larval stage and so indirectly reduce

the numbers of their conspecifics, even those that do not carry the lethal system at all.
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which it is intended to prevent. By way of exanple, in the case of
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v
such genes may al so bé Simlarly constructs which result in
i nadequddiéionxposgito (faedofg ianiso epdesniablkel argleprefevably killaigsie effectbd shratly baforesor

m ght be achi reSS| on of an inhibitory sequence, for exanple
anti septda g&ﬂéﬁegé%ﬁgﬁ’o aéactl ng by gene silencing), double stranded RNA

("inhibitory RNA" or RNAI) or other inhibitory RNA nol ecul e.
Overexpression of protein inhibitors of essential functions could al so
per f orm t hi Thellehsigdené onihitilahal g@létﬁrsysuahtmw b:e arazr@aetsi;c ¢lomertinghink & dapgple

const ructs i ncl ude enes ] ch Srupt t requl ati on of the

cel | t Of saysigdhe éS‘@ct Af or é‘i\g‘g’r‘i‘gé% é?aﬁﬁt ‘Pfgﬁl bbﬁ’aé%"r s edﬁmeOVerS gene
extrac [ I Shh
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97, 15, 8229 - 8232], and the N ppl Dm gene, a Drosophila honol ogue of
manmal i an NI PP1 (see Exanple 7). Qther possibilities for |ethal genes

i nclude sexydeler ol RasHARNIER B ee(@'mcﬂot ¥1c % ﬂfeqn@maﬁ.f %ﬁe tibg &e&aﬂ tge

organit sm In thr's case, trans ITB.tIOI’l (0] es to ster

al so endblieabhd gdne Pprahictscwith Ivaﬂyntglohfelt&:sh iFGK/edlmplQ défifkht 3R589 forms of cell-
PCT/ GBOO 04541 and the lethal gene is_ lethal to the population as such and
not spékﬁnﬁli 1@3|0F9el{-6yqlq:]ger@§ @grﬁpg]:ﬁpn@wetpéuse in the present invention. Constructs which

result in overexpression of such genes may also be lethal. Similarly constructs which result in
inadequate expression of any essential gene would also be lethal. This might be achieved by
expression of an inhibitory sequence, for example antisense RNA, sense RNA (acting by gene
silencing), double stranded RNA (“inhibitory RNA” or RNAI) or other inhibitory RNA
molecule. Overexpression of protein inhibitors of essential functions could also perform this
lethal function. Other suitable targets for engineering constructs include genes which disrupt
metabolism or regulation of the cell to a fatal extent, such as disruption or overexpression of
extracellular signalling factors such as functional homologues of Wnt, Shh or TGFf. Preferred
lethal genes are those described in the Examples herein, the Aid gene [see Heinrich and Scott,
P.N.A.S July 18 2000, volume 97, 15, 8229 - 8232], and the NipplDm gene, a Drosophila
homologue of mammalian NIPP1 (see Example 7). Other possibilities for lethal genes include
sex-determination genes which may act to transform the sex of the organism. In this case,

transformation of females to sterile males would also enable biological control to be achieved,
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the wi popul ation. The~t arget ass may be, for ex mal es,
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of greater than 95% of the target. class, i1l nor referably 99% and nost
prefer aasf%ogfe%er%néfm%@a aN gl Bay g&mrgfsﬁge<? betah o Besineng preden

condi tipRal,nature of the lethal systemmay be conditional on any suitable
factor, such as tenperature, diurnal cycle (with light duration and/or
intensity being factors) or pheronones, for exanple. In this case, the
reconbi nant _stock _ coul d be reare t the perm ssive tenperature, and
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known tleneeleased imto theenatdral environment. The lethal effect of the lethal system is controlled

such that the released organisms are able to breed, and sexual reproduction allows the lethal
system to be passed into the wild type population, killing all or a defined group of these
organisms. We prefer that the lethal effect results in killing of greater than 90% of the target
class of the progeny of matings between released organisms and the wild population. The target
class may be, for example, females, i.e. 50% of the progeny. More preferably the lethal effect
results in killing of greater than 95% of the target class, still more preferably 99% and most

preferably 100 % of the target organisms in the environment.

The conditional nature of the lethal system may be conditional on any suitable factor,
such as temperature, diurnal cycle (with light duration and/or intensity being factors) or
pheromones, for example. In this case, the recombinant stock could be reared at the permissive
temperature, and released into an environment having a restrictive temperature. Suitably the
lethal effect occurs at a temperature which is at least 5°C, more preferably 10°C, more

preferably 20°C, within the extremes of the temperature range known to occur in the
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functional across a broad tenperature range, such as nmay occur naturally
within the i ronnent where the organi smis found. Ex i cal
Hemer at ur o WHHGIE Sresse o dioes! o fantripitel ¢ e &2 S5c
20C or t&ﬁ&rﬁﬁr@%&t@é% Ry Qe wEpRES iR |gYeagé? zhdnejd%‘bf ik lofShisdh®s SRRt ed

in at |'east 95% of organi’sns across this enperature range, in that
95% of iothgamitgakenvironiicht, evbrapretmsbly atieast O&¥p predicrably at lwastiH8 %, preferablyradr e

pr ef er % 99% or even nore. Mre generally, the highest survival rate
at any eats\é?rigroétnlﬂr% is preferably | ess than 10% suitably 5% 2% 1% or

| ess. The lethal effect of the lethal systemis preferably expressed in the
nat ural environnment when the organismis distributed into its natural

envi ronnent Tire lethyl geattic systeynsadche priesegpt 1ne'|amncrmarmgamqralﬂymce$p®epmble tof the

P TR NG R T T AN R
di et I
oLy Y S0, g 00 B 1SS Bl P 2

to be ghwfionard adbl rfumioﬁar deE03t abrdadderhpérateeiiahpdy Quchby ikl ogdueu&btaslyt he
| ethal effect. On release into the wild, the organismhas no exposure to

the addvithinéhe engiranmpet Whare Hie asganisen isgpunche Examples of pmicahiempeeatyesangesl i n
the pr % eS‘yC SO@Cn%tolrengsuVWl;[I ti'O‘I(Lt"to 4954C such as 15°C, 20°C or 25°C to 30°C, 35°C or

40°C. Preferably the lethal effect is exhibited in at least 95% of organisms across this whole
temperature range, in that 95% of organisms are killed at any given temperature in the range,
more preferably 98%, 99% or even more. More generally, the highest survival rate at any

temperature is preferably less than 10%, suitably 5%, 2%, 1% or less.

The lethal effect of the lethal system is preferably expressed in the natural environment
when the organism is distributed into its natural environment or any naturally occurring
environment, irrespective of the natural conditions which can occur or which prevail in that

environment.

We prefer that the lethal effect of the lethal system is conditional upon a dietary additive,
such as a food or water additive, which is not a normal food component for the target species.
This allows the recombinant stock to be grown on food or water containing the additive, which
prevents the lethal effect. On release into the wild, the organism has no exposure to the additive,

and the lethal effect of the lethal system is expressed in the progeny of a mating with the
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WO 01/ 39599 PCT/ GBOO 04541 reconbi nant organi smof the invention. It may
al so be expressed in the parent organi smunder certain circunstances,

al t hougiwo he3ased eased or gani sm nmust survive | ong enough POT/GBOE45#PY ef erred
factors on which the expression of the |ethal system can be nade

diti |.. includ | bi oti h t l.i. d -anti bi pti
{ ot r acyETTHUn ST RRO LG BRI TL K TR 2P e SRIEwScdH i1 HAHEOrBH R L he
prefer rc%f!aih%ﬁ&ﬁﬁyﬁhéeapaéfhgag@ﬁéirabs‘s_eaﬁ%ﬁ%@ﬁmm‘aﬂo@%gtepoﬁghw@raﬁdt_@.n-

Non-anti biotic conpounds are especia preferred to avoi d potenti al
problenms with antibiotic accunulation in the environnent. Suitable

O e PR RAHE s R T Y4 Ge oQURUPT
l'et hal ;gff, efntfb?otﬁ;? e@ehtdsqa?alctyamra fdhehab¥btid@diatidfe ahhloBBes 48 dehiddtivebe

progeny w survive w thout thenselves ingesting or absorbing the dietary
addi t i vkered® whichdopdton wiktethe prefgeed/tetragyetine sepedssibledystieni eithe pfeserite addi tive
fromtheir parents Q{), from an rglgrl ier |i ie c%(cl st age wi t.hout, feeding, or
at t he eREen: NenzgHpiotic compounsls azg GRFyaloE el"rregltr‘? £YRLd BPsgHH\ProbiRmS W‘tgf fect

m ght  pagBiotiP 59&&9(81%%5?1 iRthd QfErofRRAY AuiaPR REHSIS iﬁé]ﬁcflé &ﬁ@%ket?{c Qfife and

fully expressed restrictive conditions. W prefer that e

r econbianaydrotetradyicting, lalthewghostharsugable hindlbgiep neyeiso herengrioyadnacapprepriase. a
dom nant |ethal systemthe |ethal effect of which is conditionally
suppressible. In this way, the |lethal effect is suppressed under

controlled It i; at.u 1 t he
organi sm ool St Aon PR AR d el AR B TR AL Ok
expr essvitisutvivr withanphemseben digestinpgpdr absdrbirngtthodiptarpadditfe. ifirelkample, the used
in the present, invention. W particul arl refer that the repressible
expr es SIrogeny paightFefan %‘(‘fg‘éff"i“d%f)}]é‘? ?qtﬁ’étl réglé‘?ﬁ)‘ki?aéem%ng‘é‘ﬁﬁananﬁ?é‘EF cycle
tetracygl I ri i fiont b ,nhidit
excpr osayi5g ikl (B ER o Hede LKA kG o0 oot OB Brognl L IhE
det ai | dffect hzhepasphresghenecdrmoregendrstaisbeforbitte lethbl effogcisi foky syatsed has
al so been shown to work in plants (see Zuo and Chua, 2000, Curr. Opin.
Bi ot ecndgrirestaigtive¢pndiioBs-ences therein). The repressible |ac repressor
systemis less preferred, as the inducer (IPTG is less diffusible and
nore toxic than tetracycline. 15

We prefer that the recombinant multicellular organism of the present invention contains

a dominant lethal system the lethal effect of which is conditionally suppressible. In this way, the
lethal effect is suppressed under controlled conditions, but not suppressed in the natural
environment of the organism. However, there may be other ways to attain conditional
expression (for example, conditional activation), any of which may be used in the present

invention.

We particularly prefer that the repressible expression system is a tetracycline repressible
system in which tetracycline, or an analogue or derivative thereof, is used to inhibit expression
of the lethal system. One suitable system is described in detail in the examples herein, in
insects. This tetracycline system has also been shown to work in plants (see Zuo and Chua,

2000, Curr. Opin. Biotech. 11:146 and references therein).

The repressible lac repressor system is less preferred, as the inducer (IPTG) is less

diffusible and more toxic than tetracycline.
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WO 01/ 39599 PCT/ GBOO 04541 By way of contrast, an inducible system may be
based upon the constitutive expression of a toxin and inducible expression
of a repv@ssss9nf the toxin. One such exanpl e descri bed Por/GRBowosand Chua
(supra) inrelation to plants is based on expression of a chineric
transcription factor which is normally inactive (sequestered by binding to
Hsp90). In the presence of the inducer (a steroid hornone or anal ogue,

e.g. dexamehagRcontrite dnfiAdishle Byt nfag bl BasddSupost teasamtitutive expleh and
can drive gene éxpression. The conponentsS of this systemare i Pronoter -

t oxi n OREtaxin B:damdu@bletwamss;on pf a mprefsasvmfrtheomcmu |®n€rsuahgz§mnplteudg$vnbed in

fact or - t fic A9
or oot 2000 19 B (rubted T rdetonsB et s Saedcostereie ar p dfimi SR Sl SrElBRon o
functi enalr ALK Rhorrh My §M§t‘i§r([héqile§t@1%ﬂ by%ﬁﬁdlﬁgﬂtoqliép%) SEURS Ff@é@&@bftﬂée

tapetum In the tapetum th oxin and"the transcription factor are both
expr es selbicer (a sfer@d dnueoneair anhlogia) dug: dexaftethagontd xthentriahsesiptien factdras rebeasebt e

is als%8P¥§ ezygﬂ 88 Blants treated with dexamethasone are normal, but

t hose PR @i OHVH B FEPFEY8Re produce no pollen. Suitably barnase
and barstar (Hartley, RW 1988, J. M. Biol. 202:913, Hartley, RW
T.1.B. S. 14: 450 - 454, 1989) maybe used as toxin and antidote,
respectiveIﬁheHmmpm&mnuMhhksymBamnase and Barstar are suitabl e exanples of

a toxin/repressor palr %& invention is not so limted, and a suitable
represéor c HpoteLT oy @Ry anscri ptional (or other) level, and the toxin

itself;; doep. 4R mﬂbpﬁM%Ch iemAPONEin. It is the lethal effect of the
IC

| et hal systen1 onditional, and not solely the expression of the

| et hal iigene Trasenimgfonrfectot- tmpom;wmpromnter rahudiss ORfe possibility of
conditional control both at the level of |ethal gene expression, and by
control of the activity of the lethal gene product. As such, the invention

i ncl udes th | t : ced but
Lhe of fect  SHRERF. e bhilicofic £ %@C&i@*ﬁaﬁ%@%&oﬁ%@%ﬁ%&%ﬁ% 04541 Ve

pr ef er réduired féreprodatchion oﬁfunt:hmal pobert. i The system iotien ‘offybrdlbnsues axeept thd ngl e
condi ti onal

tapetum. In the tapetum, the toxin and the transcription factor are both expressed. In presence

of the inducer (here dexamethasone), the antidote is also expressed. So plants treated with

dexamethasone are normal, but those not treated with dexamethasone produce no pollen.

Suitably barnase and barstar (Hartley, RW, 1988, J. Mol. Biol. 202:913, Hartley, RW,
T.LB.S. 14: 450 - 454, 1989) may be used as toxin and antidote, respectively. However, while
Barnase and Barstar are suitable examples of a toxin/repressor pair, the invention is not so
limited, and a suitable repressor could act at a transcriptional (or other) level, and the toxin itself

does not have to be a protein.

It is the lethal effect of the lethal system which is conditional, and not solely the
expression of the lethal gene. Therefore, the invention includes the possibility of conditional
control both at the level of lethal gene expression, and by control of the activity of the lethal
gene product. As such, the invention includes the case in which the lethal gene product is being

produced but the effect of which is masked in some way.
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dom nant | ethal genetic system In addition, we prefer that this systemis
the only reconbinant elenent present in the organism W particularly
prefer tab1/s93e organi sm contains only one type of |etheCT/gBn@4slout it is
possi ble to envisage nmultiple |ethal genes under the sane regul atory
control, giving the integrated_genetic. constryct concept. but. nor e .
efficient | eWﬁQF‘?f?rythﬁ)tfth? Risthod e Pheninvamtion WP ptd oreBaIRas Ve sindy Badiinel.
the co ' REYREATTh SiditiBn, WASpRER Bt Phis SKRIPTS tHlonPfBofmBRANONE
pronntgﬁﬁﬁ Igﬁ%?%§%P§n1ggighe inJénFionpis pre é?a Iy recoﬁ%@ﬁang, mh?ch
ref er s efrangit prdsynttin tlenyrgarosmya iV espartidid sty prefeethat theedreanisth chatginbealy @lettgpeed
by genetic manipulation. W prefer that. t he rganismis nodified b

i nser t ioddhetbal ggngdybit lblé?%lbfertéﬁl%ﬁﬁgwu]é’é’#elﬁh@i)%qn@ﬁﬁﬁ{gr(ﬂéqﬁ?ﬁqee@ 9% not er
or enh QIaY ' RSHOFu 8 AdrBBARGD foRDIgBE 6 The
transggﬁﬁggﬂg%%%gﬁgﬂ@£$§&ggﬁ%ﬁ%ﬁ%&“#ﬁé&Fet a sysgen1 |cﬁaproguces a
condi t isgstem. ITid¢ihgleldtied teendHoap e nnder thecamtiot dHynstl onegrdradteeinf the gemay al so
be generated using genetic conponents derived fromthe sane (host)

speci es$YstEgy oRgrghel one PBREer derived froma different gene in the sanme
species, when placed in front of a gene which is only normally expressed
at lowlevels, may result in a |lethal effect. The reconbi nant organismis
thus either a transgenic organismor one in which the host genetic

mat eri al has _been nodified to produce a_lethal system The nulticellular
or gani sm maylhseorganysm of tisilayantien iy preferablyregpmbianty wihyhy refers,grnsepllyitn any

componieeri WREE Fricto Allctal bR 4eRl al ot B e R ATRICHE W Eprer gl

t ransf er%zﬁﬁfsnfl isofbdified by gasitRmdfa gahgiders fragrént o gearmgicelentdne (suok@nbi on i s
al so applicable to fish, such as the sea | anprey, against which sterile
mal e r @remeEr preHisnebEoRARathEBEIFCISAIP ByRAce PErapsgeniC ANy SheiraRseerist t he

o T dTeastr pEeHneR
pei ng nareRtn i BRRUE ll Sardb Al BlodfA chlARGI I RALAE R R PR

i ndi r econ@igishal 18haledTecpmay slsabe géttosed Lsing gérktivkombotatsderiaddige thatsamae or
nore stage of their life cycle by, for exanple, eating crops or danagi ng
ani mal ghosPhepecivanFywpiampiss B vRmeiehdarvpd Gvane dfaye spisinihe sanasspeeiss, When

o B

mal ar i affebi) difeqetorighn® oBfan@nORNhEEthet § eandgbaio ohgaiBsns or Griech witicl the@dstock

or plants are also known. 17
genetic material has been modified to produce a lethal system.

The multicellular organism may be any organism, such as a plant or animal. Indeed, the
invention is generally only limited to those organisms having a sexual component in their life
cycle, which enables the lethal system to be transferred from one organism to another. For
example, the invention is also applicable to fish, such as the sea lamprey, against which sterile
male release techniques have been employed. We particularly prefer that the multicellular
organism of the invention is an insect, with insect pests being particularly preferred. An insect
pest may be either a direct or an indirect pest. Direct pests are those insects which cause damage
at one or more stage of their life cycle by, for example, eating crops or damaging animals. The
New World screw-worm fly Cochliomyia hominivorax, for example, is a direct pest of cattle.
Indirect pests are those insects which are vectors of human diseases, such as mosquitoes which
carry malaria. Indirect pests of organisms other than humans, such as livestock or plants are also

known.
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WO 01/ 39599 PCT/ GB00O/ 04541 Preferred insect targets for the present

i nvention include Crop (arable and forestry) pests aninmal pests and di sease
vect or swansasgshes of specific organi sns which potential | pCvepobes4used i n

t he present invention include, but are not |limted to: Australian sheep
blowfly (Lucilia cuprina, Asian tiger nosquito (Aedes al bopictus);
Japanese beetle (Popilla japonica), Wite- fringed beetle (G aphognatus

spp.), CGtr gefajr&pllﬁgécy talr S E YT W@dﬁ 1n"0@1§ﬁd1'ﬁhéludt§th${“(&?dblé ind fordstry) pestsacus

dorsalis), Ive fruit y (Dacus ol eae), tropical gDacus
cucur batiae) p&acarsl dlzaanavmc)rs E/wnples pﬁspeauﬁcforgantsnisl xyhx(cmeo@ntml ysmeiam t at a),

Nat al f t fly (Ceratit Ch

QueonshEDRATETT Y paia PERRRY L Firai Jmiediq BT e PRy BAREETS epha
SUSpengg%rhna' ARAA 4 g[ ﬁlb&ﬁut@Qh@déssﬂlgcgﬂ @ﬁ’é)SJaﬁ)hﬁé@E Béétle (%bﬁl&g@b&:&d)%iﬁﬁ@)
Gypsy Lyman ria I spar) (Cydi a pononella), Brown tail

mot h- ( Emged(bbeti;e Chuybggnohoeg).), cymls bhckﬂ}e&ﬁeuranhuﬂmoglmde@na@gyﬁﬂllt fly

o ownePARE SBEH zmﬁsva?ﬁgrém Foac Pt S PGS PHe bt SR
bezzi a%?muﬁslg Giferfan¥arl ﬁn@ﬁ '(aémﬁap),«apz%)l NUBE It dﬁ@%ﬁﬁ%&tﬁ Ok

Dansel agma agehi’), Dragonfly (Libellul’a |uctuosa), and ri ce
stem bﬁlyeth@Btiqth:rema) Qnemstauﬂ dsijit. fly [Revireveza dwsmb;s@an’vglyeamﬁurt @iyt(dbdlsitlrepila of

many of the above ar ke et 996 Rev. 41:
D1 2 uspgnsaneEet fieits CORYGRS rishitd: SHEUoPEO BAh Coas melil g anire

Cal ki n S N9R% CRC
Pr ess. ﬁiség&, gg%&?&éé@iby %awoyKnrog% H@r Bg({%atfah%&fl S%#rg%;mu stlgg\:/%g?]? g!ntﬁ)f 42:
503- 52 FvanthoByuitha( ABHiaz@geiti)amalarig hed4hitaks (ANﬁhefegjga@lblme AhophateslstepBB(H) :
847-850, It wll be und rstood t hat . the r vent i on ener al |
appl i calsmewerdd équWWBF’E'i( ethligmyja €‘f‘F§’ @Qﬂgﬁf‘ég C§11"9é%fﬁ"éfﬁuct| gn
such a 0 I ck is

"o cacRe iRl TspB0 By 01 ﬁa?(’f;‘a“gf???)H‘?%‘Z"Og?#‘ig‘““'?ﬁﬁgﬁ%z‘*ﬁm ol ants,
wher e {(Iealkghiatitigeniy DragonfiLife/luldvacposg e dut Bed Semlbiogdtt(ll"wpdnfziz éncervulas).

Either the ganetes thenselves are rgl eased, (9 poI ?ér Ia ts are
di sper f&yiews dgscu%?ﬂngtihéﬁ'élt%i‘t@iloﬁglanyf’ ths 3PPYSE v@‘i’ e R @l 13 8lce

their %%Porng&i%f 'z;{?-zg@t Mﬂegé s e/l J1S ﬁmzmu'we&ﬁﬁhto%m Qf71-4987 ', @ailaﬁseuse
in the control those we és, su rye grass, which are not wel
cont r olgl.ed 984) Frals fli@nind hiss fiedledesect techmq;m IR C Resssl ISBNe%mnm%aS/e

devel o d her bi ci de_tol erance. Not all of thedg HB Wn ?r{a ldie to
descri Kaafspiogr aby 997 eAnmy. Rev sEntpmok ddr FE3sfdandy R. de Shazo et al., (1994)
Allergy Clin. Immunol. 93(5): 847-850. It will be understood that the present invention is
generally applicable to all multicellular organisms capable of sexual reproduction, such as plants

and animals.

For all animals, the transgenic stock is released into the environment at appropriate sites
and times. For plants, where the adults are not mobile, the procedure is slightly different. Either
the gametes themselves are released, e.g. as pollen, or plants are dispersed, e.g. at field margins,
to pollinate wild weeds and so reduce their reproductive potential. The present invention is of
particular use in the control of those weeds, such as rye grass, which are not well controlled by

current herbicides, or against weed types which have developed herbicide tolerance.

Not all of the terms which are used to describe, for example, plants are applicable to
animals or vice versa. However, the principles of the invention as laid out in relation to one

species may readily be applied to other species by a person skilled in the art. For example,

18



animals or vice versa. However, the principles of the invention as |aid out
inrelation to one species may readily be applied to other species by a
person s%0bi/#39¢ n the art. For exanple, 18 WO 01/ 39599 RAVGBBOOSOU541
where the terns female' and nmale' are used in relation to insects, these

may al so refer to.plants .having only viable female. or mal IS S

res pecf”&%?ﬁ{}? e\ﬂﬂér%nggepﬁg%rrpglfe%e?ﬁeedylpé? lg%g’%nseschspg}eg? fn(%XSlsélr%%H% ;ar%t%f er
to pl apianybhIGRidbY Renbeeor ﬁ@@@i@@k@%s?&ﬂve@, Rasicappfoptia®i ITheitérdal Besex _
tissues fromother plants. The invention i's preferably such that expression
of t hesépatdtiah’ gematay cefeywtpatsiwhichdlavbesn separatedion theeasisafithanmeble sex whi ch
the organismis yel eased for biological control, and is wunaffected by

nat ur alSU&? S’Eni%heripﬁa@?lvi ronmental factors. In this way, biological control
is always achievable using the present invention, irrespective of the site
of release, tine of release, or any other environnental conditions. \Were
the factor controlling conditional expression is artificial, thenit is

i medi atel y,_cl h t. by defjnjti in t tur al
envi ronnent The AR epRas BTt Robe S IR Sisedlandtand rtisD Rere dveurd willéndBce ™
that ibediRYn B8 enVRbMBES T WhicRRRE bREnIGYSS rdl&RediR!biol16fica oAt hd Br t he

world environnment. Essentially any natural environnment |t$elf provi des the
r est r i onhaffeeteddrydiatirehaarfation irhenvirongantekfartorse solthis myi plologicabeaitioyisc al
control,. As such.the.restrictive candi.tions.are.guaranteed t occur_upon
or gani H#pAHERbleIig e PSP Ry BOnATFIPCEIGE O O A Grio cFtn HEsCFeleasd
condi t LORS, Whir envAbiufibhtal RBdARLS OWIRte thE %clt&tclaﬁ{roﬁi}ﬁ%E@ﬁﬂiti&ﬂa@%ﬁ?ﬁr@&ﬁdﬁ fshe
natural ervironment of the organism provides the absence of a controlling
f act or asificcadytbién it dnimmebdiatelyt diean suahsafattor cannek yatsfindionoicurtia the rstural

genetic systemin the environnment. The nulticellular or .smof the

prese nFnYlgﬂPgﬁf’f'o hepi.’r@?f@t HEPUuoS eésePB?elWalPan%@fce H '!hﬁ SHESYR %Y e or nore
| oci . hﬂiv&ﬁﬁﬂ?%ﬁﬁdﬁ& 098 (R i1 ST Buhy O e RRITRIZNIAYSmERPY of the |ethal

system then at | east one copy of the systemw || be passed to any
of fspring during sexual reproduction. Therefore, the dom nant [ethal

effect will be exerted, except in pernjssiv ondjti.ons. The esent
i nvention mEySeHHILAY %urahqn%ggm@gtdtsEktpé%%ﬁéﬁ? Esiistive ﬁ%ndd%?ﬂsﬁéﬁ € | et hal

syst e%#ﬁﬁ}gﬁl\{ SLsultind ih biﬁl%%ﬁ:al QRkrofl As (k8 RS fe3R1ctiv caﬂdiﬂiorﬂaa‘{@%@aré}ﬁ&ﬁ tof
the | etha nd t d :

system ~ a e“effect on the population is reduce

occur upon organism release, and there is no concern that local environmental conditions will

affect the action of the lethal system. Preferably the natural environment of the organism
provides the absence of a controlling factor or condition, which then results in expression of the

lethal genetic system in the environment.

The multicellular organism of the present invention preferably has a lethal system
homozygous at one or more loci. In the situation where there is one homozygous copy of the
lethal system, then at least one copy of the system will be passed to any offspring during sexual
reproduction. Therefore, the dominant lethal effect will be exerted, except in permissive
conditions. The present invention may be carried out using a heterozygote for the dominant
lethal system. However, in this case, not all the offspring will have a copy of the lethal system,

and the effect on the population is reduced.
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19 WO 01/ 39599 PCT/ GO0 04541 It is preferred that all the elenments of the
genetic systemare present on the sanme chronosone, in close proximty. In
this wawont/395%9 | i kely that all elenents of the |ethal sper/espo/esser passed
on to subsequent generations. However, the |ethal system can al so function
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be ki | li&dspatrio®awiéar, adnmitegasfafesmedmgd il 08ter arfgamikime.h Ircmad By, mradiated oralasane
system are viable_ and may mate with further femal es

i h
o bt etk (kS GO Sa B R GERURYE PORES s eHO U
Wi t houg;,. Burghe linsf?’éah'off't}?é @n 1'1'1‘38121%@“@)'[ 1978 gﬁle§¥ §$rﬁﬂ6§{‘ﬂel4|-l(?mﬁé’£@ﬁtﬁa¥ be

| ost fromthe~“gene I'n the case in cont ai ns | et hal
genet i peﬁcyx,%rt@m mlpbxbvanémmlaeoﬁlmnﬁdmtlbmt haI

The method of the invention alternatively uses a sex-specific lethal system to achieve sex
separation before or after release of organisms into the environment. In a preferred
embodiment, the multicellular organism is an insect containing a homozygous dominant lethal
system, the lethal effect of which is lethal only to females. In this embodiment males released
into the natural environment will not be killed. After mating with females, female offspring will
contain at least one copy of the dominant system and be killed. However, male offspring, 50%
of which contain the dominant system, are viable and may mate with further females. In this
way, the dominant system may be transmitted to subsequent generations, although without

further artificial introductions the system will eventually be lost from the gene pool.

In the case in which a male contains a lethal genetic system with a female specific lethal

effect, then males released into the environment will not be killed. However, the lethal effect of
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effect, then nmales released into the environment will not be kill ed.
However, the lethal effect of 20 WO 01/39599 PCT/ GBOO 04541 the | ethal
syst em ive0 81/345b9 mani fested in the natural environnent - PeEGBDo4S s ef f ect
is limted to females. Sex-specific lethality may be achieved in a nunber

et hal e i B FRERRlfminec el anaedr oot B BaSEE R on

in one g@XlesThis approach will allowkilling of a single sex even if
expression of the lethal gene of gene product is not sex specific.

Candi dates for fenmale sex- speci fic lethal genes include genes fromthe sex
determ nati o%xpat h

' Fenal os. SrCHEREE Tt B BF O SURLA T REPLAFRR Havh PR erBleHds: s

syste Wﬁaosﬁbk% Rad A y&Lépecﬁ% RERATRE adpart BEhE BitA |sy§3§ﬁ ew%se%%ﬂ@pmgéqgtoxﬁmy
be controlled so that is expressed or produced only in one sex (or in

only omalyganetesenr Thxsﬁgaﬂoadr 'gelhalln‘w hllhrlrgcpﬁm:pnglgdm @ben 1fprr@ﬁ@nmf ¢he lethal
sex-speci fi ronoters or enhan i ei t her cpnbi nat

it ocent pEefeRIOHE B S EOHE: ane LR i Tanil S Pl e CERet B
splici @nesoﬁ&’ﬁ'tﬁi@&x%%ﬁ{atl@gﬁthmy ﬁ?éxa%ﬂﬂ@ hf)ﬁ&l%@ﬁv@&rﬂ&%ﬁia@@ an@tdxic
possi bl'e conbi nati ons of non- specific | ethal genés, sex-Specific |ethal

genes, indemalpsor gerss denvast feom senh] ddferapat ol prganpatogeness syséanes. envi saged by
the present invention. In addition, other sex-specific factors which
control the lethal effect of the lethal gene are included in the present

i nvention. W@erﬁitﬁ/%ﬁntexéreéé?dﬁt d1QRe RSO gbRCrUdRS ﬁdﬂatrﬂ%@éonlﬁ‘oﬁle@ e @@l it 1s

control in which thé |ethal effect nay be sex-specifi’c at one stage of the
| i fe cyxbeessddutr pbaduced braly in ondseix{osExady ane mmtthmrsexsala:ggan ¢ar exanple, the

| et hal m efemaesemf in an adult organi ut. be.l et hal
o o elRieod Por GPERIE SOR i e rramo b s g in ok any B sednCitgrin oy may
be kil |c%91bmatloﬁ>€\9fhes%§1595blﬁé 1ihe 5&%%%&5&%@ lefhai @AY L sHREAR s Y}bﬁl@ t he

organi smthen breeds in the wl passi ng on enetic constr t hen
bot h n@rreadesmhoftenaiods fmresnxhped(ﬁct g, exﬁ_wsshomnAHf}ﬁ)embleccambumaoas:dnﬁ Imned by a

pronoter W sex speci.fli t one |life cycle stage, but not _at anot her,
D by, et fhal et etonapot o e B e8ncsc Bt SRSt 1P P RO CTA PTG ot o1 5.
for exapphErerdtt Ehﬂ!;a%eﬁ B?hﬁ'pre&‘ﬁﬁn@gﬁndﬂ ghtaat 159 résEP gg ik faEfB::r]sO \t%ﬁigﬁpect

a lethal effect manifested at an enmbryonic or larval sta
control the lethal effect of the lethal gene are included in the present invention.

The present invention also includes a method of biological control in which the lethal
effect may be sex-specific at one stage of the life cycle, but be lethal to both sexes at another
stage. For example, the lethal system may be female specific in an adult organism, but be lethal
to both males and females in the larval stage. In such a case, one sex may be killed by
expression of the lethal system in the adult form. When the organism then breeds in the wild,
passing on the genetic construct, then both males and females can be killed. Such an effect can
be achieved by a promoter which is sex specific at one life cycle stage, but not at another, or by
placing the lethal gene under control of two different promoters, for example. Multiple lethal

systems might also be employed.
For example, a lethal effect manifested at an embryonic or larval stage will not affect

adult organisms, if they are grown under permissive conditions through this stage. As such,

organisms may be distributed into the environment after the lethal life cycle stage, allowing the

21



adult organisns, if they are grown under perm ssive conditions through this
stage. As such, organisnms may be distributed into the environnent after

t he | et v 01/39529 cycl e stage, allowing the 21 WO 01/ 39599r@UGBBBAAA 04541

| et hal systemto be passed into the wild-type popul ati on through sexual

dyc h | t
be't ar debdaHgapeeEseeh it HeridhER RpuRltL e e B o iR RO 7
cycle giad8tged, Eu&%rtﬁ@ﬁdtﬁtts@agev‘ﬁla?%%f)%é tﬁr@élﬁd B?Seléﬂﬂoh'df%kﬁé&'cﬁ@r&ﬁ&@f&' sm of
t he preSent |nvent| on has a copy of the lethal” genetic systemat nore than

one | ocupresedet epeaifiolife chele blegesalf appsipeptei s honbzygous at nore than one

| ocus. Multiple copies of the | ethal system are useful to enhance the
effect of the invention. For exanple, if the organismis honbzygous at one
|l ocus for a female specific lethal system any fenmales that result from
mating of the organismwith wild type females will be killed. Mile

of f spri ng WiWE psafenthatghe mmﬁioekiulayongam'smc;fyh@presdneiwysﬁmrhxas@ﬂopybﬁ tiiplethalt he
next (second) eneration of nmale_o carry. the leth ) tem
The. apBeBaialeih A has 1y oBe 15p ePtrat D8 el susieh id bomepudtr Sumd Uy
(seconq}e jsigeeration of nale offspring were to inherit the I|ethal genetlc
system %’Il]ere are several ways of achieving this. For exanple, if the

| et hal genetl c system i s honbzygous at nore than one not tightly |inked

| ocus, e.qg. re tha e chronmosone, then oparti of these_nales
carrying thé\’IP]é‘P OP&ér‘?gf}}e clbglsysiem#e PSSkies @Ce %Ee%?ch Bfgﬁ?‘F)’tnvewl?lh Fofe
lethal Q&RGT f Y hONBAYSRPEs AlonkBeud Tor NMeRfl1d %l:f tlaﬁ ifsy&tSn,

gener at ?onij ff éggﬂphge ﬁae]?e%%zysgouosn at both loci, ¥ “C y sJF‘{e se?:%yn

gener atfermalesrthaesesult floncranting aftthé emahisoneitlc opld tygfe ifemalels emﬂaale kyldadetMalesyst em

Cor respaondi, ngly under restrictive c dltlons all_of t f|r eration
and 75REPriRg 1L BEBIG agSHEY SPF 6oP ik BSIGH Pn{¥5é) A)/saﬁgl% 39&&9

achi evi n distortion/neiotic drive
syst emg@ rﬁ{fﬂgoﬁ%lg%g Waé‘%ﬂp g?nwlgﬁg%éérﬁchr onosone is preferentially
inherited frommales heter ozygous for SD and a normal (+) SD-sensitive
chronosone. SD/+ nmales transmt SD- arin to the virtual exclusjon of
+-bearing, NEWEPBERIERWilh seﬁ%me@er%?)%cave tfﬁeorfﬁ??etﬁ%a th‘%‘}fé‘? Fﬁeﬁ‘wbcarry
SD Se%%ﬁ&%ér?&f LRI VIR O i Herit FHeMEh SVt h & syRleth. KNI afete ferif WEsoRN e

achieving this. For example, if the lethal genetic system is homozygous at more than one, not

tightly linked locus, e.g. on more than one chromosome, then the proportion of these males
carrying the lethal genetic system will increase. Specifically, with the lethal genetic system
homozygous at two unlinked loci, the first generation males will be heterozygous at both loci,
75% of the second generation males will carry at least one copy of the lethal genetic system.
Correspondingly, under restrictive conditions all of the first generation and 75% of the second

generation females will die.

Another way of achieving this effect is to use a segregation distortion/meiotic drive
system. In the Drosophila SD system, the SD chromosome is preferentially inherited from males
heterozygous for SD and a normal (+) SD-sensitive chromosome. SD/+ males transmit SD-
bearing, to the virtual exclusion of +-bearing, homologues; as many as 99% of the functional
sperm may carry SD. Segregation distortion/meiotic drive systems are known in a wide range of

insect and non-insect species.
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i nsect and non-insect species. 22 WO 01/39599 PCT/ GBOO 04541 A third way
of ensuring >50% i nheritance of the lethal genetic systemin the second
gener at vomo0i/39590 |ink the | ethal genetic systemto insecpPCTiGBE0/04ES1 St ance
and use the insecti cide to elimnate sone or all of the second (and

subsequent) rati g en iich do n rry et hal, genet

syst em and anc?PE‘BH%' ﬁqupmgﬁofbgf%%%’ee ﬁéﬁétemfﬁéhﬁg system

may be Léef?&?trl is 2511 A% ﬁeq%gf%%sysf%h{ QEiﬁse%Hé’ldé‘i’gsm aRd u§ke I&B&tm&% me.

I n speci ere sex Is determnéd by the X or Y chronosone content and

wher e elimimitesdmoor af ofithe s¢coad sajmlrsebsf.elqoent) gamerptios ppegehy mdichedn na darry Hen we

prefer that the |ethal sié/stem is |locate l_Sﬁgn t he X chronosonme. Consider the

case i nethiligeneticrwsiery 44 eage d peticarry edlined restilance gfl§-es. A nal e or gani sm

(XY) having the | ethal systemon the X chronosone nmates in the wld wth a

female wld type organism (XX). The male offspring nmust derive their Y

chronmosone fromthe reconbinant male and their X chronosone fromtheir

not her. These nales are viable and have no | et hal. ge Fenmal e of fspring
Ry

nmust derive bielehalfisisrbagnbe lqcatsdoniiay cRoBpsPHEit APMS HFEX cont ai n
the le t Y, I mis
o1t e BERE! tispBUEC G kXS Rirkl il X 08 ¥ B hosirlE cortbli Bhd SIS
a transienetionloé t}mtmgﬁtnetfﬁmln el gegy padldodsired, tHeswa prefbinthat the tethdeystem

sel ection of males or fenunles

dﬁs clr i B%lﬂw%ﬁfi an thec® ghegmmnsagca C@aﬂa?rtth%ﬁ%isg rlrlg{y'msc{hgﬁ% Pﬂ?ﬁi#}%&?nnq é@@?&%ﬁ ‘:mi?r 2.8 n
t
hehi evadtss ke Sieahitfh GOE/RYiNAS R SR R RREK chiomasheREU 0 | 2

to el i Wikiakh afienslexvild typeorganismi (X0 Tha helooffépeimglreugpdprivetheio’y may t hen be

used for any desired purpose, not being _limted to_biol ogl cal control. The

pr es entChiomResare §ona thegesambinans maje aﬂ%eﬁ %C}E?mﬁff%’&%@f”ﬁ'gt ST Prothsin il Aesst
mul ticel Lyl 2 A waefe%alhaoa £ hofethid gew ﬁeﬂf‘al% %n‘u@( 80V Ofhe RS hb e
organtsmis ransforne a-vector or ors cont al ni ng a om nant

| et hal fewstherecodibigan® mdleainicetlﬁemmet}fedéthsh deBetspeGichi ctheyhmtkied. 28 WO

01/ 39599 PCT/ GBOO 04541
such, the lethal system is eliminated from the gene pool, which may be preferable if this element

is a transgene.

The present technology also provides a method for the selection of males or females per
se, comprising producing a organism as described herein containing a conditional dorﬁinant
lethal system, wherein the lethal effect of the lethal system is sex-specific. Sex selection is
achieved by allowing expression of the lethal effect of the lethal system, to eliminate one sex.
The individual male or female population may then be used for any desired purpose, not being

limited to biological control.

The present invention also relates to a method of producing a recombinant multicellular
organism for use in the present invention, wherein the organism 1s transformed with a vector or

vectors containing a dominant lethal system, or a suitable sequence for site specific mutation.
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The present invention further relates to a vector or vectors conprising a
dom nant |l ethal system as described herein. We prefer that all the

requi rewvebesmot s to control the expression of the dom neait/GBew/éalkl gene
are present on a single transformati on construct (vector). In this way,
only a singl t ransf or ti nd single transformatio are
equi red. insRAEROR e BRng ERies RS QUG ar R R et Sord i
preventsy, ggﬁgg@hgﬁmb@ﬁm@ﬁlseparate el enents of the lethal genetic system
Therefore preferred is a single vector conprising any conditional dom nant
| ethal genetic systenrof the invention. Further preferred are vectors
conpri si ng dom t |letha eti st e of t.he

i nventi on, Epgiﬂqb qgﬁﬁﬁwgﬁgaﬁg? ?ﬁ%Cvégﬁﬁr‘?@&?‘Oagqbﬁeﬂﬁﬁﬂﬂgl%Pd
regul at@py areh&ERINSa mh%!e Rahifofiatih Johﬁrdc@(\fé@iorp anehis W9, aapatingd | y

i nsul ated from one anot Preferably there is no cis cross-tal k between
t he di ftfagsformateinestemvsd ehgtehmnsbnh@tlongaamn, eregpguitad. dh atlrhl@on,vtec obe single
Preferredggre vectors

6 se s DBR oS PERSPrREN 5 HSTN R GH SSRe fEa i DB piett S o

ver t ebreatiem Dhthe idre fbrefeﬁ)éemg 3 §H§1l9 ve@tBP&?ﬁﬁrﬁH%\la@%HditlBﬁbﬂ Rhfhsntlayg been
reported to work i n Drosophi for exanple nciu, S ., et al., (1998

Mol . C@ehetlﬁystlemcﬂfézhemwl@ll and Chung, JH., et al., (1993) Cell
74:505-514], and by extension are |likely to be effective in other insect
species at least. In a preferred enbodi ment, the vector of the invention

conprises a Hghbas¥fehledre VRRIrESShRiEnShe E@Iﬁﬁltlgﬁaff%ﬁﬁpdny lethd] gLk sg8AR 1 S
| ocated on the sanme DNA sequence or vector as his system optionally with

a reporaféhe 1gemlonﬁwhenemetbb eompomreatsyaf] Ithm@cmiwhlaetl‘magensyelt rpulamonpri ses two

key co onents th d atT activat on of
Kt P R i ptic i e AR sene) ar e e B Ge Ao B RIeB vat | on
of 1 he th&t ﬁaﬂo &as E'I%SQVME béwebd ﬁre differbhY e‘l"erﬁéﬁﬁmf 8 1A oBhetichGbtem of the

enhancer - bl ocking insulators are used to 1solate one conmponent fromthe
next, naoet. yPItefaereklarmwdctcge mewhrcbithd ¢venpichants bfithellethhlagengensysfempane tshygarated

report and the t omthe reporier .gene. referred
veat or o O EIRUISEEY s WA eareEn g 6980 Qrage N ezt Eh
presen It t | €t hal
Petracmrs é%‘k-z?r%%fﬁ%‘?‘?%&%ag“@%r&% @%%g“o%sﬁﬁﬁ iRDERPRLSRR AAFENERLi, .

I, et al., (1998) Mol. Cell. Biol. 18: 2382-91 and Chung, JH., et al., (1993) Cell 74:505-514],

and by extension are likely to be effective in other insect species at least.

In a preferred embodiment, the vector of the invention comprises a tetracycline
repressible system. Preferably a lethal gene is located on the same DNA sequence or vector as
this system, optionally with a reporter gene. A suitable tetracycline based lethal system
comprises two key components, a lethal gene and a tTA gene which activates expression of the
lethal gene. Tetracycline, or analogue thereof, then blocks activation of the lethal gene by the
tTA. In this case, we prefer that enhancer-blocking insulators are used to isolate one component
from the next, namely the lethal gene from the tTa, the lethal gene from the reporter and the tTa

from the reporter gene.

A particularly preferred vector in which the genetic elements are separated and modular

is presented in the Example 7 herein. This vector comprises a dominant lethal tetracycline-
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repressi bl e genetic system wherein at |east somme of the genetic
conponents of the systemare separated by genetic insul ator sequences. The
| et hal yeme1/3%94¢ he N pp gene from Drosophila. This nodul eeT/é6B80t/e154nay be
adapted by replacing the BmA3 pronoter with any suitable pronoter to allow
the constru to be used in any organismaf, interest. As su t he invention
bt ovi QSR ERERC Ay Bt Bt RO S B SR TR B RIS

pr oot gELiRdl b ghRYic iRQIdEINEEReD T ha hAlRADLs’he NigY %]e_as EronlDASKSpEiW. t abl e
organism The invention also extends to variants of this specific nodul ar
vector, in which the functional elenments have been replaced with other

el enents whi¢ch perform equival ent fuynctiqgns, _.such,as other .insulators or
et hal gened ISREAIEF Vgt ke WGPt BK rerlr<ien he Bt CromplsiiiUhan L8| at es
to a nethncePlo ARNSIHEUEARY: B BERRER ARRIBRdRbEINtQEst! MRALEH MG indentleR nant
| et hal "genetic systemto an organism conprising the steps of: i providing

at | eaprovodes acondilti terplaté edchaas gesveibed hengst, simere the Bnovgiromoter progiute reay
appropriate far expression of the s}yste&npi n the organism and iii ligating
the pr OFBERRce DY WY RESTPOIEH L0 Yse iy Yuakeiotsa M -em optional Iy with ot her
conponents, to produce a functional vector suitable for transformation;
wherein transformati on of the vector into the organi sm produces an organi sm
for bi ol ogiThalinwmtibn also @seoddiongritats bhthis speeifici modul#rnetter.dbwhichtbel et hal
genetic system of the vector is pnodyular in that fhere are conponents. which
2an be HHRIRDRCATFYS R bEERERAFeS SHB B A By APEH o O URRYISRENt <.
appr Oprshﬁ]té‘s otfl&riﬂ&ﬁﬁo}sgﬁ@&hal@%ﬁés‘?ﬁﬂ&t% IPNR%'cﬁ('ﬂn% Budapig@ni smof interest.
e, a nodu al e

For exanp suc I'ar vector ows t et hal gene or pronoter
sequences to be replaced, for exanple, without the need to generate an
entirely new vector. Suitably the individual genetic conponents may he
separated DYCIREEIgR glsog aﬁﬁé%%@eﬁ‘ﬁg 0£€?Ir5|ﬂjuf:§%% V%fﬁortaaggwﬁéﬁ PrITERE o

| et hal aeifofrrﬁﬁér%t 1&h f%ﬁ&pzl s)&st%@:ﬁto\éﬁ(b} isnf, @ H§§l§ R stbfRyl one insul ator
sequence, preterably two such sequénces. The infvention also relates to
vect or s obt provddingradleatttone oaduditodny 1dtid gabaticsysrembhod 25 WO 01/ 39599

PCT/ (BQO' 04541 The present invention al so extends to ,po{_lynucl,eot_ilgg
sequendes eBORAIRE? RIERNE APPERERte fapainsession of thesysiganiBithe ogpris®ant cor di ng

to thepr es?&%tiﬁgfﬁ%rbtré)rﬁgter A EIRBRRNN l@ffliapgen%tip%tem, optionally with other

components, to produce a functional vector suitable for transformation;
wherein transformation of the vector into the organism produces an organism for

biological control according to the invention.

Preferably the lethal genetic system of the vector is modular in that there are components
which can be individually replaced by functionally equivalent genetic components, appropriate
for the lethal system to function in an organism of interest. For example, such a modular vector
allows the lethal gene or promoter sequences to be replaced, for example, without the need to
generate an entirely new vector. Suitably the individual genetic components may be separated
by insulator sequences and still function together to cause a lethal effect. Preferably the vector

comprises at least one insulator sequence, preferably two such sequences.

The invention also relates to vectors obtained and obtainable by the above method
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sequence. In particular the invention relates to DNA encodi ng the | ethal
genetic systemof the Exanples, in particular the nodular transformation
vector oWOEwzwspd e 7 herein, and to nmutants and vari ant sPOf/GBo@MSENA havi ng
m nor changes such as substi tuti ons, deletions or additions, but wherein

thefunctlo of the, vector netlc stemare n substantially
o Tected,  anthe Rt B e o gfanch i BEINEI R Pt Gpfalins § pSaibtdt
i nvent 'd%ﬂnﬁ‘zﬁqt @AM deRblic @L&&%@éﬂd}fr@ t4 ,theniwewnp L eN@SH, BfFerdBly bRfgUSBN AL O
transformthe organismw th the necessary elements of thé Iet hal system

if nec essqwemye Idparsadzhrstbe posstidl relatdsao DA enaiding thedathal ganefic systhmmféhes used

to cont for exa a transcri.ptian factor i ch ts.on

o Emplson RATaTdhe P LA Bt R tanan VEheo e 7 Bt and fomp Bl
ther ef 958 valfntd SpﬁﬁzﬁﬁNAth‘ﬁvi%E E’iﬁﬁ@tt (fhané&%u@l? BPAMSIKLEoRS 1BI8tiSrid! d?'l@@ftlons

el ements, or other genetic insulating elenents to avoid unwant ed gene

expres diub whprettbthe fenctibhef éfefector of lethap germtic eyston asrind sulestaniiatiy affegediend
nornall uires the e resent on the same stretch of DNA.
However ‘?‘FgoréF pllgto B?USS%H‘iﬁﬁﬁ?élc‘ff&ﬁf ?%thgfrﬁ’c?flﬁ?n ?Faﬂ?q‘b‘éedsexerted in trans, and
may be Iocat ed on, for exanple, a different chronosone. The invention is
not limted to integration of the controlling elenents on the sane
chronosone. Algnatorst, mudtiple neadrsanayewarsbd tratnénsforht the et danisar wioh ¢lermespssamy

requi re_use of nsformation s emfor t ar get eci es he speci es
Wi oh reserepiel G o PTG T aHEBhelt i 250 Rt et el BIFRRGR aRket | o
system QI:S WRedt n%dn%h fffne &, Altral f’l&ﬁlph@ﬁ%lttémhlcﬁ s bh ﬁ{bsltef%! :%etn'e

pr ot oco a nu for exarrp insects are already kn \/ec ors

may be adm»nstefﬁﬁr.et eith twi lathalsgenn daprdssnml ieeifl dt mby,aharghord, benacaysery to sepbmtt er i a
such as E. coli. W prefer that the vector . used for transformation

cont ai rige %prgmreefsamre SHgRaeE Flemepsror oflerggengic IsYiRg dlements o avadd wpwpnied of
hygrony&%hge{&gés Al ternative genes other than those related to
antibidtic resi st nce “Characteri sti cs, such as green fluorescent protein
(GFP) may also be used. Expressed under the control of a suitable
pronoter, this protein can be visualised sinp rgglglgrrl Il um natl ng wwth a

sui t abl e examafepwm@m@ﬁ@pﬁe@en@er UBPT @)2CR% B0 UGS theelomeniiiady 39599
PCT/ CBQL QGO the FMQEE&E@QPBNAS%J?W@V&:W 5@1‘&&@%@5& uaﬁ k&%rglg@g? s,

identification of trapped Insects in re ease- rec pture e
exerted in trans, and may be located on, for example, a different chromosome. The invention is

not limited to integration of the controlling elements on the same chromosome.

The construction of a recombinant multicellular organism may require use of a
transformation system for the target species (the species which is to be controlled). The specific
nature of the transformation system is not a critical feature of the invention, and transformation

protocols for a number of, for example, insects are already known.

Vectors may be constructed using standard molecular biology techniques in bacteria such
as E. coli. We prefer that the vector used for transformation contains a selectable marker, such
as genes producing G418 resistance or hygromycin resistance. Alternative genes other than
those related to antibiotic resistance characteristics, such as green fluorescent protein (GFP) may
also be used. Expressed under the control of a suitable promoter, this protein can be visualised

simply by illuminating with a suitable excitatory wavelength (e.g. blue) and observing the
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O her suitable markers for transformation are well known to the person
skilled in the art. The invention also extends to cells, such as bacteri al
cells, wansswegred with a vector of the invention. Suitpe@i/eBo®bds41ines for
mai nt enance and/ or propagation of such vectors, for exanple, are vveII known
to the person skilled in the art. at. del.etion, of ar t of
L e RSl S mblhet B Bso M) el i bR P il o0
no sel gaiird& ﬁgé/@@kﬁg@n@ver an organi smcontaining the systemin

perm ssive condl tions. The use of a lethal genetic system as descri bed
herein has significant advantages with respect to strain stabili ty In
general , nmobi |.i sati on.between rel ated ns ns _and e
Cinknown mec AT SHAS 6 TS 4 FEDS o P G Lo el KEEPE RO RS RreyPabiiepdh (.
stable as "real" genes. Wien reared at a |level of billions/week, as may be

required for biological control, even extrenely rare events will happen
repeat edl y. Tﬁhiimeinﬁomallmjemendsstgwellm,iSWh astHaeteviak eedlnyt trang fbiringd swathi angectnr 0di ns

where t he chronosome tr tlon on which the r eak (at a
ow £ r B SHEHE GRMTRR/or FRatsade HIR et et ShAPRC Rt Ty

hi gher o fihbRESS wiehaholdo iRerftn dIRdSh Aerand o their numbers tend to

i ncrease rapidly. However, in the present systemthe breakdown product

(del etion of all or part of the transposon) has no great advantage over
the i ntended stock, when reared on nedia containing Tc. Moreover, where
there are multiple insertions, it would take several independent events

(i.e. loss gfe ?ﬁg& thdﬁl@{eﬁbf? B all bPparlBkiGe idMal %E&‘ﬁié s‘}ﬁ@ﬂﬂl SR reéé?l?frfv@ﬁﬁdnve-

I f necessary, | et hal genetic conpl ex may "be fufther stabilised
Sui t ablfemat bigdsismi givdsudeselbetied advgntageomdn@fgamism tcrramsmgstbm)atdnem

integration . or secondary nobi on af the stem out of the transposon
| nt o aRGTREHVE FAnEItIGRS; The ases?fiaelse@ﬁ!a&?qe e SYSHE AL RET PTG B hasFiSni s

FRT/ Fl Ba@dntfd e@'lwlltﬂ)i'escg)@f?tttb ﬁﬁnoﬁﬁysﬁ?%&%l ahSsskROWRsdtidn Watkech Beile@s ophi | a.

The present 1 nventi e"illUstrated wth respect to the follow ng
Exanpl esnsposhiscindar etifeo unkrowsmedtanismspan peae shad trayspaseh asertiong mhy nottbeng
upon the {)esegt ,Jwention, wherein: i V\ﬁOl/ 39599 PCT/ GBBOQ 04541 Figure
17711 st pableas areabsnas. Vakn Bradg ade\shAf RiHanssvesk s Ry dmieaprglioe 2

11 USt i AL o TRk HehYSiANSHRABleal iR, PLES R bRV 04 O

Figure ustrat és popu ation contro ing multiple
| oci; the current medfly sexing strains where the chromosome translocations on which they depend

break down (at a low frequency). Unfortunately, the resulting flies have significantly higher
fitness than the rest of the stock and so their numbers tend to increase rapidly. However, in the
present system the breakdown product (deletion of all or part of the transposon) has no great
advantage over the intended stock, when reared on media containing Tc. Moreover, where there
are multiple insertions, it would take several independent events (i.e. loss of each insertion), to

make the stock completely ineffective.

If necessary, the lethal genetic complex may be further stabilised. Suitable methods
include deleting one end of the transposon after integration or secondary mobilisation of the
system out of the transposon into another site, using a site-specific recombination system such as

FRT/Flp or cre/lox. Both of these systems are known to work in Drosophila.

The present invention will now be illustrated with respect to the following Examples,

which are for illustrative purposes only and are not limiting upon the present invention, wherein:
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Figure 4 illustrates a nodel of a neiotic drive systemaccording to the

present invention; Figure 5 illustrates a nodel of popul ation control
usi ng mweo bpsw9unl i nked loci; Figure 6 illustrates a furpteGBiwEEk of a
meiotic drive systemof the present invention; Figure 7 illustrates nodel

of popul ation control using nmultiple unlinked loci; and Figure 8
illustrates nodel s of population control using the paraneters of Figures 2,

6 and ot jIMEeERI A mbdRar Vebfh oM odRiR aaRToMRiodoubl ed in size. EXAWPLES:
BICLOGIC%L CONTROL I N A DROSOPHI LA ﬁCDEL I ntroduction In one specific

enbodi ment, a two-part system may be used to produce a conditional |etha

effect. . Thig systemis sed upon the repressor (tetR) of the transposon-

| - deri \Féﬂureiéﬁf{%{@félai Iﬂ‘é‘?e??gﬁl nfeg%tics‘%ra’ﬁc%“g‘ﬁéﬁil?? Qﬁgseﬁ% I%’SWQH’The use of this
repressor for repressible gene expression in eukaryotes has been devel oped
by Manfred Gossen and Hermann Bujard (reviewed in Gossen, et al., TIBS 18
471- 47Fig@9 3)illudtratdshi rsode} of populatiom doatrsd wparempltipttuatlinked Idcised to t he
acidic domain of VP 16, to create a highly efficient Tc-repressible
transactivator (tTA). The first part of the systemis the tTA expressed

under tihg, £ aNhih@tat@fa Boddl bf & RlefotRY &mtsggtem a@&%?n@‘%o BRGRABLNPAvEntich; 2

dom nant “| et hal gene expressed under the control "of the tTA Overall, this
gi ves expression of the domnant lethal in a Tc-repressible fashion. Wen

tetracycline . js not available, the tTA activates the |ethal gene. Wen
ot r acyREvRa 1S eanedel ofpoiuion oAU reA g o e B0 590

PCT/ (BBOO' 04541 prevents activation of the lethal gene by tTA This |ethal

syste mIii urd %qﬁ{lstlta&% ace‘fgﬂﬁér%%(%fl oﬁa ¥ TRk .sg{%erﬁlé? itk%ﬁsrfs%lf}infvgﬁﬁ&er | evel of

control can be exert choi ce of [ al'ogue t0 use for
repression: different anal ogues will have different half-lives in the

insect _leading to inductjon of the killer gene nore or |less pronptly after
the repr&¥&d illisgrafg opedeh ol pomulasian cAuiTek ustne W“BlreéF’é‘Pk?CL‘é’Pu and

non- bact eri ci dal anal ogue shoul d be used, so as not to encourage
tetracycline resistance in environnental mcro-organisns. Use of a

non- badigure @iitHadtrassah@igissofipppulatiomoyntod aeing ssqrtimdteds ©f Figieed 2% sidhbats

t set se Wierein '\ £3t HaVRlcaydshirOddubldipiatselel @ essential for

EXAMPLES: BIOLOGICAL CONTROL IN A DROSOPHILA MODEL
Introduction

In one specific embodiment, a two-part system may be used to produce a conditional
lethal effect. This system is based upon the repressor (tetR) of the transposon-1-derived
tetracycline (Tc) resistance operon of E. coli. The use of this repressor for repressible gene
expression in eukaryotes has been developed by Manfred Gossen and Hermann Bujard
(reviewed in Gossen, ef al., TIBS 18 471-475 1993). In this system, the tetR gene product is
fused to the acidic domain of VP16, to create a highly efficient Tc-repressible transactivator

(tTA).

The first part of the system is the tTA expressed under the control of a suitable promoter,
and the second part is a dominant lethal gene expressed under the control of the tTA. Overall,
this gives expression of the dominant lethal in a Tc-repressible fashion. When tetracycline is not

available, the tTA activates the lethal gene. When tetracycline is present, it binds to the tTA and
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reproduction of the fly which are killed by antibiotics. Even this one
system may be varied to provide a flexible tool for popul ation control.
G eater woensdshpd ity nay be achi eved by conbining two or POT/€Bpi/@swLt er s or
enhancers. For exanple, nedfly control m ght use expression in the adult

f I t t I f - j I ., d i I mb [
devel optrar® eet eapEHE R ey stan T arel Sre pafts b efIS RS rpane
expr esgI&ﬁbtaeéf%sic%h@&rmﬁu& 180efbt Sontrdl EREst dxRfted by Blefchoick ofmidh e
inmportant for growi ng the stock that a relatively stable Tc anal ogue is

used, soalogmttouke farmeprysseons differend andeguea yall bive didtenant balfrdiveciarihe inseqti on of

Tc. Larval expression.couyld be al so used as |ternative,. b Wi th

o eat elcedd Bpigopnar £ e sendmeR ofiES afudley B U BRresiRis Bithokh o hay
ef f ect pofn hBgdiet hal gene is only one exanple of how an effect could be
achi eved, and there are nunerous pronoters, transactivators and | et hal
genes, for exanple, which could be used to achieve the desired effect. In

t he above scenari o expression .at nore than stage may be required. This
coul d be. o Bl By BLER e et Pt ORI B R S eaiot 68 et dEghio1 i ng
st age- $RRE|dline r&MNARESH Snvifirtheital Mifk8l Bekfded. IU%bof HRRLORI R M AEBAeGS S

for stage-specific expression may be identified by subtractive
hybr i disaty cse essetiah dor sppcemsuck b csdtse fliyrabich have syimtibiec bastdrml esspaniel for

systeminto the roposone of the transgenic organism nmay be at any
sui tablr"el’r%‘g-lcﬂf’r.‘ Ofa‘ei anﬁﬁ@éﬂﬁgﬁwa’%@‘ Eferm ne the location of the |ethal

gene on the chronosone. Even though inserted elenents nay respond to
control elements in adjacent 29 WO 01/39599 PCT/ GBOO 04541 chronmati n,
t hi s not anEvesthds b systeen mBEb& variedrto Iproveds, a flirable tbolfes pgpulatiog control.

i nappropriate expression wll probably not survive. The present invention
has be e%%etfﬁﬁmlﬁwaax be %%Vﬁ%agpomﬁ@ér{atwsopcw%rg PEITBRBHHATIC a‘I‘FE‘ISallfgbast er.
Though I g@fg_,a&;n i i i 1 L bSy.
experi ﬁ%ﬁ’@ﬁ‘? tract gl{gll }erﬁglﬂr%get /&855’5’?? ig]trrrlfela%l rﬁihgef%ﬂeﬁ?gléoﬂ%}tgvﬁgﬂeaég%ﬁ% rat ed
i N Dr o$nyity femalesBahd in edly, endiryalic devie®§BnenDéo propnehatval 2iovai 93thaPM2 fruiffhe

Hsp26-t TA and tRRE-1acZ used_ bel ow, d t .d i bed bel :
c aﬁe f PHISE NP gleﬁg%@?pres@ﬂ%ﬁgﬁf@?e%br%] starsts(:) tr;r)e fegf %or?trsglf,[lt \?vgglrdlbe%mpogargt%r

growing the stock that a relatively stable Tc analogue is used, so that the embryos survive
because of the maternal contribution of Tc. Larval expression could be also used as an

alternative, but with greater damage to the fruit.

Use of the above system to control the lethal effect of the lethal gene is only one example
of how an effect could be achieved, and there are numerous promoters, transactivators and lethal

genes, for example, which could be used to achieve the desired effect.

In the above scenario expression at more than one stage may be required. This could be
achieved by using two separate tTA constructs, or by combining stage-specific enhancers into a
single construct. Appropriate promoters for stage-specific expression may be identified by

subtractive hybridisation or other known methods.
Insertion of the lethal gene or system into the chromosome of the transgenic organism

may be at any suitable point. It is not necessary to determine the location of the lethal gene on

the chromosome. Even though inserted elements may respond to control elements in adjacent
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Transacti vator conponent (pronmoter - tTA) Hsp26-tTA: Heat shock protein
26-t TA. Low basal |evel, heat-shock inducible to higher |evel, not

sex- spesv®d bp395@bt ai ned from Bruno Bell o (N MR, London). PeT/d8b@idsed in
Bello et al. (1998) Developnent 125, 2193-2202. Hsp26 pronoter region wth

a porti of. the trans| at sequences .from .-1917 to.+490

fubed cBromainaME AR Tl e RIPRUEE I RASR ks P agialt PRASAY puro
15-1. n@gnkghhg tbyrvivae transcription term nati on sequence of the Hsp70
gene. 5C-t TA: Actin 5C-tTA. Strong, constitutive, ubiquitous pronoter,
not sex-specific. The tTA coding regi on was exci sed as an EcoRUPvuI

f t th d fille I .. Th t 5C
GFP} ( Rel chinde PERERREY RN A Cxelsag P BTy REinoget ingsst i3 Pragee il geot o
wi th XbakBaghled OTHRBRYE h&8nSgdstel Eﬁmﬂt‘scéﬂbﬁﬁcﬁgﬁin{};}ohhﬁ%&ﬁ ithe T4

pol ynmerase. “These two fragnments were then |igate he resulting clones
wer e sexparimeshtallyi tragtable. Shted TAcyRYndingges¢ral lms bebe d¢menstiateden &rostolpbll@ orrect

o0 o ahu Rar [ B SsERTo RS UL LIEACRARL S e 1

expr esgefvl ahElorhdv QB [FE%GFSd beRiv] VQ&J&?}&%R@ GBOO 04541 The tTa

codi ng region was eXC|sed fromthe p asmd pUHD 15-1.neo by digestion with

EcoRl and Pvull. This fragment was then ligated into the vector pstw +nta
(Aark, K A and McKearin D.M (1996), Devel opnent 122 (3): 937-950)
di gest PREEC ORI / Pvul such that tTa was pl aced under the

transcriptional control of 1.7kb of stw pronoter genom c DNA. Sxl pe-tTA
Sex lethal -t TA. Early pronoter (PE) from Sxl. Thought to be expressed in
ear |y Trewadtyawrbompsnant(promdtee - tTA) codi ng regi on was excised fromthe

pl asm d pUHD 15-1.neo (Gossen M and Bujard H  (1992); PNAS, 89, 5547-51)
by digestion with EcoRI/Pvull. This fragnent was then ligated into the 5-1

sxl pe: i p ] . :
ol [+ ERPHETES: Pials ROk hoRliRac PEAPE SAANERS, IR HRT o ucttle Bhighd IHEL |
bl ueschbiex-spedificll / Not | fragment containing the tTa coding region and sxl pe

pronoter was subcloned into the P elenent transformation vector pP {\W8}
(Klemenz et al., (1987) Nucleic Acids Res. 15: 3947-3959)

Obtained from Bruno Bello (NIMR, London). As detailed in Bello ez al. (1998) Development
125, 2193-2202. Hsp26 promoter region with a portion of the translated region (sequences from
-1917 to +490) was fuéed to a tTa coding region isolated as an EcoRI/BamHI fragment from
pUHD 15-1.neo followed by the transcription termination sequence of the Hsp70 gene.

Act5C-tTA: Actin SC-tTA. Strong, constitutive, ubiquitous promoter, not sex-specific.

The tTA coding region was excised as an EcoRI/Pvull fragment then end filled using T4 DNA
polymerase. The p CaSpeR {Actin5C GFP}(Reichhart and Ferrandon, (1998), D. 1. S. 81: 201-
202) was digested with Xbal/BamHI to remove the GFP fragment then end filled using T4
polymerase. These two fragments were then ligated. The resulting clones were screened using a
Smal/EcoRYV digest to select a clone of the correct orientation, placing the tTa coding region

under the control of the Actin 5C promoter.

Stwl-tTA: Stonewall-tTa. Female-specific in embryos, but expressed later in both sexes.
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digested with Kpnl/Notl to create p(sxlpe tTa). Yp3-tTA: Yolk protein
3-tTA. Fenal e fat body enhancer (FBE) fromyolk protein 3, with hsp70
m ni mal woonstsey . Expressed in fenmale fat body in | arvaerandBadudsis. The
t Ta coding regi on was excised fromthe plasm d pUHD 15-1. neo by digestion

ith EcQRI Pvul.l . This.f t th d bet th / PvuH
Sl tes oRa OBE RERH BELTBired ORI AL T BE LEbRAGEo Ry airCgharts EoRt
COMMUNI x@teaf) THY GhehRAt whd thiR B g Bl Blto H&/ebioRPSIGI B! e‘ggml, K.£ahd MIKafint he
Femal e Fat Body Enhancer (FBE) %Ronal dson E, et al. net Res. 1995 Aug;

66(1): DMT199@nDeeeclopméntdl2 (3)r 8437-p5 Qrbgested wiREEcoRIPorlk such thatri€a wRe- | acZ:
E. coli .| agZ qgene, encadj.n 3-gal i dase. Used as re er. btained
from BrH%?F&g “Bg?rlt eErR}i‘%ﬂP“‘E‘%hg%‘H?‘ﬁ OiiHggt"gﬁwgé?rqfﬂ"tg&ﬁ“8“‘é‘f)ﬁiﬁt4- (1998)

Devel opnent 125, 2193-2202. The heptaneric repeat of the tet operator was
i sol ated as a EcoRUKpnl fragnent from pUHC 13-3 (Gossen M and Bujard H.
(1992) ; SXPRATA: 8ex kB4 BA 1 Eady dravhaeed@E) fionr SdmThbughtdo Pe kxpZssed i ealy of t he
enhancetr-tlf%st vector CPLZ (Wharton KA and Crews ST. (1994) Devel opnent.
120( 12)fem3le aighryay 8B 09 PCT/ GBOOY 04541 3563-9.). CPLZ contains the P

el ement transposase pronoter (up to -42 fromcap site) and the N-term nal
transposase sequence fused in-frame with |acZ and the pol yadenyl ati on

si gnal Tfe tT®vdding Yigiorwaswrcised thenChie phasorid pBHD 1584 ateo(Gossen M.reindBuj&é H.

e e N RGO I I RO
constr Ltﬁ% 6d §xqp°:98‘i£?és%ﬁ€t @S2 BRSSP AELuchB& RRYEITAY, £Tu1 (8992) Cell. 6; 68(5); 933-

tetracycl i ne-responsive pronoter. It contains the vector backbone of CPLZ,
t he hept3adigested withdémR1 ahd EbeRY ¢t cepeersaipertTa bhesdeipel A Kpni/Notldragient and

e roa RS B 1 S LS o oty e 08 Bficisghal o' ©
Sva0. s RraRell {dcadt pTiyE) (dR‘mHTE 2 (RRPRuERR ATl Reed syodgosydi i on

of two conplinentary ol'igos 5" UA

( AATT GATASEATGACKCATNICRAGTIIEAGKTETT). and 3' UAS ATG

Yp3-tTA: Yolk protein 3-tTA. Female fat body enhancer (FBE) from yolk protein 3, with hsp70

minimal promoter. Expressed in female fat body in larvae and adults.

The tTa coding region was excised from the plasmid pUHD 15-1.neo by digestion with EcoRI
and Pvull. This fragment was then cloned between the EcoRI/Pvull sites of the yp 3 expression
construct pFBE (Bownes M, personal communication) such that it was under the transcriptional
control of the Female Fat Body Enhancer (FBE) (Ronaldson E, et al. Genet Res. 1995 Aug;

66(1): 9-17.) and a minimal viral promoter.

tRE- responsive gene

tRe-lacZ: E. coli lacZ gene, encoding P-galactosidase. Used as reporter. Obtained from Bruno
Bello (NIMR, London). As detailed in Bello et al. (1998) Development 125, 2193-2202. The
heptameric repeat of the tet operator was isolated as a EcoRI/Kpnl fragment from pUHC 13-3
(Gossen M. and Bujard H. (1992); PNAS, 89,5547-51) and cloned upstream of the P-lacZ fusion
of the enhancer-test vector CPLZ (Wharton KA and Crews ST. (1994) Development. 120(12):
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( GGCCGCAGATCTGAATTCCATATGAGCCATGGTGEC) into the WIP-2 MCS. The ol igos
were allowed to anneal and ligated to WIP-2 digested with EcoRI/Notl. These
ol i gos wmbr/smdeced a consensus translation start and sevee¢wGBa@disti onal
cloning sites into the WIP-2 nmultiple cloning site (MCS). tRe-EG-P.

522333252;%@@éa&w&hsheﬁ L UeRSE graere! Ghdb tid-pomsen bt
am no agl H@;Qﬁﬁ%osa&'s&#ﬁ%c@ﬁﬂéd oD 8he mnsczmd&l%g G@@@é@nﬁongﬁm@ﬁ a

reporter. T anced green fluorescent protein a F64L, S65T

mut ant Sh4Q0.vative of GFP) coding region (Craven et al. (1998) Gene 9;
221(1): 59-68) was isolated as a Ncol/EcoRl fragnment fromthe pP{UAS- EG-P}
vector, then end filled with T4 polynerase. pP {UAS-EGFP} . pP {UAS- EG-P}
was co e pP {UAST} was

elimn ion, ifgation, in order to be able
to use Ndel in the nultiple cIonlng S|tes We then used two

OBl o B AR o) SRR A58 st

T LondtucRiRg ek e dh #tontrboat ed
themtogéém ;Egeste %&% OIZfrom eCPL} thae9 el S|e{e hgcrzllrbeen
renovedy tetr@cychﬁé@&spﬁ{sh%&&rhﬁbter Mécamnphs fheadctonbarkbend o0 IDGEM Heffthetic
[ Craven, 1998, supra] us pol rase and the ol i gonuycl eoti 9
TAGGAGTEPSEERABEARLOR @aé‘?fdths% elm«mf@@é (resvdriader seshrases ap@ﬁlﬁpf 0% was
gel -pur ﬁ%l@s bzyn[q e6j4r1§ ence of dGIP
and dC'I%Mb érﬁ?gad{&é@gﬁsg$¥lgweﬁlqgéscreat ed’ an e -Cco %??E) e cohesive
end at Iﬂmbeadeﬂﬂyla@dnﬁg:ﬁilbfﬁgn&nt and an EcoRlI-conpatible cohesive end at the
ot her end. These fragnents were then subcloned into Ndel-EcoRl digested pP
{UAS-LP } pP {UAS-EG-P } . The WIP-3 vector was then digested with EcoRl
and en I | ynerase and the fragnents |igated together. A
di agnothﬂPi fibd vt D ul BanHl, was then used to select a clone of the
correct orientation. tRe- Ra564Bv12 Mut ant version of Drosophila
mel anogast er Ras64B, involyved in

el |
he WTP-2 vector was modified by the addltlon of two complimentary short oligos 5’ UAS
ATG+ (AATTGCCACCATGGCTCATATGGAATTCAGATCTG) and 3’ UAS ATG-

(GGCCGCAGATCTGAATTCCATATGAGCCATGGTGGGC) into the WTP-2 MCS. The

oligos were allowed to anneal and ligated to WTP-2 digested with EcoRI/Notl. These oligos
introduced a consensus translation start and several additional cloning sites into the WTP-2

multiple cloning site (MCS).

tRe-EGFP. Encodes a mutant version of Green Fluorescent Protein (GFP), a jellyfish
(Aequoria) gene encoding a fluorescent protein. The EGFP mutant has two amino acid changes,
giving a brighter, more soluble protein. Used as a reporter. The enhanced green fluorescent
protein (EGFP, a F64L, S65T mutant derivative of GFP) coding region (Craven et al. (1998)
Gene 9; 221(1): 59-68) was isolated as a Ncol/EcoRI fragment from the pP {UAS-EGFP} vector,
then end filled with T4 polymerase. pP {UAS-EGFP}. pP{UAS-EGFP} was constructed as

follows.

The single Ndel site of pP{UAST} was eliminated by digestion, end-filling and re-ligation, in

order to be able to use Ndel in the multiple cloning sites. We then used two oligonucleotides
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signalling. Mutant is constitutively active, making it toxic to the cell if
expressed at a high enough level. Toxicity is not sex-specific. The
Ras64BVIV0O eidds9anvas cl oned as an EcoRUNot!| fragnent fronPctyeBpo/o4541
{sevRas64BV12} (Matsuo et al., (1997), Devel opnent 124(14): 2671-2680),

or osopt A8 EPERoE R T EErA T AlReaTATATH A S GAGAIEREC SEEASAAS

det er W@@@@CG@M’YCTG@EAT?CQ%I@MUA@@@%@@@T’G@@)YaHd@vd@l&h&ﬁ to BgieADand

repressed 1 n fenal es by product of the Sex |lethal gene. Activity of
mut ant ligated tibepertioRI-Nokl Gasstédpmal AST&aﬂfrmeWhtchttb&NdeI sits hiad ra¢rersmiofved) to

ool 5 otie PRERASUE). PR AtpseY iverd Bin oEgrERCHE Srreli TS 38R baifing ana
Kur oda pgf R%&%)erag@ﬁﬁf fhe %héé%?e)ond&% “TRSG At RA L AERAG X RetHl sdli gest ed

wi th Eco A diagnostic digest wusing Hndlll/Notl, was then used to
sel ect A&ET@@ATMGW@BATA&TWAeEEdIP@R prqduatwa@getl’fmlrlrﬁsﬂ thehNRtube®NA under

t he contr the tRe se ences. tR . rsi

D osop it h8NAnuapars Rps Brestise o3 nT arB e Wi habal of g7 Tppabisex

det er mpg feu%ﬁ N%i bmgadm@&oﬂéwe SH@h cheK@ 'b??réefgag%{}:'ni’aﬁd“ar{@&ﬁ&co%ﬁiaﬂgle

r epr essec femal e roduct of the Sex |ethal gene. Activity of

mut ant cblseswncéaqbenldie mheoiencSe’thsetfﬂaginpntsSvemhﬁnsmdmll‘@@@b@%dhgestfpctaki ng
it toxig to f |l es | ressed at a high enough level. Toxicity is

t her ef 8?@8&@%3 cﬁ%‘%‘%ﬁﬁ%&’ﬁe nmsl -2 cDNA was cl oned as a NotJl Xbal fragnent
frompM2 NOPU (Kelley et al., (1995), CeII 81 867 877) and cloned into

WIP-2 digested with Notl/Xbal. EXAMPLE 1: CROSSES I n

" si ngl he AY BRrdsvsater wep thsashsested ygth Eqak] afl% elﬂd ﬁ{l%wnb.%?q%m@ﬁ@ﬂ qd the
honDzy o gous
for t hEAEREhlgkf dether PERBRNTR RS, Lt b B WA BFLES SRR

tetracymheBEﬂﬁupﬁbaWEmhmnahelr progeny were allowed to develop on this

food. Sxlpe Tetracycline Fenmale Total Male Total conc.' tg/m O

01, 01,01'0F 0,0,0,0 O 58,47, 60, 51, 46, 60, 52, 54 428

tRe-Ras64B"'2. Mutant version of Drosophila melanogaster Ras64B, involved in cell

signalling. Mutant is constitutively active, making it toxic to the cell if expressed at a high
enough level. Toxicity is not sex-specific. The Ras64B"'? cDNA was cloned as an EcoRI/NotI
fragment from the p {sevRas64B"'?} (Matsuo et al., (1997), Development 124(14): 2671-2680),
into WTP-2 digested with EcoRI/NotL

tRe- Msl-1MP". Mutant version of Drosophila melanogaster Msl-1. Msl-1 is a component of the
sex determination pathway that is usually expressed only in males, being repressed in females by
a product of the Sex lethal gene. Activity of mutant is independent of Sex lethal, making it toxic
to females if expressed at a high enough level. Toxicity is therefore sex-specific. The msi-1M"Y
cDNA was cloned as an EcoRI fragment from M1-ECTOPIC (Chang and Kuroda, (1998)
Genetics 150(2): 699—709) into the WTP-2 vector digested with EcoRI. A diagnostic digest
using HindITI/NotI, was then used to select a clone of the correct orientation, placing the msl-

IMPY ¢DNA under the control of the tRe sequences.

tRe- Msl-2NP*, Mutant version of Drosophila melanogaster Msl-2. Msl-2 is another component

of the sex determination pathway that is usually expressed only in males, being repressed in

females by a product of the Sex lethal gene. Activity of mutant is independent of Sex lethal,
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0.1 46, 49, 50, 51, 52,50, 41, 40 379 56,42,72,41,56,72,61,34 434 1

52, 40, 60, 0, 60, 72, 50, 52 386 50, 51, 55, 3,63,54,57,56 389 5

41, 55, 4AWGR1/389N7, 40, 51 383 36, 47, 42, 55, 36, 55, 52, 52 375 PSriGBeo/e4sbal (A B, C F
X tRe Ras64B 2 B'C Format for data: the 8 nunbers are the results from

crosses _usin epend inserti traol for

oo ¢ gkan Lierg SHERERY i upSred S AT dter8RElevEhr A ciogs efeliie b s,
used am{eWﬁbNBE«aB%ﬁﬁé@%aNoﬁ/MﬁQ Eﬂtefr&htmz RORU K slRy@: 8 §1995),

Sxl pe-tTA (A) females wth tRe-Ras64BV12 (B) males, then Sx1B x Ras Sx1C
x RasBCeB8x381F867-Ba3)Bnd Sionad xntRV¥ TP-23kig®Bted WlRaN@tI/)S)aic x RasC and fi nall y
Sx1F x RasC. Data are presented in a simlar fashion in the other tables
34 WD 01/ 39599 PCT/ GB00/ 04541 Tetracycline Femal e Total Ml e Total conc.,
0/ Bt 340 hvuOofinuaBoE cfesdi 73,69, 57, 483 55 0.1

61, 52,47, 46, 22, 31, 36, 15 296 60, 62, 56, 71, 69, 75,55, 520 72 1

59, 57, 63, 59, 31, 21, 15, 21 326 47,56, 49,62,63,67,71, 473 58 5

61, 47,52, 56, 38, 22,16, 12 304,68 7%;]67 92,58,54,61, 535 63 Sxlpe tTa A B'
P~ x tReSINgF Shroplpsaing crassasa a4 (Cn tenrte didlegn Tisein) ewe%hqmpargOU&gmhe%

79, 56, Jor3eEy Ay %39@&83%% Wndgets B Rs (ol ygepheagdod > ¢

39, 52, e3ntdlhinglor lacking a tetracycline supplement. Their progeny were allowed to develop on this

food.
Sx]P¢
Tetracycline Female Total Male Total
conc.” pg/ml
0 0*,08,0%,0%,0,0,0,0 0 58,47,60,51,46,60,52,54 | 428
0.1 46,49,50,51,52,50,41,40 379 56,42,72,41,56,72,61,34 434
1 52,40,60,0,60,72,50,52 386 50,51,55,3,63,54,57,56 389
5 41,55,49,52,48,47,40,51 383 36,47,42,55,36,55,52,52 375

Sxlpe tTa*ECD x tRe Ras64B" ' 2B:O

Format for data: the 8 numbers are the results from crosses using independent insertions of each
element (to control for position effect). Here, 4 insertions of SxIP*-tTA (A, B, C, and F) were
used and two of tRE-Ras64B"'? (B and C). The order of the data are: SxIP°-tTA ) females with
tRe-Ras64B"'?2 ® males, then SxIB x RasB, SxIC x RasB, SxIF x RasB, SxIA x RasC, SxIB x
RasC, SxIC x RasC and finally SxIF x RasC. Data are presented in a similar fashion in the other
tables
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1 42, 45, 56, 48, 52, 61, 57, 54, 644 60, 39, 61, 60, 69, 49,59, 674 55, 56,57, 61
38, 64,69, 71,35 5 58, 61, 52, 53, 54, 61, 29, 31, 615 61, 59, 57, 56, 55, 48, 91, 742
55, 50, 4G R1/839%64, 50, 81, 67 Sxlpe tTa As,c, F x tRe Ml - 2NpYGBp0/04586 WO

01/ 39599 PCT/ GB00/ 04541 Stwl Tetracycl ine Fenmal e Total Male Total conc.
gl M Q60066016606 0-0-6—6—B11- 3676274 4149, 58317
43, 442, 65“?831@51@315 1 58, Wa& 41, 55) 589807 47, 70M8E, 51, 30, 76°%bg 5
36, 38,|5 gémg4 P71 57,71,68,53,44,42 335 Stw tTa A B t Re Ras64B
2( B, 'Ietracy Fenmal e Total Male Total [conc., a/ml 0 0,0,0,0,Q,0 0O
50, 44,[45, 56,040, 67 B02 0,010,6,0060 37, 28, 16, 125R9A6561,33,653761, 48374 336 1
69, 64,[41, 13, 31, 18 P36 33, 70, 39, 45, 40, YO 257 5 52,42,49,19, 20,41 2423
37, 80,41, 48, 80 291 Stw tTa AB | x|tRe Msl 1|\/pu A S Tetrdcycl i ne Femal e
Tot al Hvate—Totat CONC 5050470070, ; 70, 52, 60,
1910 45 0 4T5a 57] B-SaThB0aL3530 50’ 2 bl 4@#%?&5?’25’,535 2720341 15 36
43 1|46, 34, 35,63, 47,70, 64, 439 55,40,40, 71, 50, 72, 14, 46, 490
1 59,57,63,59,31,21,15,21 | 326 |47,56,49,62,63,67,71, | 473
58
5 61,47,52,56,38,22,16,12 304 | 68,72,67,92,58,54,61, 535
63
Sxlpe tTa®PCH y tRe Msl-1MPAB)
Tetracycline Female Total Male Total
conc.” ug/ml
0 0,0,0,0,0,0,0,0,0,0,0,0 0 56,72,81,69,62,63,56, | 761
47,82,57,55,61
0.1 79,56,47,42,51,61,52,52, 647 | 58,41,40,35,50,67,71, | 562
49,51,53,54 39,52,62,40,70
1 42.,45,56,48,52,61,57,54, | 644 | 60,39,61,60,69,49,59, | 674
55,56,57,61 38,64,69,71,35
5 58,61,52,53,54,61,29,31, 615 | 61,59,57,56,55,48,91, | 742
55,50,49,62 63,54,50,81,67

Sxlpe tTa*BCH x Re Msl-2NoPHECD)
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39,41 42 5 52,70, 37,34,35,57,49, 434 54,71, 41,42, 41, 66, 56,55, 481 50,50 55
Stwi tTa AB Cx tRe Msl-2Np ' 'D 36 WD 01/ 39599 PCT/ GB00/ 04541 Actin5C
TetracyoVo ne3dseamal e Total Male Total conc. g/m 0 0, 0, OPOT/GB00/@541
0,0,0,0,0,0 377 0.1 77,57,69, 50, 45,63 361 50, 70, 71,67,53,61 372 1

86, 59, " 0,70,72 427 46, 89, 72,45,76,55 383 5 46, 49, 87,63,59,71 375

75, 83, 58733, 72,82 400 Actin5CtTa B ' x tRe Ras64B 12 s' Tetracycline
Fenal e Total Male Total conc. g/m 0 0,0,0,0,0,0 O 83,73, 65,69,53,80 423
0.1 72,74,80,68, 72,46 412 82,52, 57,66,86,59 402 1 61,83, 48, 66, 65,57 321
74, 69,85 TeadBlifd 3b1 5 7Eentale 50, 62, 6To8h 386 48Mi¢ 52, 62,|8%0@Y |401
ActingC tTa B ' x tRe Msl I Mou A Tetracycline Fenale Totdl Malg Tot al
conc. |g/ RPN HE/M! 0, ) 0, 0, 0 0 0 0 63 52 67, 71, 88 55 46,86, §03 73 0.1

84, 85,8373 484846 T71; A48 —81 1
70, 70,166, 81, 50, 52, 69, 81, 0’69, 87, 47|, 64, 66|, 59,

0.1 36,62,71,41,49,58 317 43, 442 63 35,68 315

1 58,37,58,41,55,58 307 47,70,51,51,39,70 328

5 36,38,56,43,34,64 271 57,71,68,53,44,42 335

Stwl tTa®P® x tRe Ras64B" 12EB0)

Tetracycline Female Total Male Total
conc.” pg/ml
0 0,0,0,0,0,0 0 50,44,45,56,40,67 302
0.1 67,56,37,23,16,12 211 56,53,50,61,42,74 336
1 69,64,41,13,31,18 236 33,70,39,45,40,70 257
5 52,42,49,19,20,41 223 37,80,41,48,80 291

Stwl tTa»P® x tRe Msl-1MPHAB)

Tetracycline Female Total Male Total
conc.’ pg/ml
0 0,0,0,0,0,0,0,0,0 0 38,53,47,68,38,70,52,60, | 481
55
0.1 54,57,41,64,40,63,39, 436 | 59,58,49,73,48,69,45,47, | 491
42,36 43
1 46,34,35,63,47,70,64, 439 | 55,40,40,71,50,72,74,46, | 490
39,41 42
5 52,70,37,34,35,57,49, 434 | 54,71,41,42,41,66,56,55, | 481
50,50 55

Stwl tTa®P x tRe Msl-2NPBCD)
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5 67,70, 87,61, 54,54,67, 74, 615 71, 61,57,53, 51, 65, 45,68, 522 81 51 Actin5C
tTa (B, C, x tRe Msl-2Np C, 37 WD 01/39599 PCT/ GB00O/ 04541 Hsp26

Tet r acyoVo ne3dseamal e Tot al

Mal e Tot al

conc.

g/m 0 0,0, OPOT/GBOY/®S0L 0 O 0.1

47,56, 71, 61 235 46, 52,53,59 210 1 60, 46,52,41 199 79,71, 68,56 274 5
2,51,71232 i?G 0,49, 62,43 154 Hsp26 tTa A x tRe Ras64Bv12(B,

Tetrac Femal e Total Male Total conc. g/m 0 0,0,0,0,0,0 0
64, 58, 33, 66, 55,42 318 0.1 45, 44,72,56, 62,49 328 53, 54, 80, 57, 66,58 368 1
70, 35, 61, 50, 57, 37 310 78, 36,70,56,61,42 343 5 44 58 58, 59,42, 52 313
46, 68,|66Ted#acdBlis 347 Hdphfalda Ta x { R&oMEl {1 pu AMBle Tetracydiotalel Feral e
Total |Male Total ¢onc. g/m 0 0,0,0 0 56, 47,56 159 0.1 48|49, 62 159
56, 68,|49cam®g ugimh3 145 51 135 36,39, 47 122 |5 55,3,66 124 61|5,54 120 Hsp26
tTa x tRe ?vtc') —2Nopu—7; B’O,O?&O}G’EB 0173 BWW,@O 377
0.1 77,57,69,50,45,63 361 50,70,71,67,53,61 372
1 86,59,60,80,70,72 427 46,89,72,45,76,55 383
5 46,49,87,63,59,71 375 75,83,58,83,72,82 400
Actin5C tTa®%" x tRe Ras64B" *®%)
Tetracycline Female Total Male Total
conc.” pg/ml
0 0,0,0,0,0,0 0 83,73,65,69,53,80 423
0.1 72,74,80,68,72,46 412 82,52,57,66,86,59 402
1 61,83,48,66,65,57 321 74,69,85,58,48,61 351
5 70,57,50,62,61,86 386 48,68,52,62,84,87 401
Actin5C tTa®“P x tRe Msl-1MPUAE)
Tetracycline Female Total Male Total
conc. pg/ml
0 0,0,0,0,0,0,0,0,0 0 63,52,67,71,88,55,46,86, | 603
75
0.1 84,85,83,73,48,48,46,71, 548 | 62,54,48,81,85,74,78,77, | 637
58 78
1 70,70,66,81,50,52,69,81, 590 |69,87,47,64,66,59,58,47, | 549
51 52
5 67,70,87,61,54,54,67,74, | 615 |71,61,57,53,51,65,45,68, | 522
81 51

Actin5C tTa® &P x tRe Ms]-2NP B & D)
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Yp3 Tetracycline Femal e Tot al

65, 70, 61, 65, 47, 42
56, 56, 6 W@ 91/5539943
44, 56,79, 74, 52, 49
Tot al | e Tot al

36, 65, ¥£-57, 59, 68
49,72, 68, 59, 41, 58

tTa Ax tRe Msl-1""

Mal e Total conc..tg/m 0 0,0,0,0,0,0 0

350 0.1 33,54,50,72,63,50 322 42,64,52,74,67,54 352 1
342 59, 64, 65, 75,64,49 376 5 46,51, 73, BOT/4EB)BSBIL6

354 Yp3 tTa A x tRe Ras64B 2 B, ' Tetracycline Fenale
conc. g/m 0 0,0,2,0,0,0 2 49,58, 39,65,35,51 297 0.1
336 46, 73,77,46,66,71 379 1 42,65,67,57, 35,53 319

347 5 55,55, 43,58, 36,60 307 63, 64, 49, 63, 45, 64 348 Yp3
A B, Tetracycline Female Total Mile Total conc. g/m

0 0,0,
35,72,

0, @efaddyciindg5,
45,56, 36,44 2

35, 72, F2mide 37 276
48 1 41, 39, 42, 60,

TOtal
70, 72

34, 68, Mals1, 33, 40 P68l
324 51,49, 46,61, 18,77 362 5

70, 55, ?60??Ff?/19\£,349,\z4,\5864 ZS, 5.1’ 66 38_6'" Yp3 .t Ta A. X t R.E Msl - 2NCpu "
Sexes |can bedetTicipntly SlHhat ed, Mhil e [dood ropreLsion 4 Ccnis o
lethallity cgn be achi eveg7 by 71/s¢ addi|timy daf nodgsh sg@ycent rlatiigns of
tetragycline to thel food. This repressionlis effective overl a w ge range
of tefracycllne concentra#6A3,41EXAVALE9Y: |REPORTEROGROSSES | 274
5 2,51,71,32 156 0,49,62,43 154
Hsp26 tTa®™ x tRe Ras64B" 2B
Tetracycline Female Total Male Total
conc.” pg/ml
0 0,0,0,0,0,0 0 64,58,33,66,55,42 318
0.1 45,44,72,56,62,49 328 53,54,80,57,66,58 368
1 70,35,61,50,57,37 310 78,36,70,56,61,42 343
5 44,58,58,59,42,52 313 46,68,66,64,48,55 347
Hsp26 tTa™ x tRe Msl-1MPuA5)
Tetracycline Female Total Male Total
conc. png/ml
0 0,0,0 0 56,47,56 159
0.1 48,49,62 159 56,68,49 159
1 43,45,51 135 36,39,47 122
5 55,3,66 124 61,5,54 120

Hsp26 tTa® x tRe Msl-2NoPuAB)
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In "reporter crosses" at 25C, femal es honbzygous carrying an insertion of
Sxlpe tTa on their X chronosone (Sxlpe tTa(A)) were crossed to nal es
carryi ngvoar/3sses reporter constructs. As with "single cheDGBS@MBS4Cr 0OSSES”,
ten to fifteen virgin femal es honbzygous for the tTA construct and five to
ten yo mal es honozygous for the tRe construct were placed on food

cont ai At or lacking a tetracycline supplenent. Their progeny were
allowed to develop on this food. lacZ Enbryos were stained for |acZ using
a standard histochem cal nethod. Tetracycline LacZ positive Total lLacZ
negat il ve Teoha@klinconc. g/ mFdéna®®, 85, 99, 66taBq4 78, 89Vi8ls, 93 345 T@all |0,0,0,0 O
176,1%74,178,181 709 1 0,0,0,0 O 188,|190,181,180 739 5 0,0,/0,0 O
156, 151, IS@P,-’WBSl (Fenal e) Sxl pe tiTa A Y tRe lacZ .. (Malle) Tetjiracycline

LacZ positi FotatttaczZ Totfat— cgnc FTH W,W 281

61, 74,59,82 276 0.4 0,0, dﬁl&g’%dj qSl g5, 132, 906%?9’%]13{)%0, 0% , @ g

170, 161, 181195 707| 538)50,50,70,68, 5@26 19032190, 49645024,d7\44 e) Ssbpe tTa A x
tRe lacZ (Femnle) 4D WD 017 39599° PCT/IGRO0/ Q4541 Tet racycline lac¥ positive

Total |LacZ nkgative Toﬁ@.56,6d:éﬁé.7,4@/n1 054@ a, 059,66,658@@049 19433769|711 0.1

0, 0, 0,/60—364-1/531P637/9—+08—1-0:0 ""MJ 13919516 3+—570,0,0,0 O

109 181, 169, 164 683  36,51,73,65.42,39 ~'[7316 TR TN T ko N R TRl R
Yp3 tTa® x tRe Ras64B" 2B:L)

Tetracycline Female Total Male Total
conc.’ ug/ml
0 0,0,2,0,0,0 2 49,58,39,65,35,51 297
0.1 36,65,71,37,59,68 336 46,73,77,46,66,71 379
1 42,65,67,57,35,53 319 49,72,68,59,41,58 347
5 55,55,43,58,36,60 307 63,64,49,63,45,64 348

Yp3 tTa® x tRe Msl-1MPUA-B)

Tetracycline Female Total Male Total
conc. ug/ml
0 0,0,0,0,0,0 0 35,35,72,52,45,37 276
0.1 34,68,42,51,33,40 268 35,72,45,56,36,44 248
1 41,39,42,60,70,72 324 51,49,46,61,78,77 362
5 70,55,56,65,43,61 349 74,58,64,73,51,66 386

Yp3 tTa® x tRe Msl-2NPuAB)
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(Male) Sxlpe tTa n tRe laCzZIll x C(1)DX (Fermal e) EGFP Enbryos were scored
for fluorescence. In the case of enbryos on tetracycline-free nedia, these
were sepap at/ad99 al | owed to devel op on tetracycline-free pedGaI@md4t he sex
of the energing adults was scored. Tetracycline Fluorescent femal e nale
Non- f |le .male conc. g/m Fluorescent 0 89, 100, 53,55 200 0 99, 86, 46,51 0
232 0i¥3@¥§9§,0 - - 199,182,188, - - 153 1 0,0,0,0 - - 170,135,163, - -
196 5 0,0,0,0 - - 186,159,127, - 200 (Female) Sxlpe tTa n x tRe EG-P il k
(Male) 41 WO 01/39599 PCT/ GBO0O/ 04541 Tetracycline Fluorescent fenmale nale
Non- f @iedesdatemshow thainene qy/beth Exeoraadsefficiontboslninged s8hifigod repressss o, 72 1

256 0.1 0,0,0,0 - - 196.170,165,.- - .16 0,0 - -..182.200,.197. - -

161 5is 8?“&)’1}’8‘/ 93“-""1%%?1 %‘i 37’% g a%ﬁmofé’f m‘%‘ﬁél"&'“%%?g%nst oFfE Ecyglf‘ﬁeto %Zﬁrp( 11

(F IFe nal %aodeFHi@Fe;s%séieﬁ iF4fARK08 668 a Wik arf8 BB lefrabidfime RBA&RNTraidse  conc. g/ m
uorescen

EXAMPLE 2: REPORTER CROSSES

In “reporter crosses” at 25°C, females homozygous carrying an insertion of SxIp°® tTa on their X
chromosome (SxIp° tTa®) were crossed to males carrying various reporter constructs. As with
“single chromosome crosses”, ten to fifteen virgin females homozygous for the tTA construct
and five to ten young males homozygous for the tRe construct were placed on food containing or

lacking a tetracycline supplement. Their progeny were allowed to develop on this food.

lacZ

Embryos were stained for lacZ using a standard histochemical method.

Tetracycline LacZ positive Total LacZ negative Total
conc. pg/ml
0 60,85,99,60 304 78,89,85,93 345
0.1 0,0,0,0 0 176,174,178,181 709
1 0,0,0,0 0 188,190,181,180 739
5 0,0,0,0 0 156,151,159,185 651

(Female) SxIp® tTa® x tRe lacZ"™ (Male)

Tetracycline LacZ positive Total LacZ negative Total
conc. ug/ml
0 57,82,97,45 281 61,74,59,82 276
0.1 0,0,0,0 0 131,165,132,90 518
1 0,0,0,0 0 170,161,181,195 707
5 0,0,0,0 0 126,190,190,196 702

(Male) Sxlp° tTa® x tRe lacZ"" (Female)
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00000- - 196,179,165, - - 164 0.1 0,0,0,0 - - 179,197,198, - 188 1
0,0,0,0 - - 198,187,190, - - 164 5 0,0,0,0 - - 170,177,199, - - 165 (Male)
Sxl pe t WO M/3959Re EGFP x C(1)DX (Female) C(1)DX is a conpoL/csodo45ir OnDSONE;
effectively two X chronosones joined together. The X chronosone from nal es
crossed to C(1)DX fenmales is therefore inherited by the sons, rather than
t he daughters Concl usions The data denonstrate that, as expected,

reportie el €$S! Oanlo?ﬁddftﬂ%d of f Tdtalt € Pr@sERESRL T €ft maearc| i ne
over 4 range o congentrations. 42 WJ 01/ 39p99 PCT/ 0/ 04541 EXAMPLE 3:
RECOVEI Naihc. Gri2aVOSOVE EXPERI NENTS 40t 45 young fenal es and 20} 25 young

mal es lraised at--25C Wpon food with the indibated tetraeveli

vere allowedOto naté, then0OGhsferrel t& npr ndl89(2p@’t1§é’é§%I i ne-flrleg

after =4 Thesef1t1e o e tTangferTedt t
every |day focﬁlz days, th hUrf(?armved bn T he 13;1646%19%1%the

i ncubgted at 125C whill e thegprpgeny dpvepopped. 1§quoque5$ of| mg7 [and
fermal §_progeny emerging as adults in pach vial were recaorded. Tetrlacycline

concerftrati o SX pe Tet o;@m;o Day 1| Dy 2| Dayl93,10hy69, 106y 5 BBB 6 Day 7

g/ m I\ | e I:arnal e |\/b| Coamml n Ml a Eanhnl ~

h] A~ I\ e—Fenpste |vu.|
Femal e Mal e Fenal e iMEEQgéi%ST%A)é%C b‘c‘z)& XOCQ]OF?QFQBWE')HO 0 ©

-

EGFP

Embryos were scored for fluorescence. In the case of embryos on tetracycline-free media, these

were separated, allowed to develop on tetracycline-free media and the sex of the emerging adults

was scored.
Tetracycline Fluorescent | female | male Non- female | male
conc.’ pg/ml Fluorescent
0 89,100,53,55 | 200 0 99,86,46,51 0 232
0.1 0,0,0,0 - - 199,182,188, - -
153
1 0,0,0,0 - - 170,135,163, - -
196
5 0,0,0,0 - - 186,159,127, - -
200

(Female) SxIp®tTa® x tRe EGFP™ (Male)
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1128 0 137 0 150 0 136 0 111 0 87 0 100 O 5 110 0 111 0 95 0 90 0 144 O
93 0 138 0 20 131 0 126 0 133 0 120 0 93 0 99 0 111 O 100 139 0 127 O 145
0 110 OWaEB1/598 0 94 0 500 95 11 133 12 145 1 137 1 8BCODGBIZB41128 O
1000 140 12 133 24 119 8 94 2921 137 1129 1 2000 110 35 97 25 94 16 138

12 115—2-126—3—145 Fet - Pey—9—Day 16—+ F Tot al
o/ i Nt BEEHAS Vhi EVREEL WATEE b RFE Yl o Nl o [VEPETEOnHIAE o o
Fenal ¢ ‘8‘5’30 ﬁg@n 131 0 148 0/86 0 99 0 126%1&”35@6&06 0 1090 97 4 124 0
114 013990 106 0 89 0 148 0 148 0 87 20 87 0149 0104 0 113
0 1320 139§ 0 100 689063135 O 2930(120 O 1&9,5}5,7194733 0 500 [14%60 129 0 114
0 1310 126 0 1478|125 100089 Q0 9410 97 (0 138 0 87 (@ 1349 49 2040 94 0
137 0(99 0 @41 0 143 .8889 92 Sxlpe -t TAI96/RFO.ROE64Bvt2 or the X
chromgsone. 43 WO 01/ 39599 PCJ/ GB00/04541| Tet 6Conc Day 1 Day 2 (Day 3 Day
4 Day |5 Day 6 Day ¥ g/m Ml e|Fenal ¢ Ml e Femat}e2 Mal @ Fenmal ¢ Mal e [Fenal e
Mal e Femal e Vel e Femalgo bl € Female| 0.1 .qu,Qo@’Eﬁgﬂ 490 121 Q 134 0 150 0
117 0| 1 149 0 86 0 1110 112|0 126|0 148|0 136 0 104 0 99 0 148 0 128 0
142 0134 0 93 0 20 121 0 106 0 97|0 1270 142610 131 0 107 |0 104 94 0 142
0 115 6—434—6—344—$—203-0-13310—500 4034348 2344624984223 0 120 0
115 0| 1000 110 29|87 430938 22 145(17-91 3@3511 81 1- -
182
(Male) Sxlp° tTa"Y) x tRe EGFP™ (Female)
Tetracycline Fluorescent male | female Non- male female
conc.’ pg/ml Fluorescent
0 0,0,0,0 - - 196,179,165, - -
164
0.1 0,0,0,0 - - 1179,197,198, - -
188
1 0,0,0,0 - - | 198,187,190, - -
164
5 0,0,0,0 - - 1170,177,199, - -
165

(Male) Sxlp® tTa® ; tRe EGFP"" x C(1)DX (Female)

C(1)DX is a compound X chromosome; effectively two X chromosomes joined together. The X

chromosome from males crossed to C(1)DX females is therefore inherited by the sons, rather

than the daughters.

Conclusions

The data demonstrate that, as expected, reporter gene expression is turned off in the presence of

tetracycline over a range of concentrations.
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2000 123 42 145 37 131 43 139 15 126 12 118 7 100 4 Tet. Conc. Day 8 Day 9
Day 10 Day 11 Day 12 Total g/m Male Fenale Male Fenal e Mal e Fenal e Mal e
Femal e Mabelsspmi e Male Female 0.1 138 0 142 0 147 0 13PCOGBAR0B41541 0 1
129 0 123 0 91 0 99 0 131 0 1441 0 5 99 0 106 0 95 0 144 0 129 0 1421 0

20 149 0 150 o 128 0..1487 100 119 0 143 0 87 0 144 0
1416 0 %0 '581“6%%‘4‘??1‘6051.‘6‘%5"&%’%'%?@9 1000 92 0 150 0 145 0 107
0 143 0 1416 87 2000 92 1 120 0 89 0 106 0 149 0 1438 161 Sxlpe -tTA

t RE- Ras64BV12 on the third chronosone. Tet. Conc. Day 1 Day 2 Day 3 Day 4
Day 5 Bayts6yobay femagésdnd\ad-25 F@mlmal&bﬁa'eseﬁeh%ﬂ@ Mhefodiéwiﬁhehm@aléérml e Mal e
Femal e Mal e Fenal e Mal e Fe 1 97.0 136.0 152 0 130 0 1qg 14_0 ,88 0
1 102 GCUpSYPINESUPRICHIORt Werg owecmmetegtfe@tra@f nfggaldtei@sy ing-fre§) fpdo
127 0 7 130 0
T4 o P 1% e B atet Tt S el doabioed gRed it R s, 100,
92 15 8BerSetdOeBorl thHe 13tHlddy. QIO hel/idld Srefk m&ﬂﬁ&d]a?ZS‘Zl“&Eielme ﬁ15§eri’y 164 4 135
1 97 1 144 0 44 WD 01/39599 PCT/ GBOO/ 04541 Tet. Conc. 9 Day 10
Day 11 dewglones. fideaumbgrsaf male and-EmalepigEeny qrasrging aﬁ/&ﬂ'éltﬂﬂér?a%Vl%W%reFe nal e
Mal e F%%%J%mwhle Female 0.1 140 0 104 0 141 0 173 0 81 0 1464 0 1 104 0
120 0 102 0 144 0 1527 0 5 116 0 123 0 155 0 163 0 121 0 1535 0

Tetracycline concentration

Sx1F®
Tet. Conc.| Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
ug/ml | Male | Female | Male | Female | Male | Female| Male | Female | Male | Female | Male | Female| Male | Female
0.1 103 0 98 0 89 0 92 0 105 0 95 0 110 0
1 128 0 137 0 150 0 136 0 111 0 87 0 100 0
5 110 0 111 0 95 0 90 0 144 0 93 0 138 0
20 131 0 126 0 133 0 120 0 93 0 99 0 111 0
100 139 0 127 0 145 0 110 0 149 0 128 0 94 0
500 95 11 133 12 145 1 137 1 86 0 112 0 128 0
1000 140 12 133 24 119 8 94 2 92 1 137 1 129 1
2000 110 35 97 25 94 16 138 12 115 2 126 1 145 1
Tet. Conc. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
pg/ml Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 106 0 131 0 148 0 86 0 99 0 1262 0
1 106 0 109 0 97 0 124 0 114 0 1399 0
5 106 0 89 0 148 0 148 0 87 0 1359 0
20 87 0 149 0 104 0 113 0 132 0 1398 0
100 93 0 125 0 29 0 121 0 139 0 1469 0
500 142 0 129 0 114 0 131 0 126 0 1478 25
1000 89 0 94 0 97 0 138 0 87 0 1349 49
2000 94 0 137 0 99 0 141 0 143 0 1439 92

SxI™ -tTA, tRE-Ras64B"!? on the X chromosome.
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20 122 0 103 0 126 0 123 0 78 0 1243 0 100 127 0 133 0 79 0 157 0 154 O

1483 0 500 164 0 95 0 160 O 154 0 91 0 1625 2 1000 168 0 153 0 80 0 95 O

79 0 1400263952000 158 0 103 0 129 0 141 0 97 0 1543 44 PSKRIGBeV/O4STA,

t RE-Ms1-2 Np" on the X chronosone. Tet. Conc. Day 1 Day 2 Day 3 Day 4 Day 5
Day 6 Baysr—gi-rATMagEerale—Val-ofery & t-e—eapi-e—val 85 efa-givt-e
Feral e| AL 2" Ehml e MHPE Femal OBl 1 11124 108 0P3320 0 4876|101 B 0 130
0 1 89 wmopMr Fewe'y Mg |Ormaly| Bl ™y | 188 | TP | YD) Femarg Me'e g BMg'e 1R¢ 0°7% |0
93 0 78 01 2D1®2[ 0083 68 129 0] 1827| 0066 11 §9 0 P%340| 20Q 72 (0 VO| 77 O 6 O
106 0 12270 1tofs 00o0Use’ g b L|L8110] 68 U 07 [0 88 62688 0 138 ¥ ol0PWesIRZ02 |107
1 133 6 1}6 1&1u Q 103 4 1019 O(&e 2090 3P AT S 1530 R 14 0
83 0 Tet> chiz | ooy 1a’bdy 0 b ho mdviq Bavl 1% Tafall ol Vel e Eemal e
Mal e Femee Mi'e] FBndl 8 Nal% Fetml e Mii'é frerfal b ¥n] e®Fdnfif ¢ %. 17927 6 d2 0
79 0 77 00013399 [1267 |01423 AL D1BOY4 O §1130 (124 D185[ 0011703(¢ 05 1OB D 84 |0
135 0 YIS0 B200[ 13k65 s (203 1P1000] 71 @ 408 O 78122 [t1g O &d27 o0 | 330 186 |0
104 0 He 00107101168 0—50Pp—-1280-304-—-01+73 H04—0—88—0—1-33-6—34000
101 0 112°0 ka0l o d & 10 '313nd™3 Bodo 10 b ot b 12d B 4od of 151 0"1925
32 Sx| p@2t A3 | RE- N6Y2 ANSpul 6H k HE {HPYd dhr pispn®. |48% W 701} 3¥5p9o*
PCT/ GB00O/ 04541
Tet. Conc. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
pg/mi Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 138 0 142 0 147 0 130 0 112 0 1541 0
1 129 0 123 0 91 0 99 0 131 0 1441 0
5 99 0 106 0 95 0 144 0 129 0 1421 0
20 149 0 150 0 89 0 128 0 140 0 1487 0
100 93 0 119 0 143 0 87 0 144 0 1416 0
500 98 0 129 0 90 0 124 0 107 0 1388 | 72
1000 92 0 150 0 145 0 107 0 143 0 1416 | 87
2000 92 1 120 0 89 0 106 0 149 0 1438 | 161
SxIP® -{TA, tRE-Ras64B"'? on the third chromosome.
Tet. Conc.| Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day7
pg/ml | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 97 0 136 0 152 0 130 0 108 0 114 0 88 0
1 102 0 99 0 134 0 171 0 171 0 118 0 91 0
5 130 0 159 0 156 0 91 0 84 0 127 0 110 0
20 76 0 129 0 126 0 79 0 89 0 98 0 94 0
100 112 0 145 0 130 0 124 0 79 0 109 0 134 0
500 136 2 79 0 161 0 102 0 171 0 151 0 161 0
1000 92 15 83 9 150 3 149 2 146 0 92 0 115 0
2000 [ 127 | 21 95 14 | 153 3 164 4 135 1 97 1 144 0
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Tet. Conc. Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 g/m Mal e Fenale Ml e
Femal e Mal e Fenale Mal e Fenal e Mal e Fenmal e Mal e Fenal e Mal e Fenul e
0 137 0w 00398 0 114 0 107 0 114 0 1 73 0 90 0 99 0 12PcDGBABIGB48B5 0 85 0
584 0 122 0 131 0 93 0 104 0 90 0 133 0O 20 127 0 128 0 80 0 105 0 81 O

0.1 93

122 0 #4

0 88 0826
114 0 114 _Q

Femal e Hvete
00
Fermal e|_Q q

8010072080087 01 28-0-78-0-92-6-—86TH5P0—98R780-94 1
105 0 15850195 lo2 o [PFh00 1174 a5 2 138 11120 178420 a8 0°f13 0 000
91 16 pordm g3 Fetry Masel FEmdry a1 5o | TR | CSBAR | MBy| T ERMY IDSYPCL0 Day
11 Day| 12-.fTotlal40g/ nP Nhie |[Feful|e ‘Whlle Fenal”@ Mal%e Fefal e Wal g4feimaPe (Val e
Femal e[ vate femgat[e 00112617 O 71810 123 0|12 U b21[01d 27900 [ 620 0 90 O 68

08960518970 76—0—43810- 8516346032336 —30-95:6-+48-0 70 0

2“5 0 21do™6l 01370 85 0 108°0la2 al1tiala 00
109 0 86 ¥ 136'® 1181 |1'%°1008 95'% 137° 0|9&%0|1%0 0 & p 2280"°% | 2800 84 0
98 0 8B 00128 Q713100 [11B7[ 48 [Sx®pd -T TA &R} - Msl { 16h [ hé X @rfondsone.
Hsp26 [Tabo Qofee.| Day | obay & LaYeod |Day Ay 5 oDay 61 Dayo7 [0fekd | Val ¢

e e—pMaHe—+terate—vel-erHFerate-Mate—Fetrale—Male ""g;\rl—e—Pv‘biI e

168" 15? 8 0 0 95 79 140 29

53 154 |0 127 1300181 01151 0 14710 11138 0 98 o~ 74 0 88
0 150 0 %% ¢ 49 0° 4§ 140 0°132'® 119 0[1%9 0 &7 0 56| 0°157°% | 2 1115 O

52 0 WP A, REMsI2E o e X

100 150 0 127 0 126 0 114 0 78 0 93 0 98
chromosome.

Tet. Conc.| Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
pug/ml | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female [ Male | Female | Male | Female
0.1 (RN 0 108 0 130 0 69 0 101 0 110 0 130 0
1 89 0 106 0 119 0 70 0 87 0 117 0 138 0
5 112 0 80 0 68 0 130 0 78 0 93 0 78 0
20 92 0 83 0 129 0 127 0 66 0 69 0 95 0
100 72 0 90 0 72 0 66 0 106 0 122 0 100 0
500 78 0 118 0 69 0 67 0 88 0 83 0 135 0
1000 122 2 107 1 133 0 116 0 115 0 107 0 119 0
2000 134 12 79 14 123 5 130 1 102 0 114 0 83 0
Tet. Conc. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
pg/mi Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 127 0 92 0 79 0 77 0 133 0 1267 0
1 71 0 104 Y 81 0 124 0 65 0 1171 0
5 106 0 84 0 135 0 119 0 82 0 1165 0
20 101 0 7 0 108 0 74 0 112 0 1127 0
100 136 0 104 0 116 0 77 0 107 0 1168 0
500 128 0 104 0 73 0 106 0 88 0 1137 0
1000 101 0 115 0 86 0 96 0 92 0 1309 3
2000 130 0 105 0 120 0 104 0 101 0 1325 32

SxIP® -tTA, tRE-Msl-2M?" on the third chromosome.
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500 119 1 146 0 154 0 132 0 112 0 97 0 80 O 1000 77 5 109 2 105 2 85 0 84
0 127 0 91 0 2000 156 18 101 6 149 3 115 1 134 0 139 0 151 0 46 WO
01/ 3959W®aIV39aB00/ 04541 Tet .

Conc.

Day 8 Day 9 Day 10 DegT/GBo@asp412 Tot al

g/m Male Fenale Mal e Fenal e Mal e Fenal e Mal e Fermal e Mal e Fenal e Mal e
Femal er8ct- b/ PSR 396 © “”;3 T 073523 5 152 185,89 0 §r 4670
89 0 1BR6Z 3 JDL?”?Q 0 148°0 120/ 0" 92 0 1% 0 147801 20 6970178 ol 149 0 72 O
116 0 [L234 of MalqpiFemae] Mae 1728=ip| Ma7| e M2ip | eage oMek4 75 | MeBoTerad| 0% 45 | 104
0 144 p P29 D 9346201 | 13000 075 B4+ 14700 (1895|0097 0412300 (1'22% @ POBGO 86 () 97
0 98 O[I3T O 7 0433028 oFSP3®-[L Té, [URE] VBRI -[Z7 [ o6 | & $emongd 85 0
chrom)‘orr% Fei—-Spre—Pay o Py 2 Pay g Pay 4Ry 5? Bay g6 1Dy 8o ivil e
Femal e e Femal e Mal e Fennl Mal e Femnl ¢ MAl Edmal e !Mal @ Fenkml e IMal e
Fermale| G°1 033 jo 87(d%%27°% n%5 o 921 '@ 80°% 180 Jo °1[8#4 ¢ £53] #1j00° 0|88
0 93 0[ 72000 (126 |0 05|1®4| 0095 @7 112200 (1'48 |0 080 B8 7|7 © 10® ( 020 B85 00137 O
140 0 [B%000 1W@d [0 d4T t& 8900 | WO 146 [Losl46 00 [BBsU 186 (07711800 [IBB [0 820
500 12— 2344899231541 137 1251010172 285146458712
102 5 B3 a0 % | ohod 1R &7 0al4s 114 3R[135 BES 104’ 23 ©0l17 14d™b ° Tat .
Conc. Da$®B DAY 19 Bay Po DAy nf°Day12 Fotal* oy H val e | FEmil € Mal'8 [Fetalle
Mol e Female Male Female Male Female Male Female 0.1 151 0 79 0 108 0 69 O
107 O [T&6480r0. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
ug/mi Male | Female | Male | Female | Male | Female [ Male | Female | Male | Female | Male | Female
0.1 17 0 78 0 123 0 125 0 121 0 1279 | 0
1 91 0 90 0 68 0 88 0 82 0 1089 | 0
5 89 0 70 0 138 0 85 0 100 0 1239 | 0
20 | 9 0 118 0 70 0 114 0 114 0 1262 | 0
100 66 0 137 0 85 0 109 0 93 0 1113 0
500 68 0 70 0 109 0 86 0 136 0 1151 1
1000 95 0 137 0 99 0 120 0 66 0 1282 | 5
2000 84 0 98 0 83 0 128 0 131 0 1137 | 45
SxIP® +4TA, tRE-Msl-1MP on the X chromosome.
Hsp26
Tet. Conc.| Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
ng/mi Male | Female| Male | Female| Male | Female| Male | Female [ Male | Female | Male | Female | Male | Female
0.1 153 0 154 0 127 0 130 0 81 0 151 0 147 | 0
1 138 0 98 0 74 0 88 0 150 0 123 0 115 | 0
5 140 0 132 0 119 0 129 0 87 0 156 0 157 | 0
20 115 0 113 0 92 0 92 0 129 0 77 0 119 | 0
100 150 0 127 0 126 0 114 0 78 0 93 0 98 0
500 119 1 146 0 154 0 132 0 112 0 97 0 80 0
1000 77 5 109 2 105 2 85 0 84 0 127 0 o1 0
2000 | 156 | 18 | 101 6 149 3 115 1 134 0 139 0 151 0
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178 0950 105 0 112 0 154 0 1259 0 5 135 0 84 0 152 0 145 0 142 0 1413 O
20 79 0 157 0 92 0 73 0 139 0 1424 0 100 96 0 135 0 86 0 106 O 157 O 1378

1 500 9003949 O 145 0 84 0 136 0 1475 24 1000 114 1 pdbGBoAGBG40 136 O
152 0 1261 85 2000 149 2 81 0 127 0 146 0 88 0 1416 238 HSp26 t TA,
t RE- M Te\ Cb _ ‘DhSlBL ke kD\IéL C |Ué?+0l e—4 D‘g';)i'?1’)1/ 39 J@a% 13 H \JL) nlanﬂsff_} Yp3
Tet . hNc Day 2 y/ Day 4 Thay 51Day 6 Dayl7 g/ Eemal el Mal e
Fermal e| Mg'® Fé\f‘?ﬁl SN é\"aﬁerjr:ﬁ’f‘%e MiP'e | RS eV Honl EERB mifeE l\fﬁi”@e F'@?lrea gL 1 93
0 119 0 v ( ®41 00170080 (126 O 8% Q 44 11750(135 O ™®22 0012[115 127 O 101 O
138 0[Sl 2 Cm I ® Jew e 18T sy 00 14374 [0 of 0 pyw e pi07 0 98
> o6 O[3 0[11h 1o A7 Jo"8d ol1da ® |robo 100 12 tah £ ha 0 P b 8a 0 129
0 88 0| 2800 [1§% {32°1d2745 187 |12*1d9 9 109%8|140 P 97| 0° TeP*?' [cofic.| Day 8
Day 9 DayodQ |Dey (110Dgy1262 Tot al ¢/ il Wal|e'Fefalde Mal‘eé Fefual p19fl e 'Fejmal e
Mal e FeTrebe Veizg [Feoatjerbil eoFgmabe | Oo 1 |10 ¢ L33[ 0i283] Uol3[46e [LZ1 U 1363
0 1 9b—0Q#+39-940-9879110¢ 366033910961 088 O A P1011384 O
20 13500 136 0 143 123 O 141 0 1346 0 100 96 0 92 0 104 0l 94 115 0O
1407 o 50 14% 0 194 |0°123 8 1j04%0 |12% q 7 2 | C | O [™B| *#
Hsp26-tTA, tRE-Msl-2"" on the second chromosome.
Tet. Conc.| Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
pg/mi Male | Female | Male | Female | Male | Female | Male | Female | Male |Female | Male | Female | Male | Female
0.1 120 0 87 0 127 0 115 0 121 0 80 0 100 0
1 84 0 153 0 100 0 88 0 93 0 71 0 126 0
5 134 0 95 0 122 0 141 0 80 ] 77 0 106 0
20 135 0 137 0 140 0 135 0 107 0 141 0 89 0
100 146 1 146 0 82 0 106 0 118 0 118 0 82 0
500 124 12 144 8 99 2 154 1 137 0 96 1 75 0
1000 72 27 85 17 76 15 87 12 102 5 93 5 69 3
2000 132 67 96 45 119 38 135 35 104 22 90 17 149 12
Tet. Conc. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
pg/mi Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 151 0 79 0 108 0 69 0 107 0 1264 0
1 78 0 95 0 105 0 112 0 154 0 1259 0
5 135 0 84 0 152 0 145 0 142 0 1413 0
20 79 0 157 0 92 0 73 0 139 0 1424 0
100 96 0 135 0 86 0 106 0 157 0 1378 1
500 139 0 142 0 145 0 84 0 136 0 1475 24
1000 114 1 145 0 130 0 136 0 152 0 1261 85
2000 149 2 81 0 127 0 146 0 88 0 1416 238

Hsp26-tTA, tRE-Msl-1"" on the second chromosome.
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1000 138 0 105 0 124 0 115 0 114 O 1409 18 2000 114 0 123 0 132 0 115 O
107 0 1404 78 Yp3-tTA, tRE-Ras64BV12 on the second chronosone. Tet. Conc.
Day 1 DayoauPay 3 Day 4 Day 5 Day 6 Day 7 . g/ nl Ml e Ferat/eBMab4s4Fenal e
Mal e Fenmal e Mal e Fenal e Mal e Fenal e Male Fenale Male Fenale 0.1 121 0 94 O
103 0 93 0 96 0 119 0 119 0 1 95 0 123 0 79 0 78 0 130 0 103 0 112 0 5
109 0 110, 0 118 0 124 0 86 0 122 0 90 0O 20 81 0 89 0 127 0 82 0 81 0 79 O

128 0 5 C%nclgy 8+ %7 1 ‘1%@ 951 3%41 84 JDay 15A%) 8‘1’0%% 96168515324
9 123 b 10 D Q{100 47 11() 12 100 8 103 113 102 Q7 2 182 2000
127 63| 180" 54“af2§e%aif Va7 | Praigigvapd Ferpie] Yaly prepale L ide e | ¥98 o8BI ORI 4541
Tet. Cpn@1 Day3 § Day (9'Day 010 DAy, 19 Ddy 120Tot & g/l | Ned ¢ Penplde (Mal e
Fenal e[ Ve & JFemgl eo Vitl16s Femal g1l €0 Fened € val ei1Zremas €1 on 1 84 U7 ® 104
0 76 09501234 6—3—-940-% 8301930313 0120905 r1+32 101236516 O
128 0 1(')\?’5 Q ’Igg (')0 ”(';‘fé:lr’qoﬂ Qgg Q?') ()] I‘Iﬂ?\ 8 a7 )"36 ’I’IOGIR e OR R13’? 19071 )]
114 0 po%® 1128°d 1206 '8 | 500 |8871 93 ¢ #11 G 11de 194 d°21:20§ 71" 1100 95 0
113 O [L1a@poQ (8®°( 8% ( 138193097 1220000 131271 128 (01381 00 9% 16¢ 8200 {1195 200
Yp3-t TR, sdRE- 1961 -2ZZp[@n|The Seeondo CIMapsore; g7 gl .0 Con®. [ Day |[Liedy & Day
3 Day f—hey oy tPaYs & et e Fenp e 695 ma('b" "@é_‘f_%eﬁ@w vage
Femal e e IFemgl e le Femalle le Female Q1 08 Q7 8010 8810
92 0 9p fo0 [ Me | 32 102 15 | 107 12 | 109 9 109 8 140 2 127 0
Tet. Conc. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
pg/mi Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 105 0 133 0 93 0 131 0 121 0 1363 0
1 90 0 119 0 94 0 98 0 100 0 1360 0
5 119 0 96 0 88 0 144 0 91 0 1384 0
20 135 0 126 0 143 0 123 0 141 0 1366 0
100 96 0 92 0 104 0 94 0 115 0 1407 0
500 141 0 144 0 123 0 104 0 124 0 1376 2
1000 138 0 105 0 124 0 115 0 114 0 1400 | 18
2000 114 0 123 0 132 0 115 0 107 0 1404 | 78
Yp3-tTA, tRE-Ras64B"'? on the second chromosome.
Tet. Conc.| Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
pg/ml Male |Female| Male | Female [ Male | Female | Male [ Female | Male | Female | Male |Female | Male [Female
0.1 121 0 94 0 103 0 93 0 96 0 119 0 119 0
1 95 0 123 0 79 0 78 0 130 0 103 0 112 0
5 109 0 110 0 118 0 124 0 86 0 122 0 90 0
20 81 0 89 0 127 0 82 0 81 0 79 0 128 0
100 112 0 87 1 87 1 113 0 95 1 91 1 84 1
500 84 21 96 16 86 15 | 124 9 123 5 86 3 106 1
1000 | 100 | 47 110 12 | 109 8 103 13 102 9 97 2 82 6
2000 [ 127 | 63 | 130 | 54 [ 128 | 34 | 117 | 21 89 12 87 11 90 4
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gm M 'I‘é(;Co %I b;fys |l e Eiy?)ﬁl e I\/h?ogwlznrml paﬁs}hgﬂp I:prxniff,:-éyl\ ) Fpmmfp I\/hTz
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82 4 1’IE N1 oA r\n 10000 U901 2 ’Iné_ Q0 1201 N 1n /a) J-"ldf‘ 11"]‘ ZCM 91 8
5 ”lgz‘ 0 Y426 {20 Y =98 T_07 1‘26“’ Yo 192 =8 44923

88 2 85 114 80 0 11981309 |Yp3-4TA {RE-Ml-1Md 0 he decodd

chromosorf.  ©ditl{ust ons® Thebe |ddP a|sHow| t Wat| f Bedi nY tlhe® ndt"™&rs hi gh
concenf r 4% onsssoff tet faeyqli he (ha¥ sorfe | pPotlecPi ve & flect, |be® [t hat |al |
t hese recanDi|nN&NT cihr QMBS QNES WORK EXtor eeliy el bi Cj end 1y ovemc& 251D
01/ 3959 TR O - WtsTrangeTofy tpasentah)—ted \,yb. HASs T o7
concentratiomns_wth tthe qole gxcepiion 0f "Yp3 tTa tRe | -1 anlt he

2"d chr off8Soire®! [whi chh Kad sbnd (L19 %estaPerls 8ven %t Io9vt tPdci® ilne
concen n quJuh | otic reconbination in Drosophila

el anoé’é’g‘fgﬁ ﬁ%?ggsqcld efaﬁ%’%‘gc Heugiii%ant chr omosomes coul d be used in
a genetic sexing or |nsect control program if required. In practice,

Dr osophi |l a nel anogaster is not an agricultural pest or disease vector, but

these data denonstrate that the effective elimnation of ope sex can be
achi ev é’e{ q?g;, IDPYI 1S Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
ug/ml Male | Female | Male | Female| Male | Female| Male | Female | Male | Female | Male | Female | Male | Female
0.1 9N 0 84 0 107 0 80 0 88 0 92 0 99 0
1 117 0 92 0 128 0 80 0 104 0 116 2 8 0
5 82 0 123 0 116 0 120 2 89 0 90 0 95 0
20 92 1 101 0 87 0 109 0 81 0 121 0 83 1
100 108 13 130 9 131 5 99 7 109 3 123 1 107 1
500 78 22 85 16 80 12 106 15 130 11 91 10 118 7
1000 130 35 86 42 78 26 116 14 80 12 82 17 77 15
2000 116 79 130 72 78 44 101 29 132 32 94 22 89 16

Tet. Conc. | Day 8 Day 9 Day 10 Day 11 Day 12 Total
pg/mi Male | Female | Male | Female | Male | Female | Male | Female | Male | Female | Male | Female
0.1 88 1 135 0 123 0 128 0 114 0 1229 1
1 101 0 127 2 84 0 101 0 79 0 1137 4
5 80 0 94 0 127 0 128 3 86 0 1230 5
20 132 0 81 0 88 0 112 0 127 0 1214 2
100 106 1 132 0 81 0 115 0 107 0 1348 40
500 115 2 98 0 86 0 82 4 115 0 1184 99
1000 131 3 104 1 99 0 125 0 108 0 1216 | 165
2000 91 8 88 2 85 5 114 0 80 0 1198 | 309

Yp3-tTA, tRE-Msl-1""" on the second chromosome.

Conclusions

These data show that feeding the mothers high concentrations of tetracycline has some

protective effect, but that all these recombinant chromosomes work extremely efficiently over a
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met hod. EXAMPLE 4: USE OF NON ANTI BI OTI C TETRACYCLI NE ANALOGUES Reconbi nant
chronosone stocks can readily be maintained at 25C on epi oxytetracycline

concent ved bosws9of 1 g/ m or anhydrotetracycline concent retT/oBso/efs40.1 g/ m ,
showi ng that these non-antibiotic tetracycl i ne anal ogues are effective in

repressi ng t TA responsi ve e expression. tetracy standard
range OYid@ERmge p@&ae%@mra%fcﬂeﬁgo Fgatipga.ith the %P?%Wnrfﬁj SG%BAF? 18fit <
(0.05 30 Megf e o™V YR sorﬁé\awh@chtl&s g@fn@ké‘ifﬁé%ééc s Blerldtol R4S cline
concent rations, so marke et rac | ne Fenmal e
Mal e Qbﬁien&aﬁ&nsn Sincerthete is ﬁb fhemtld recm)mbmatibnﬁn IB0SphBa Welﬁ&kast@@m@lei,m

Sxl pe tTa, tRe Ras64BV12 on the X chrompsone 50 WD 01/ 39599 PCT/ GB00/ 04541
Epi oxytoéﬁhea@y@pm@aebﬁgomom%ﬂ couidbbeusgd 4 a genels Seripe opyngect contiolpregrag, 4 - 9

0 1165 ;¢ 2 0irdd 'R pr rPeg(%o g CB%EZ {gelgﬁg{to-legfwstg}* fﬁ%d’?’%ﬁ QRMArADeliRt dReasVelitRSONE

Epi oxyt e r acycl [
but these data demonstrate that the effective elimination of one sex can be achieved by this

method.

EXAMPLE 4: USE OF NON-ANTIBIOTIC TETRACYCLINE ANALOGUES

Recombinant chromosome stocks can readily be maintained at 25°C on epioxytetracycline
concentrations of 1 pg/ml or anhydrotetracycline concentrations of 0.1 pg/ml, showing that these

non-antibiotic tetracycline analogues are effective in repressing tTA responsive gene expression.

Epioxvtetracycline

A standard range of additive concentrations were used in the following experiments (0.05 - 20

ug/ml). We were unable to maintain stock at two lowest concentrations, so marked n.d. (= “not

done”)
Epioxytetracycline Conc. Female Male
pg/ml

0.05 n.d. n.d.

0.1 n.d. n.d.
1 0 1306

5 0 1581

20 0 1495

SxIp® tTa, tRe Ras64B" '* on the X chromosome

50



0.05n.d. nnd. 0.1 n.d. nnd. 101076 5 0 1119 20 0 1159 Sxlpe tTa, tRe
Msl - 2NOpl on the X chronosone Epioxytetracycline Conc.' Fenmale Male g/ n
0.05 n.owonu/ah599 0.1 n.d. n.d. 1 0 1250 5 0 1300 20 O rGB¢BBXI45e1 t Ta, tRe
% -2NQou on the 3r chr onpsone 51 V\D 01/ 39599 PCT/ GBOO/ 04541

n. d.

Epi ox) ac Fermate g m——or 65— 60—t d.
10 148§P‘°§Y%“i°é’§§“e(§6n°o 1565 sm% a'li@‘r t Re sl -1|vpu1\£?4 the X chronpsone
Epi oxyt et racy(ug/rgp Conc. Ferale Mal e g/ m 0.P5 n.d. n.d. 0.1 n.d. n.d. 1
0 1362

0.05 n.d. n.d.

0.1 n.d. n.d.

1 0 1165

5 0 1279

20 0 1257

SxIp°® tTa, tRe Ras64B"'? on the 3™ chromosome

Epioxytetracycline Conc.’ Female Male
pg/ml
0.05 n.d. n.d.
0.1 n.d. n.d.
1 0 1076
5 0 1119
20 0 1159

SxIp® tTa, tRe Msl-2""" on the X chromosome

Epioxytetracycline Conc.’ Female Male
pg/ml
0.05 n.d. n.d.
0.1 n.d. n.d.
1 0 1250
5 0 1300
20 0 1364

SxIp® tTa, tRe Msl-2YP on the 3™ chromosome
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5 0 1181 20 O 1403 Hsp26 tTa,

Epi oxytetracycline Conc.'
1 0 1243w0103939409 20 0 1373 Hsp26 tTa,

52 WO 01/ 39599 PCT/ GBOO/ 04541 Epi oxyt et racycl | ne Conc.

tRe Msl-2Np on the 2 chronpsone

Fenal e Mal e

g/m 0.05 n.d.
tRe Msl-1 1 on tPlea/@Bmhasurosone
Femal e Mal e g/ m

n. d.

0.1 n.d.

0 05 ’| !'\ ’| /|0’| TL‘-r ’)n 0 007 \I |J\, t Ta
Ras64B" EP‘%‘WGFH@’C?“ GHP‘E)nI some EEPIBilﬁt et racy i ne Cor@ Ferml e Ml e
0. 05 n. d. 1 n.d. n.d. 10 1350 5 0 1308 20 0 1343 Yp3 Ta,
Msl - 1 np' onthueg/ chr onosgne
0.05 n.d. n.d.
0.1 n.d. n.d.
1 0 1483
5 0 1585
20 0 1565

SxIp° tTa, tRe Msl-1"™ on the X chromosome

Epioxytetracycline Conc.’ Female Male
pg/ml
0.05 n.d. n.d.
0.1 n.d. n.d.
1 0 1362
5 0 1181
20 0 1403

Hsp26 tTa, tRe Msl-2""" on the 2™ chromosome

Epioxytetracycline Conc.’ Female Male
pg/ml
0.05 n.d. n.d.
0.1 n.d. n.d.
1 0 1243
5 0 1409
20 0 1373

Hsp26 tTa, tRe Msl-1"" on the 2™ chromosome

52

n.d.

t Re
g/ m
t Re



Anhydrotetracycli ne Anhydrotetracycline Conc.'
1452 0.1 0 1528 1 0 1614 5 0 1448 20 5 1592 Sxl pe tTa,

Femal e

Mal e

g/m 0.05 0
t Re Ras64Bv' 2 on

the X chwomosesme 53 WO 01/ 39599 PCT/ GB00/ 04541 Anhydr otretivGropolssme Conc.

Fermale Male g/m  0.05 0 1381 0. 1 0 1304 1 0 1121 50 1269 20 1 1247
Sx| pe tF tRe—Ras64B—on—tthe—3t onPSotte |||yU| otet crie nc.
Femal ¢ ﬁ@#&y“éﬁﬂﬁhﬁeG@nﬁ 1114 o. ?e@a%lzo 1 0 1130 3N@r1148 20|0 1128
Sxl pe [t Ta, tRe %ﬂl 2N01 onp the X chronpbsonme Anhydrotetracycline Conc.
Femal ¢ Mal e

0.05 n.d. n.d.

0.1 n.d. n.d.

1 0 1431

5 0 1424

20 0 1387

Yp3 tTa, tRe Ras64B"'? on the 2™ chromosome

Epioxytetracycline Conc.’ Female Male
pg/ml

0.05 n.d. n.d.

0.1 n.d. n.d.

1 0 1350

5 0 1308

20 0 1343

Yp3 tTa, tRe Msl-1""" on the X chromosome
Anhydrotetracycline

Anhydrotetracycline Conc. Female Male
pg/ml

0.05 0 1452

0.1 0 1528

1 0 1614

5 0 1448

20 5 1592

Sxlp® tTa, tRe Ras64B"'* on the X chromosome
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0.05 0 1331 0.1 0 1431 1 0 1309 5 0 1359 20 1 1362 Sxlpe tTa,
Msl - 2NOQpu on the 3 chronobsone 54 WO 01/ 39599 PCT/ GB00/ 04541

t Re

7 10
me

26 10

Anhydr otved pEg9$ed | ne Conc. Fenale Male g/m 0.05 0 1582 POT/GB00/A490 1 O
1474 5 0 1619 20 5 1533 SxI pc tTa tRe Msl-1 p 1 on the X chronosone
Anhydr_vl. I. I QI.U U‘I I Ii IIU I Cllul C ‘i gll m G 05 C 7n7 3 o 14.:
1437 ygrpietragye Slepi’ Hsp26 t Re Msl-2Np on é’lazlechrom)s
Anhydr ot etracxggl/ﬂlpe Cone: | Feral e Mal e g/m 005 0 1492 0.1 0 14
1418

0.05 0 1381

0.1 0 1304

1 0 1121

5 0 1269

20 1 1247

SxIp° tTa, tRe Ras64B" " on the 3™ chromosome

Anhydrotetracycline Conc.’ Female Male
pg/ml

0.05 0 1114

0.1 0 1120

1 0 1130

5 0 1148

20 0 1128

Sxlp® tTa, tRe Msl-2"°™ on the X chromosome

Anhydrotetracycline Conc.’ Female Male
pg/ml

0.05 0 1331

0.1 0 1431

1 0 1309

5 0 1359

20 1 1362

Sxlp° tTa, tRe Msl-2VP on the 3™ chromosome
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5 0 1457 20 8 1499 Hsp26 tTa,
01/ 39599 PCT/ GB00/ 04541 Anhydrotetracycline Conc.'

tRe Msl-1 Mpu on the 2 chronmpbsone 55 WO
Fermal e Male g/ m

0. 05

0 1449 woO /859911 1 0 1397 5 0 1430 20 2 1428 Yp3 t TarCt/BBotAs6UB 2 on
the 2" chronosone Anhydrotetracycline Conc.

0.1
chro
1358

12962 1 LN

1204 AV~ %o )

Femal e Mal e

+ T~

oy HRArORGHFRG Ut

TBE Gnge |
1 0 13545 0 1344

chronpsone

2N fal 1909007

L Z0% \v) LZIT |PQ
cline E%ﬂﬁﬂeFenale
20 1 1312 Yp3 tTa,

+
tTa, ¢

I Re Msl-2 p on the 2

Re—s+—HvPr—o
e gl Malg 05 0 13

g/m 0.05 0 1339

n the X
16 0.1 0

0.05 0 1582
0.1 0 1499
1 0 1474
5 0 1619
20 5 1533

SxIp® tTa, tRe Msl-1M" on the X chromosome

Anhydrotetracycline Conc.’ Female Male
pg/ml
0.05 0 707
0.1 0 1457
1 0 1437
5 0 773
20 5 1447

Hsp26 tTa, tRe Msl-2Y°P" on the 2™ chromosome

Anhydrotetracycline Conc.’ Female Male
pg/ml

0.05 0 1492

0.1 0 1426

1 0 1418

5 0 1457

20 8 1499

Hsp26 tTa, tRe Msl-1"* on the 2™ chromosome
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Concl usi ons These data show that non-anti biotic anal ogues of tetracycline
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g/m Fenmale Ml e
X chronosone Tetracycline Conc.
989 Sxl pe tTa,

g/m Fenal e Ml e
t Re Ras64Bv on the 3r chronosone 57

ne Conc.

etracyclH
0.1 pdgFaitReRG64B" 5 on tigrd™ chyomnsora, t Re Ras64B on t he
0.1 6 1065 1 9 1124 5 7

Anhydrotetracycline Conc.’ Female Male
pg/ml

0.05 0 1339

0.1 0 1263

1 0 1265

5 0 1284

20 0 1297

Yp3 tTa, tRe Msl-1"" on the X chromosome

Anhydrotetracycline Conc. Female Male
pg/ml
0.05 0 1316
0.1 0 1358
1 0 1354
5 0 1344
20 1 1312
Yp3 tTa, tRe Msl-22" on the 2" chromosome
Conclusions

These data show that non-antibiotic analogues of tetracycline analogues can be used in place of

tetracycline. In the case of epioxytetracycline, slightly higher concentrations are required to
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WO 01/ 39599 PCT/ GB00O/ 04541 Tetracycline Conc. g/m Fenmale Male 0.1 6 695
1 8816 5 8 785 Sxlpe tTa, tRe Msl-2Np on the X chronosone Tetracycline
Conc. g/wiodEsasve Male 0.1 2 973 1 9 985 5 5 983 Sxl pedriGBootoRe:1

Msl - 2NQpu on the 3r chronbsonme Tetracycline Conc. g/m Fermale Male 0.1 8
840 1 5 927 5 8 837 Sx|.pe tTa, tRe Nsl-1Md: on the .X.chr 0 .

Tetr acyEPFRREEB AP A NEfhet B et Bion Wals0Grdi S SLNBIETS ifgoent, 7
t Re Mol g@hiRetPRyEIRR, AGHHL TRSREBI (Rt 3A¥Gvet8ndpRationy, N1 Female Male 0.1 6
628 1 3 614 g 5 712 Hsp26 tTa, tRe Msl-1Mpu on the 2 chronpsone 58 WD
01/ 39599 PCT/ GB00/ 04541 Tetracycline Conc. g/m Female Mle

EXAMPLES EFFECT OF TEMPERATURE

All the preceding experiments were performed at 25°C, the standard temperature for Drosophila
culture. However, the insects in the wild would clearly be exposed to varying temperatures, so
we investigated the extent to which the efficiency of the system is affected by temperature. As
with the recombinant chromosome experiments, 40-45 young virgin females and 20-25 young
males raised at 25°C upon food with the indicated tetracycline supplement were allowed to
mate, then transferred to normal (tetracycline-free) food after 3-4 days. These flies were
transferred to fresh vials of normal food every day. The numbers of male and female progeny

emerging as adults in each vial were recorded. These experiments were performed at either 18°C

or 29°C.
18°C
Tetracycline Conc. pg/ml Female Male
0.1 8 982
1 10 912
5 7 871
Sxlp® tTa, tRe Ras64B" ' on the X chromosome
Tetracycline Conc. pg/ml Female Male
0.1 6 1065
1 9 1124
5 7 989

Sxlp® tTa, tRe Ras64B""? on the 3™ chromosome
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0.1 8 1152
Tetracycl i ne Conc.

112 1122 5 3 1225 Yp3 tTa, tRe Msl-2 pu on the 2" chronosone
g/m Fermale Male 0.1 5 1303 1 14 1218 5 7 1386 Yp3

t Ta, tRewkll133599U on the X chronpsonme Tetracycline Conc.pcg/Giooeswal e Mal e
0.1 2M11$39‘mll fn1213 5 0“105531!3? E;I'?,ﬂ tBeﬂRas§4Bv 12 ogqtﬂhe 2" chronosone
Ta, || SRRSO OREITTe] X o oMEHE. 50 V) 01/ 39508 WET) CBool Gba1
Tet r agyctime oy gg/ Tt femate Matg 00 L O 78 I O 7485 5 0 741 |Sxl pe tTa,
t Re Ras64Bv on t e 3r chr pnosone etracycline Conc. g/m Fenmle (Male 0.1
0 682 1 8 816
5 8 785
SxlIp® tTa, tRe Msl-2""" on the X chromosome
Tetracycline Conc. nug/ml Female Male
0.1 2 973
1 9 985
5 5 983
SxIp® tTa, tRe Msl-2""" on the 3" chromosome
Tetracycline Conc. pg/ml Female Male
0.1 8 840
1 5 927
5 8 837
SxIp® tTa, tRe Msl-1""™ on the X chromosome
Tetracycline Conc. pg/ml Female Male
0.1 8 832
1 7 879
5 4 818
Hsp26 tTa, tRe Msl-2Y°" on the 2™ chromosome
Tetracycline Conc. pg/ml Female Male
0.1 6 628
1 3 614
5 5 712

Hsp26 tTa, tRe Msl-1M™ on the 2™ chromosome
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10804 50648 Sxlpe tTa, tRe Ml -2NOpu on the X chronosone Tetracycline
Conc. gg/m Fermale Male 0.1 0 732 1 0 771 5 0 816 Sxlpe tTa, tRe

Msl - IMpuworn1t3b®9X chronosone Tetracycline Conc. g/ m FerraiTeGBMloas410. 1 O
749 1 0 737 5 0 718 Sxlpe tTa, tRe Ml -2NOp, on the 3r chronposone
Tetragyrtine Cong. _gu/int—fFemateMd e 01606061 0 Gb8§—5 0713 Hsp26
tTa, { RETASVEIeRong il b chr onoe@S 60 WO D1/ 39599 "/ GROO/ 04541
Tetragycline Conc. g/mi Female Maleg0. 1T U 733 1 U 7/§15» U 728 Hsp26 tTa,
tRe Msl -1 Mou on the 2" chronpsone Tetracycline Conc. g/m_ Fenulle Mal e

0.1 0j765 1 0 702 5 0 7yY3 12 1122
5 3 1225
Yp3 tTa, tRe Msl-2"°" on the 2™ chromosome

Tetracycline Conc. pg/ml Female Male
0.1 5 1303

1 14 1218

5 7 1386

Yp3 tTa, tRe Msl-1M" on the X chromosome

Tetracycline Conc. pg/ml Female Male
0.1 2 1190

1 4 1213

5 0 1058

Yp3 tTa, tRe Ras64B" 2 on the 2" chromosome

29°C
Tetracycline Conc. pg/ml Female Male
0.1 0 716
1 0 711
5 0 715

Sxlp® tTa, tRe Ras64B " '* on the X chromosome
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Yp3 tTa,
Male 0.1 0 799 1 0 749 5 0 744 Yp3 tTa,
chr onosowe oispssacycl i ne Conc. g/m Femal e Mal e

tRe Msl -2NOpu on the 2 chronosone Tetracycline Conc. pg/m Fenal e
tRe Msl- 1 Mou on the X
0.1 0 71&cTiGEno3311 5 0 757

Yp3 tTa, tRe Ra564B 2 on the 2" chrormsorre Concl usi ons At | ow tenperature
t hereri E€aKil | S5 bt ||| vet—of—<4 vtesStapetrs. Al |
ver si ()ngetra&?"éh”gﬁqnénlé%}“ ffectiv 9C Th| s is inp i‘?amt as mdny of the
nost Tportant gtarget spefies for ontr0| arle" Tropi cajgq@nd are grown in
cultufe at around 28C, e.f. Ceratitis capitatja, Anophel es ganbi ag, Aedes
aegypfi. 61 WO 91/39599 PCT/ GBBOO 04541 EXAVHLE 6: Thergxanple ilflustrates
matermpal transmssion of fc and TC-repressiblle lethality using a enbryo
speci {ic pronoté&r. Mat erials and I\/EQ hods Pl asm' d cons'i‘ﬁucti on A [bnk
pr onot-er £ Fagirent i 1719 f+ed—from pl astd p\MZ 8kb
bnk rescue fragrrent (%g]ﬂ? A]'E S%SWC%%@% b"ﬁ%‘j OMEe| | 75, 373-385)
usi ng ol i gonucleotide prinmers 5 -GCCGAGCTCTTGACGGTTGAAGTACGAATG 3" and
5' - CGECCATTCATATGCGTATATTCACTATG 3" . This fragnent was digested with and
subcl pne¢raagclmeSamk. pothol | f r agnenfemait o pUHDL5- 1 ( GosMaale and Buj drd,
(1992}, Proc Nat!

0.1 0 682

1 0 804

5 0 648

SxIp® tTa, tRe Msl-2"°"" on the X chromosome

Tetracycline Conc. pg/ml Female Male
0.1 0 732
1 0 771
5 0 816
SxlIp® tTa, tRe Msl-1"""" on the X chromosome
Tetracycline Conc. pg/ml Female Male
0.1 0 749
1 0 737
5 0 718

Sxlp°® tTa, tRe Msl-2"°"" on the 3 chromosome

Tetracycline Conc. pg/ml Female Male
0.1 0 696
1 0 658
5 0 711

Hsp26 tTa, tRe Msl-2V"" on the 2™ chromosome

60



Acad Sci U S A 89, 5547-51). AXhol-Hpal fragnment containing bnk-tTa was
subcloned from this into pWB (Klenenz et al., (1987), Nucl. Acids Res. 15,
3947-59)wdigsstsed with Xhol and Hpal to create pP {bnk- tPCa}GBMOFS4R- 2
(Bello et aI , (1998), Devel oprrent 125, 2193- 2202) was nodi fied by the

addi tifo WO bUIlp nefmtary—o1 cteottdes

(5 - AATTEEEN e s 3GAATTCAF§?€?G 3 anfl Male
5' - [CCCAGATCTEAT TCCATATEAGCCATGGTHEEC-3 ) beTween Thes£CORT and| Not |
sites |to providé a consensus translation starf{ sequence (Kozak, ([1987),

Nucl eijlc Acids Rgs 15, 8125-48). A oDNA contalning the7shtire cod{ng region
of a rosophila honmologuelof Nippl (Van Eynde et al — (1995) J Biol Chem
270, 48068- 74) |5n pNB40 (Brovvn and P(af at os, 1988), J728vb|. Biol| 203,

425- 4\..:; was——sotat-ed Ah LTII71), Brotecn. 22
481- 486) based on a paﬁﬁpggt &M@obt%ﬁlg& b“;}%%\mb%%nenybrl d screen for
Drosophil a PPlc- binding proteins (Al phey et al., (1997), J. Cell Biol.

138, 395-409). The entire coding region and 3'UTR was cl oned between the
Ndel gndefdadyclitd Cesc. pf/miW T. P- 2, nbendleed as above, to Makate pP {tRe-N pp
| Dm} 62 WD 01/39599 PCT/ GBOO 04541 Drgosophila culture Flies were reared
on stgndard yea&i/cornmeal/agar foofl with a yeast concédtrati on of 45-50

gl - 1. —Fe=econtarnngfoodrwas nade o the—same—recipe w4 the—additi on of
tetragycline hydr ochloride (Sigma-Aldrich) seolution tzf)% he appropriate
final [concentrafion. H stgchem stryy Enbryoni ¢ progeny7$4yom bnk-tTA/
tRe-1acZ crosses were colllected at 12h intervals and then stained for
(3-gal act osi dase as des&’pBb’éa:l,tRnl\Asi#ﬂ'i‘EPt"rmarthel“i@%)nosdmbd Spring Harbor, NY:
Cold Spring Harbor Laboratory Press. Results Mternal transm ssion of
tetracycline A mass-reared insect strain honbzygous for a dom nant | et hal

gene dr T T have rogeny ynenm matgg,0 W d ipsects. In
this reéﬂ%ﬁ% 1ﬁeé¥§cn§@r¥f action oraﬁ?ﬁg | et hal [gene is af
799
1 0 749
5 0 744

Yp3 tTa, tRe Msl-1"""* on the X chromosome

Tetracycline Conc. pg/ml Female Male
0.1 0 718
1 0 753
5 0 757

Yp3 tTa, tRe Ras64B"'? on the 2" chromosome

Conclusions

At low temperature there is a slight leakiness, but only at a level of <1% escapers. All versions
are extremely effective at 29°C. This is important as many of the most important target species
for control are tropical and are grown in culture at around 28°C, e.g. Ceratitis capitata,

Anopheles gambiae, Aedes aegypti.
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irrel evant. However, for the nass-reared insects to be useful as a control
agent we consider that the tine of action of the dom nant |ethal may be
hi ghly iwoantsasmw. A | ethal phase in adulthood may kill @CTatBdomasti reduce
the fitness of the released adults prior to mating. This would clearly be
counter-productive. Many agricultural pests damage crops through the
feedin RES r 1arval  stages. It would therefore be desirable to kill
the progeny as early as possible, preferably as enbryos. However, enbryos
do not feed and so will not take up a dietary repressor (tetracycline) of
the | efThalkxgapletiiictsies metemblismsmissivbrof Gs aad & Catepressibiedetiehity usingannost

macr onol ecul es,. so exogenous tetracycline will not penetrate. In view of

t he ad¥ §Cife PEomO hbryoni ¢ | ethal phase, we tested whet her
tetracycline ingested by a femal e Drosophila could pass into her eggs and
hence her progeny at sufficient concentration to suppress the phenotype of
a Tc-r dpatassds mdMgeods W used a strain of Drosophila in which femal es, but
not nmales, require Tc for viability. Female-specific lethality is due to

t he exmmaqgng{pu&l&pm c gene (Ras64BV12, (Matsuo et al. (1997),
Devel opment 124, Z6/1-80) in the fat body of female | arvae and adults

( Thomad ek promoter (RGOGNY ofSpperimazly?2 kipwasiamplifyd franghsigd ph '2.8kbbakn on

the t oR RN EREneR P LT S0 1 Felab &t oS RS R R oo

that ifyifferd ngested by a femal e Drosophila could pass into her eggs and 63
WO 01/ 39599 PCT/ GBOO 04541 hence her progeny, it mght be possible to | oad
t he egdsGACGAGUTIQIT @ACGHIT TLOAAETAGHAATG-3" amd | ow survi val of the progeny

cunnl omhiaiCont LA Cogal R PCATIA R IR FoBiea e et i 8% vt
Pr opor il as GSIERI ©.xREORERerk FADbEHD1S- VAGdses! Btk BEURL #1900} 196c Nues and

ot her pronoter-killer gene ombi nations with simlar résul'ts (data not
shown) Acwé Sciodd Ad€dS 347as 1)| Xholp’dw&ftalgmebycq‘rmmmg dnk-dT4 sas bubclamed grom

cxpr os RGO PN mep ity 0 SBpAEL AN 15 61T T90 ARER5S Lo 1 0

be expn ?Rﬂc LA mphl a enbryos, the huge mpjority are also expressed
| ater. r exrarr‘f)PP t he wel | -known devel opmental genes involved in |aying

down the basic body plan of the enbryo are re-used later to pattern the

append%g'eﬁp_grzgeﬁoh gt cil.rj?fg&ingviefo%?nent 125, 2193-2202) was modified by the addition of
two complementary oligonucleotides
(5’-AATTGCCACCATGGCTCATATGGAATTCAGATCTG-3’ and
5’-GGCCGCAGATCTGATTCCATATGAGCCATGGTGGGC-3") between the EcoRI and
Notl sites to provide a consensus translation start sequence (Kozak, (1987), Nucleic Acids Res
15, 8125-48). A cDNA containing the entire coding regién of a Drosophila homologue of
Nippl (Van Eynde et al., (1995), ] Biol Chem 270, 28068-74) in pNB40 (Brown and Kafatos,
(1988), J. Mol. Biol. 203, 425-437) was isolated using the method of (Alphey, (1997), BioTech.
22, 481-486) based on a partial sequence obtained by a two-hybrid screen for Drosophila PP1c-
binding proteins (Alphey et al., (1997), J. Cell Biol. 138, 395-409). The entire coding region
and 3’UTR was cloned between the Ndel and Not sites of W.T.P-2, modified as above, to create
pP{tRe-Nipp1Dm}.
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that will formadult structures. For nmany other enbryonic genes the
possibility of |later expression has not been rigorously investigated.
bottl enewlo (i3osdp i s one of a relatively small nunber of pgav@Boorogpiart edl y
expressed exclusively in embryos. bnk is required for actin filanent

reorgan{ sation d ring the cellularisation of the Drosophila enbryo between
nuclea2h8¥@ﬂgg£¥§—g%nd 14 (Schejter and Weschaus, (1993), Cell 75,

373- 38%)jes Wi rEir@dI' 8 staRdlartl Seddt/BS @R caPdgal kb wikiey ?éa%t SHc¥ntttRMoTYS 503 .
cycles 11 to . W constructed stable transfornmed lines of flies carrying
the t T&cm@ammegﬂnondg’vafsrrmf@ ta tlaresantelrecipowithdhe @ﬁdltaprmﬂéemwnbmealnydrcp@Wt

The abi it nk-tTa tq activat nscrip ion in the enbryo and at

ot her é%%%‘bﬁgﬁ@ hg’togdgglev\ﬂ’?roﬂ?&fﬁ ﬁ?ﬁé‘&flcﬁg} I9%g a t Ta-responsi ve
reporter constructs, tRe-lacZ (Bello et al., (1998), Devel opnent 125,

2193-2202). W found that tTa protein was expressed in the enbryo and that
it coulltdswchapistrexpr essi on of the reporter construct. tTa-dependent

transcrjptional acti atl essed b Tc. to a s i fic DNA
e quenaby R Pt Yo the 1 & R s erarnt cpleds alan s fadsBifi ang
this pg r ngg NePRE to
repressﬁ¥§%g§ﬁ%%Qggﬁgdgﬁﬁgggg?%ﬁhg?%ﬁg}h%: SJQSQO(ﬁﬁ??%Hﬁ?ﬁgEpareﬁ?g f ood
wi t h TSpeaing Blartse &dborgtoiyBresstbr yos ont o nedi a suppl enented w th Tc.

Ef fective repression of the reporter genes was achi eved by placing the
parents on media containing 1 g/m Tc for at |east two days prior to

enbryo ol gection. Seeding enbryos onto media containing Tc did not appear
to affect reporter gene expression. These data suggest that Tc can enter

t he egg throaqh t he nntﬁﬁy durun% oogenesi s and can affect tTa-nediated
transc devel opnment, but Tc cannot diffuse into
enbryog fh@Mehig insStiiealildin O LOusVdt & Bomiifat REI géﬂecbr g@f}et}elay%{rﬁsﬁﬂ%ve

PCT/ GB00/ 04541 A "killer gené™ active in enbryos In order to construct a
mat er nab pfagedy pad erateddo rwﬂthmsedtsetlhalhls geshedtitlees tope peagtionef thoksthatigdreiies
carrying .stable inserf{i of bnk-tTa to flies. carrying insertions o

© o o SastBA. FloPocs, tog A TuEesSFIES SSHAP SHSw! EArorFE R evAPTaPC et

at | at efe Hhagfsction o@a{gwﬁ%ametmrﬁaﬁbélﬁgm@ lﬁgorﬁrﬁm BhaPSRdst irfadiflood
non-sex-specific tTa lines (Thonas et al , Science 287, 2474-2476).

To our nsayrkill bs &, leastrindycsthe ditnass nfjthomleasta aéuddi mﬁexmﬁngvTﬁlsmM vledtlyt o
adult h%e counter-productive. Many agricultural pests damage crops through the feeding of their larval

stages. It would therefore be desirable to kill the progeny as early as possible, preferably as
embryos. However, embryos do not feed and so will not take up a dietary repressor
(tetracycline) of the lethal genetic system. Insect embryos are also impermeable to most
macromolecules, so exogenous tetracycline will not penetrate. In view of the advantages of an
embryonic lethal phase, we tested whether tetracycline ingested by a female Drosophila could
pass into her eggs and hence her progeny at sufficient concentration to suppress the phenotype of

a Tc-repressible gene.

We used a strain of Drosophila in which females, but not males, require Tc for viability.
Female-specific lethality is due to the expression of a toxic gene (Ras64B"'?, (Matsuo e al.,
(1997), Development 124, 2671-80) in the fat body of female larvae and adults (Thomas ef al.,
(2000), Science 287, 2474-2476). Growing this strain on food supplemented with 0.1 pg/ml Tc
is sufficient to suppress expression of the toxic gene, allowing both males and females to

survive. We reasoned that if Tc ingested by a female Drosophila could pass into her eggs and
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I rrespective of parental or zygotic exposure to Tc (Table 2 and data not
shown). In view of the enbryonic reporter gene expression above we

concl udedattavssexpr essi on of Ras64Bv12 is not toxic, or paarGBufoissi ently
toxic, during the period when bnk-tTa is active to cause enbryonic

| et h | t AS t opi.c _F 4BV1 tl t I d
the. corfalea SR eT R R LHET b Posierle B Reg the.chat PRI pisieh Sabstabfiie T he.
cont r ola)gly suR8val\e tl@}ﬁ%%eﬂy%v@§ 8n MeaR! 1R Kng Rc.DnRsRBR At alleimb ?Qreﬁfs to feed

mammal i an NI PP-1, a nuclear inhibitor of protein phosphatase type 1
( Beul | ensoed sumallemer(tch@ﬁbl Tcat 5@ pg/nCoehgh2diéd td 6is38rviGh 44 a sival pEypodeonesf
al ., (1995 Bi ol 28068- 74) S sevezqﬂgadvantages as a

"ki |l erfery é’rogeﬁy(ﬁ?@ébs‘w&ﬁ?“‘ﬁ ﬁe¥§ral‘,‘§P?rylir}?|§ EE%BE%EE’@HE%e Er&Pons of
bnk-t Tau fhhid gﬁgng\hﬂa s&nﬂ\ﬁ @suﬂg?&%§ SR RE PwRlBRLIuddd thesSit fse;%sﬁ rﬁglg%&ling

suppl enente diced Vi able F1 progeny; those on

suppl enEbinald Pd tbhnff@ducd ledoughtTo( ihediee pﬁjgenftcr fepessrifaedepEddenti periewapresgion.not
af fected by the presence or absence of Tc in the nmedia on which the F1
were raised. W have therefore constructed an efficient dom nant | ethal

geneti em.r.enr | arental dietary Tc. Table 1. H gh doses of
mat ern iy oSsBel it ¢ %Qio A1k progeny. Tc Day | Day 2 Day 3 Day 4 Day 5
Day 6 [@fithg niaay géndsdwoWnbaye a:ﬂ)rEByd il DBRaypAita drabdbs, thomge Igdjaﬂitye[ﬂe 41s®3 0
119 0 112 0 141 0 100 O 126 0 89 0O 1050 133 0 93 0 131 0 121 1363 Q0 1

117 0 F3Brepseddateny Hoyexampleythg wighknpwingevglogmeptal genes imyplysdgn WWVG’ 860 0

o 30 487G Pady PR ph ety dg St atlaty bl Ry s Ppctisfesid Ind gt sk 150
1366 O thak QA1 3% AddlBanRtkaS For hihyQtikd5mbrybiit gbnwmeq)oeﬁbmtmlateﬂm 0 94 0

115 0 1407 Q0 500 136 2 88 0 113 0 113 0 87 0 94 0 109 0 141 0 144 Q 123 O
104 0 ExRressianhas not begrpngaroysly mvestipatedy portlsnaaki(bpk)gs one ebaretatiygl ycfnmls 0 105

1o7 0 TP dosnfs sty pppSiyeeyisydy ity Pl etalnd b, o

strai n resreRiygedsiufiap tikatnfrisdtionrodsies®rdsopkild ¢rabso dbtvwaeh hudlpd-dydkds agd

tRe- Rasagg ?X ](Szchejter and Wieschaus, (1993), Cell 75, 373-385). Its transcript is present at high
levels only from nuclear cycles 11 to 14. We constructed stable transformed lines of flies
carrying the tTa open reading frame under the control of a bnk promoter fragment. The ability
of bnk-tTa to activate transcription in the embryo and at other developmental stages was
monitored by using a tTa-responsive reporter constructs, tRe-lacZ (Bello ef al., (1998),

Development 125, 2193-2202). We found that tTa protein was expressed in the embryo and that

it could direct expression of the reporter construct.

tTa-dependent transcriptional activation is repressed by Tc. tTa binds to a specific DNA
sequence, the tetracycline responsive element (tRe). Tc binds to tTa and this prevents the tTa
protein binding to DNA. We therefore attempted to repress reporter gene expression either by
supplementing the parents’ food with Tc or by seeding the embryos onto media supplemented
with Tc. Effective repression of the reporter genes was achieved by placing the parents on media
containing 1 pg/ml Tc for at least two days prior to embryo collection. Seeding embryos onto
media containing Tc did not appear to affect reporter gene expression. These data suggest that
Tc can enter the egg through the mother during oogenesis and can affect tTa-mediated
transcription at early stages of development, but Tc cannot diffuse into embryos from the

substrate onto which they are laid.
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was tested for the effect of parental dietary Tc. 40-45 young femal es and
20-25 young nmales raised at 25C upon food with the indicated tetracycline
suppl emrewo asp®9al | oned to nate, then transferred to nomealGB00/04541
(tetracycline-free) food after 3-4 days. These flies were transferred to
fresh vials of normal food every day for 12 days, and then renoved on the
13th day. Al the vials were incubated at 25C while the progeny devel oped.
The totﬁl‘kmg%@ﬂeg Rtiva®l @mggﬂfemal e progeny energing as adults were
record 0 emal € progeny clearly depends on the Tc

concentln atdeoto amstwinit @matermak T@dcmdslt\demanaleﬁ@di gengtig systemhwe Icmsgtdhﬂm tine
bet ween rem)va of the S om Tc .nedi a .and G2 abl e

To 1 epralEngrRolcdpTe Tt RoRAGE i ENEr DAL aatprLo GRS EE r OREprRvifis
Mal es Kapmdsgad sf?(SWn thhetRe- Rﬁ%ﬂﬁ'\’m{s ﬂoxm&atgr Qaé&sln E8mBBatidn Q/ltﬁ% d‘f’m es

honozygous for bnk-tTa were mated with fenmal es honbzygous for eit
t Re- Radéfile kpecihic amd?&aoqupﬁpmﬁcmeheesf(lfhwawné (2008 Scomcergdy, dW&’&@KV@g Tc,

but before mat i .n pl aced n food co i var i us c ncentrations of
Tc. Théy? QUESHPES Sﬁ’ Sd?aw it Bé‘n(gﬂzetﬁf@ goo Uy 0od and then the

par ent
R A P NS b e L

bot h S@NﬂﬁyonhLﬁepomﬁegemsﬁﬁ‘&si@ aboes m@bnclmxiresmfkﬁs@BXNSFWTl ON

VECTOR Thi s exa alls t he constr iop .of a vector suitahle

t r ansf SPHELITERL IE)‘PB E’élcaﬁur“b%é]ﬁ ?#E’gﬁ'f s TRgS PRLV to(cALse ?I}l% system
of theipygotion. 66 WO 01/39599 PCT/ GBOO 04541 The purpose of this

modul ar vector is to allow the rapid creation of a transformation construct

suitable for a given species. In thls exanple, the intention is to create a

dom nant repressible, lethal. This achi eved by inser a suitable
pr onot ¥ GoHRPeE R §Bc102r?§P?rGEttly laeh%ﬁnlerypwg toxicifyun Fﬁ\‘?scPB lﬁﬁogmfeta%ﬁl&gt& we

SRe P AR VL SpTNES TURADG LR IREE Rl
pr onot éonfokss dfhﬁarﬂmshz[relsﬁPP 1, a nuclear inhibitor of protein phosphatase type 1 (Beullens et
al., (1992), J. Biol.Chem. 267, 16538-16544; Van Eynde et al., (1995), J Biol Chem 270,
28068-74). NIPP1 has several advantages as a “killer gene” in this system. Flies carrying
homozygous insertions of bnk-tTa or tRe-Nippl were crossed to each other. Flies fed on media
supplemented with Tc produced viable F; progeny; those on media not supplemented with Tc
did not (Table 2). Furthermore, F, survival was not affected by the presence or absence of Tc in

the media on which the F; were raised. We have therefore constructed an efficient dominant

lethal genetic system repressible by parental dietary Tc.

Table 1. High doses of maternal Tc can suppress tTa in progeny.

Tc Dayl Day2 Day3 Day4 Day5 Day6 Day7 Day8 Day9 Dayl0 Dayll Dayl2 Total
conc.

hml 20 3932323223239 323223823883%2 3 9
0.1 93 0 119 0 112 0 141 O 100 O 126 0 89 O 105 O 133 0 93 O 131 O 121 0 1363 O
1 117 0 135 0 122 0 121 0 127 0 101 O 136 0 90 O 119 0 94 0 98 0 100 O 1360 0
5 112 0 116 0 128 0 111 0 136 0 113 0 130 0 119 0 96 0O 88 0 144 0 91 0O 1384 0
20 8 0 107 0 107 0 98 0 88 O 102 O 107 O 135 0 126 0 143 0 123 0 141 0 1366 O
100 129 0 136 0 128 0 127 0O 135 0 144 0 107 0 9 0 92 0 104 0 94 0O 115 0 1407 0O
500 136 2 88 O 113 0 113 0 8 0 94 O 109 0 141 0 144 0 123 0 104 0 124 0 1376 2
1000 107 13 140 5 110 0 141 0 98 O 129 0 88 0 138 0 105 O 124 0 115 0 114 O 1409 18
2000 119 32 102 15 107 12 109 9 109 8 140 2 127 0 114 0 123 0 132 0 115 0 107 O 1404 78
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specificity (e.g. female-specific) in the target species. This is not,
however, necessary and indeed in the exanple bel ow we have used a nodified
actin gewe qr3osmter fromthe silk noth Bonmbyx nori, w trdiaBGonusnti on of
using it in pink bollwrm a pest of cotton. PiggyBac as been used
successfully to transforma w de range of insects, including D ptera,

Col eoptera and Lepidoptera, but it is not nece r , -nor w4 |

Act 5C- E%SFmeBé‘om‘?éyg%‘ﬁtf‘i’rrﬁﬁﬁ‘?ftdrcélﬁ%l%ﬁoﬁﬁtlpﬁf-’ﬁ“%‘@’t"% kpiﬁg @%Raﬁ% ol asi d
has be or 4

tRe-Ni p S%Qﬂé foggljtij %tfe%?gs} ag%}ghfc* nké% 5@ Lgén qu tf%lnglg%&?ﬁr(ﬁ &&mg((:u%it@ f ng
restri thsanatezﬂ@r@sn(fbmwltnﬂﬁ ihdicat& dtrabytine Aaleretittvdpé 8lloaniongats,ithe) t o
facilitate subcloni nzt these elements into a new transformation vector.

Si ni | artrapsfened & nermal @eirapygling fee) foedafial 3k danse d hese tigs wars transfeated fto&eshat or
inserted .5 .of t r o] f s from
f I anki néalts: ﬂ?%?{g{ai ﬁooraﬁlg &’a&glr {2 4 (rga%élgbren{ O% @Rgh\lfe%?%(rﬁl si‘llslgtg)evvl‘ﬁglE

Fi gur e vere adbab@BEIN S \ﬁﬁﬂ‘e e deﬁﬁhﬁkﬁveloﬁeaa THO BRI R@erd JamslBand F@adé ng
frame and SV40 pol yA signal, Trom pUHD15-1 neo (CGossen and Bujard,
1992) gsogenyRmeBzinglhs aqnlns@m fecowisd. ngerswaé df femate meenymi@arlycdmendsamdha

oligo ir inserted destroyed bot.h the es .an ted an As

i t o Tk congGhip on RO SRBEFRRLera e B T F4 OB BESWRED SRV
anot herof@mcs&eern@%mﬁéﬁlreaﬁ%dteggla?;ﬂg nker+ 5'-gcggccge ac gggecc a ctcgag
cac aagctt c ggtacc ac gaattc a 3'linker 5 -agct gaattc gt ggtacc g
aagctt gtg ctcgag a gggccc gt gcggccgc-3' to create pUHD 15Asc3'

| i nker#42. t Re- N ppl Dm conprises: tRe vector WT.P-2 fromBruno Bello
(Bel | 0 Pip1ab. Te-+dfible IOURIYARTIBNAD brydpEifi?fromeredi fied by insertion
of oligo pair "Kozak Spe +/-" between y 01/ 39599 PCT/ GBOO 04541 EcoRI
and Notl| site to give pWP- KozakSppc ;ghlng pI’OVI des Mgesensus transhfdson
start sequence. Kozak Spe+/-: 5'- gccaccat ggaattcactagtgc-3' 3

- CgQt ggtaccttaagtgatecacgeegs—o

bnk-tTa x tRe-NipplDm 0 0 0
0.1 60 58
1.0 78 82

Males homozygous for bnk-tTa were mated with females homozygous for either tRe-Ras64B""?

or tRe-Nipp1Dm. These flies were raised on media lacking Tc, but before mating were placed
on food containing various concentrations of Tc. They were allowed to lay embryos on this food
for 9 days, and then the parents were removed. Their adult progeny of each sex were counted.

In combination with bnk-tTa, tRe-Nipp1Dm gives Tc-repressible lethality of both sexes, but
tRe-Ras64B"'? does not.

EXAMPLE 7: MODULAR TRANSFORMATION VECTOR

This example details the construction of a vector suitable for transformation to produce an

organism containing the lethal genetic system of the invention.
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Ni pp! Dm cDNA in pNB40 (Brown and Kafatos, (1988), J. Ml . Biol. 203,
425-437) nodified to have EcoRl site at start codon, then subcloned as
EcoRI - { ewdrailsbsd Notl} into pWP- KozakSpe cut with EcoRIPCarEBStouisl

t Re- Ni ppl Dm hsp70 pol yA fragrrent exci sed as parti al  Xhol -H ndl Il and

bel ongd D 15 Xhol - and Hi nd
ot Tat maiciirs R RERET by BLATo. 5 onlt itatOighe £ Rins Tzl bt
appe nd%qltathlb RS SV er¥eciBYmARiseRAbley the ﬁ@t@ﬁtﬁ&ﬁis Ry crddte aqangﬁmﬁ%régsm

genom ¢ DNA using this sequence. piggyBac and plasm d vector are derived

f r om p3&hal2-This tselcl(llbmdob}emsmmah sulta(oi@m@motqrnme tiNg constiieta theBoising iStoA 95
7520- 5) fr Whi te ne i nsert.ed .as

ot T RERHOT e BEES Fcigpar nepran b i cen e Tt Plasel SRS Boved by
di gest PR Mt fRohIBly the At Bi8&dt hd kA a0 ebubthatthe 9%611‘1&@?%%& gssired ction
sites vector ‘'sequences (outside piggyBac) was renoved by di gestlagg W th
EcoRl apdclfiallty (e grﬁezinetlﬂspacn@c)amdnertergetm@blasl?éhlngs ncg; hnwrg'epsﬁgefssary |. This

pl asm d en di h Bglll tl an o nsetedto
P usardied if BererBlediiEy Medtavp e mrsioes soin bene drorgols fobht s1EREIH 00 .
QCQQCC%J&Z% nPE W 8CHe AIchthldrAdRas it pifCl ARRGET §tpest%f'c9@&?.t c tct tccgga
cgccggeg aca ccgcgcgg tct caaatttg tca ggacgtcc ctag-5" the resulting

plasmd is pPB-1inker2#93. The Act5C EGFP transformati on marker was added
by subcl.oni a 4. 2kb Xhal - ECQRV _fra nt fro Act 5C-
CLaSportipiaf ReshciSed eyl o Mo RHB RS o angh oF RIS miTRGns ThaPer ve

pPB- Act I t Chung et
A ﬁ Gafff e ngtﬁ%%"ﬁ%r“%%ﬁé°&¥?§lﬂ$"%pe seé%f%”%éﬂ%%ﬁﬁ%%%@

recir c Wipamus trgnsfdjmmltlerrmaekdrhm §75:17) casepT)het mlasmltdﬁen besrciaistmgctedhsuchi$dat dharer (2

)p;t %’atz E@ﬂ;‘p Plg?nl;tgp 5& t@a Eff@qﬂ?e%i‘l ppljap %SIP#MD F?’ﬁgkqé AR eiﬁgtf?fﬁfér ase
and Kp ’ngidf r@stnctl\l%]é yﬂgggvaéfmmﬂe%ma 1 4s80mtdt gfl:' dibdink @1t£b' ts@ao@mtlét ReNi pp

| HS4# 1 599 PCT/ (BOO 04541 The apoB inSul dtor was added by
changi rsgbélbringieise sietrenfintapaiss/ M&Rfc(rmnnm ueadr. limjlarly, ]a@t@ﬂi)anvwbisuﬁmri Bi ol

18, 23829 from St ephan iyt th I
Spel - A[?QP ) @%%a?lnl\lalatorlilnse?tecﬁ? of tﬁg hen pron(qaotgr Itog groté%t agains

position effects from flanking chromatin.

The general arrangement of the vector is shown in Figure 1, and elements are as follows:

tTa comprises: tTa open reading frame and SV40 polyA signal, both from pUHD15-1neo
(Gossen and Bujard, 1992) as EcoRI-BamHI. pUHD15-1 was digested with Xhol and EcoRI
and a oligo pair inserted which destroyed both these sites and created an Ascl site. This plasmid
(pUHD15Asc) was digested with Hpal and BamHI and another oligo pair inserted:

tTa 3’linker+

5’-gcggeege ac gggeec a ctcgag cac aagett ¢ ggtace ac gaatte-3°

tTa 3’linker-

5’-agct gaattc gt ggtacc g aagctt gtg ctcgag a gggecee gt geggeege-3’

to create pUHD15Asc3’linker#42.

tRe-Nipp1Dm comprises: tRe vector W.T.P-2 from Bruno Bello (Bello ef al., (1998),
Development 125, 2193-2202) modified by insertion of oligo pair “Kozak Spe +/-* between
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The apoB insul ator was then subcloned as a 0.8kb Apal-Notl fragnent into
Apal - Not| digested ptTatReNipp | HS4# | 01. An Ascl-Notl fragnent from

pt Tat ReNwopl14$8b#101 was subcl oned i nto pPB- Act 5CEG-P#181 paTuGRfioes4pRI DL#204
Exanpl es of inserting a pronoter: 1) A BmA3 pronoter fragnent of

appr oxi I 90bp was a 1.fied PCR fro JP88 John, Pel oqui n

(ol o EARERIANGT SPorticmy S PRIk oSbe BT b oo a3 SoRss o PHIBPA S Hum Pt x

pol ynergqsl%rll_ég__i fe Technol ogi es) and the oligos: BmA3 5': 5

" aaacARTTCTGATAGCGTGOGCGTTAG- 3' BmA3 3' Asc-2: 5'- ggt aggcgegec
TGCCGARCERK A TCCATigccaBtatggraticde@Rtgerfduct was di gested with Ascl and
subcl oned into_Ascl -Pnel digested pRI,DL#204 to give pRI DL-BmMA3 2) An Aedes
aegypti Vgl prérfﬁg%ggtf‘?cé@ﬁ@gi‘t,cacﬁf’%r usly used by us to give

femal e-specific expression in the yellow fever nosquito Aedes aegypti,
using Platinum Pfx polynerase (Life Technol ogies) and the oligos: Aedes

vg5'  addpp ldanatcDMEC aanNB4Q (Bigivg anddidatos, B8R3N MygaBpd.g2ifc 425-437) modified
t caagt at ccggcagctgttc This, PCR praqduct wa | gest ] Ascl subcl oned
| nt o AdR TaReo Rl dp iﬂ@m&%a&e@nﬁ@ ?@EC% nﬂﬁﬂa&%ﬁ} EYOWY BT/ 39599

ZQkAS%%]cut 5%h BLeR1 L g@g”?g@??gm-ﬂépﬁ gﬁf%@ﬁ%ﬁél?t@&ged 4% FPfdi nat i on

with the tetO repeats would e plant” mnrmal pronoter. For
| ong- t edhiol-Flimdiill ant yuledloeedintegsidN 1 § Asc8’ lakat#d 3 pueivith Moy abd Hiral[Hitogival

pronoter not subject to gene silencjng. The _propoter driving t expressi on
woul d PSRAtReMiIPY I/ - 2T complele Bradicied Se@!lﬁl.cwﬁ@n% agnetot apepdsd. NippIBh

tapet UR§R ?‘rﬂyftje(\rezﬁff@rpgééairéﬁqb}; RTP Y 8t BER from genomic DNA using this sequence.

piggyBac and plasmid vector are derived from p3E1.2-white (Handler et al., (1998), Proc Natl

Acad Sci U S A 95, 7520-5) from Al Handler. The medfly white gene, originally inserted as a

Notl fragment into the Hpal site of piggyBac, using linkers, was removed by digestion with Notl

and recircularising. A set of extraneous restriction sites vector sequences (outside piggyBac)

was removed by digesting with EcoRI and Sall, end-filling and recircularising, giving p3E1ARI-

Sal. This plasmid was then digested with Bglll and NotI and an oligo pair inserted to add useful

restriction sites:

piggy linker 2+/-: 5’-ggcc ctcgag aga aggect geggeege tgt ggegegee aga gtttaaac agt cetgeagg-3’
3’-gagctc tct tccgga cgeeggeg aca ccgegegg tet caaatttg tca ggacgtee ctag-5°

the resulting plasmid is pPB-linker2#93.

The Act5C-EGFP transformation marker was added by subcloning as a 4.2kb Xhol-EcoRV
fragment from ActSC-EGFP in pP{CaSpeR} (Jean-Marc Reichhart) into XholI-Stul cut pPB-
linker2 to give pPB-ActSCEGFP#181.

The HS4 insulator was added by cutting pJC13-1 (Chung et al., (1993), Cell 74, 505-14) from
Gafy Felsenfeld with BamHI and recircularising, to remove the neo reporter, then excising an
HS4 dimer (2 x 1.2kb = 2.4 kb total) as {endfilled Sall}-Kpnl and subcloning into
ptTatReNipp1#77 incubated sequentially with HindIII, Klenow DNA polymerase and Kpnl (i.e.
Kpnl cohesive end — endfilled HindIlI) to give ptTatReNipp1HS4#101.
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designed to elimnate pollen production in the absence of the repressor.
The predicted sequence of tRe-Nippl. (Xhol-H ndlll) nt 1-543 derived from
W T. P. - 2wOBal3b®9et al ., (1988), Devel opnent 125:2193), ofrCmGrie/0154309
contains 7 repeats of the tet operator sequence (tetO, followed by 98 nt
of P elenent transposase core pronoter, from Carnegie 4, -52/+51 relative
to transcription start, linked by a Smal -Pstl linker (synthetic

ol i gonggt Ge6B Hpsul R ECEARY Hy%h%ﬁ@né a@@ﬁd §£%Ud{fﬁ?633 MARS(E%Q‘ICEII gmiCaSpeR- hs
(Thummel and Pirrotta, (1991, Dros. up to the EcoRl Site of
its po(}ﬂ9|8)1I«M01 CéthBioh 823821 ifrom Stspmaemq Nenjciurto dypal wsing Hetdligo Spel-Apal:

ol i gon tid consensus translation start and sone
restrig Io‘gpasli @Egﬁdﬁfg{?&ﬁfog@é@ t he coding region of Drosophila Nipp | and
3" UTRrh q&i X@ulaﬁﬁ%@rﬂ?&l JubQBhalas PRI Aphedot Rldmih IB{BBA I(ﬁ&t?&@es”l&ﬂ

Kaf at os . Biol. 203:425) up to the Notl e, which has
been epdfaiRéNmil&&d#l@lloned into an Stul site. The Stul SI te and subsequent
sequence is fromWT.P-2 and is derived from CaSpeR-hs, it is principally
trailer (3 UTR) sequence from hsp70 fl anked by some restriction sites.
CTCGAGRL AP EIohEAG+6 mﬁéﬁGFP#lsl
AGT GATAGAGAAAAGT GT CGAI TTACCA CCCTATCAGTGATAGA

CGAGT TTAGICARRUNIGARCAGT GATAGAGAAAAGT GAAAGT CGAGT TTAGGAGT CCCT ATCAG
TGATAGAGAAAAGT GAAAGT CGAGT TTACCACT CCCTATCAGT GATAGAGAAAAGT GAAAGT CG
AGTTTACCACTCCCTATCAGT GATAGAGAAAAGT GAAAGT CGAGCT CGGTACGCTTACCGAAGT

ATACA %@FEAW{&J T GAGAGGAAAGGTTGTGTGCGGACGAATTTTTT
TTTGAXEX GCAGTAAAGT GCAAGT TAAAGT GAATCAATTAAAAGTA
CCAGCANRMART pAATHCRATEERRACTIAPPOAMATIEAOUBA GAAGTALTFADY BARTRGAAIPSS
W%@AUGWMT A e
AGCTACHRER @r’%@ %%%é@ﬁ*mﬁ%
AAAAGATGCTATCTATTTGGTCGCAACAG
TM%@W@%TWC&UWTTGTUAC

CACAAGBACCT CAACATAGCCTACCT CGT GGAT CTGGGGT CCACTCATGGCACCTTTATTGGAA
CACT CAGAT TGGAAGCGCACAAGCOOCACACAGCT GCAGATTAATAGCACCT TCCACT TTGGGGEC
TTCTACECERSASTACAT AT A AcEAGTIM S QBOCACCACAGCAACAT CATGGAAGAC
CTGCOGR AT GAAACCAGOGAT GGOGCT CTCCT GRECCT GOCOGAAAGCCAAACGGAGCT TG

5°- ggtaggcgegee TGGCGACCGGTGGATCCGAATG -3°
This PCR product was digested with Ascl and subcloned into Ascl-Pmel digested pRIDL#204 to
give pRIDL-BmA*

2) An Aedes aegypti Vgl promoter fragment, previously used by us to give female-specific
expression in the yellow fever mosquito Aedes aegypti, using Platinum Pfx polymerase (Life
Technologies) and the oligos:

Aedes vg5’

aaac gaattcaccaccaggcagtg

Aedes vg3’Ascl

ggaggegegcec tcaagtatceggeagcetgttc

This PCR product was digested with Ascl and subcloned into Ascl-Pmel digested pRIDL#204 to
give pRIDL-A.a.Vgl
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ATAATCTTACAGAATACAACACGGCCCACAAT CGECGECATCTCAATGCTGEGCATCGATGATGA
TACCAATATGCGAAAGCAAAACGCCT TGAAACAGGEGACGECGECACT CGAAATGTCACATTTAAC
GATGAGGAEAI EIFRAT CAAT CCT GAGGAT GTGGAT CCTAAT GT GGGACGCT TCAR#HGBIEAIdS41
TACAAACCACT GT' GGT GCCCGCCAAGAGGEGECT CCCTGCGACGT CAACCATATGEGCATCCATTC

G AR e R AC RN R AN B R R e 270 wo

01/ 3efe { @Q@fa ofhbter. For lon -term stability of expression this would preferably be
ATTCCCTATATCAA! ACCGGCCGAAAT GCA GACCTAGAGCCCATCTCCCC

w@mmm@mmmmmrrer T o wu _ETIdoToEACT croestaGrould

R L P S R Tl

W@%ﬁ% 1P NEBEMECE T [GTAATTGCGTATT
AA TAATTAAGATT ACGATTTTCTCAAGCATATGAT TGACAACACACTCTGGAG
TAATATTTGTTTATTAGACTTTTAACGTAAAAC

AA. AAACGAAT GCTGCGGECCCCTAAT TCCAGCT GAGCGCCGGT CGCTACCATTACCAGT TGGTCT
CGT FHOQPeER T ReACTAARBDGAHAGACTAITAMGIIN T GT TCATCAATGGGT TATAACA
TATGEGI TATATTATAAGT TTGI TTTAAGT TTTTGAGACTGATAAGAATGT TTCGATCGAATAT
TCCAT AGAAdanTahfrac R TR iBalrrAcEA A 83 O PrrgtomuetA 2ARART GTof Abreir =B 09

e Ot e e ey Tl

TGAESrE@Ehofee sl AARRGR AT TIAATTT ATl E@6sar st Hphdiévart, TTKkEEAT b ISdI(stT linker
GAACGGATTTTCGTAGACCCTTTCGATCTCATAATGCECTCATTTTATTGCGAT GGACGGT CAGG

AGAGETERA P spmcBotAT SHEFERASZYETRttoadasrquenes afpipd O dravn febreRohs | nsect
C.On ﬁ)umm 1:1 irrot ??mgeb]f‘o%l (I\‘?'ecvlvse?(:)%g%g zhe gcoiﬂ % F its cgolg%kne? r %ﬁg équ a

J

I ca Pveneas ofc Pnse prograns
l nclswiioﬁgs &éﬁvearﬁbmarsymualcfcﬂfgaﬁu@éoudalaaa ‘prdvidesla@o@gtus @inslativactast ar r yi ng
a dom nant lethal' - used here to indicate the organi smand nethod of the

some restriction sites, followed by the coding region of Drosophila Nippl and 3’ UTR to polyA
sequence from an unpublished cDNA in pNB40 (Brown and Kafatos, (1988), J. Mol. Biol. 203:425,)
up to the Notl site, which has been end-filled and cloned into an Stul site. The Stul site and
subsequent sequence is from W.T.P-2 and is derived from CaSpeR-hs, it is principally trailer (3’
UTR) sequence from hsp70 flanked by some restriction sites.

CTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATC
AGTGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGT
CGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGTTTAGGAGTCCCTATCAG
TGATAGAGAAAAGTGAAAGTCGAGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCG
AGTTTACCACTCCCTATCAGTGATAGAGAAAAGTGAAAGTCGAGCTCGGTACGCTTACCGAAGT
ATACACTTAAATTCAGTGCACGTTTGCTTGTTGAGAGGAAAGGTTGTGTGCGGACGAATTTTTT
TTTGAAAACATTAACCCTTACGGGCTGCAGTAAAGTGCAAGTTAAAGTGAATCAATTAAAAGTA
ACCAGCAACCAAGTAAATCAACTGCAACTACTGAAATCTGCCAAGAAGTAATTATTGAATACAA
GAAGAGAACTCTGAATAGGGAATTGGGAATTGCCACCATGGCTCATATGGAATTCATGGCTAAC
AGCTACGACATACCCAGTTGGGCTGGAAAACCGCCCACTGGCTTACATCTGGATGTGCTAAAGG
ACGACAAACTAGTACAAAAACTGATGGTGGATGAAAAAAGATGCTATCTATTTGGTCGCAACAG
TCAAATGAACGACTTCTGCATAGACCATGCCTCTTGTTCGCGGGTCCACTCGGCGTTTGTCTAC
CACAAGCACCTCAACATAGCCTACCTCGTGGATCTGGGGTCCACTCATGGCACCTTTATTGGAA
CACTCAGATTGGAAGCGCACAAGCCCACACAGCTGCAGATTAATAGCACCTTCCACTTTGGGGC
TTCTACCCGGAACTACATACTCAGGGAACGACCCTCTGGCCACCACAGCAACATCATGGAAGAC
CTGCCGCTCAGTGAAACCAGCGATGGCGCTCTCCTGGGCCTGCCCGAAAGCCAAACGGAGCTTG
ATAATCTTACAGAATACAACACGGCCCACAATCGGCGCATCTCAATGCTGGGCATCGATGATGA
TACCAATATGCGAAAGCAAAACGCCTTGAAACAGGGACGGCGCACTCGAAATGTCACATTTAAC
GATGAGGAGATTGTCATCAATCCTGAGGATGTGGATCCTAATGTGGGACGCTTCAGGAACTTGG
TACAAACCACTGTGGTGCCCGCCAAGAGGGCTCGCTGCGACGTCAACCATATGGGCATCCATTC
GGGCAACAGCAGTTTGTCCAGTGCCAATGCCGCACATGTACACCAAATGTTCCAGCAGAGCCTA
GTTGACATGAAGCAGCAGCATAGGGAAATGCCTCCGCCCAATGCGGTGCTCCACTCGCCTACTA
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present invention), and nmentioned that enhanced systens could al so be
considered, including released nmales being honbzygous for dom nant fenale
| et hal s WkL39p9at nul tiple unlinked loci and |inking of rehyeBDH4SEID a
neiotic drive/segregation distortion system (Thomas et al., 2000, Sci ence

287 Zﬁ%%c é%ﬁ%AT %8 Tﬂ%EGE%E%A%REGbK&%&EAREGEQ% %c%ﬂ%ﬁ@ﬁ@%%
2 §A‘f’fe clunel el cgr‘& chﬁfc".[‘:c:ss“”e
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R S il Ve,
%géaﬁgé T%A E%c€%§3§ TSCIens. b%&%ﬁ&? Cloahanin,

' J
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II’_GT‘

Ff{rﬁleg E S SfTrf?: ! %ﬁ%& TIT%A AG ?Sd
m -
'tg:c kt§; c ; ' %E CQ‘% ATTAC .ﬁ ts
1 ' t
as wel FAZECRIT T AT ' 0T LIGRT a¥?e
we wil Fc%ﬁépﬁépp’ég f el I
but th ﬁ‘éﬁé‘\@%&éﬁ AT 6 2allrat %{T: g T N
| i
den3| t%éﬁgg BPEHP‘G gégTAMA tAT@ggﬁGGFé :[F@T i ﬁgﬁ I Gé;{ %rct | e
mal e pPBAGESATRS TFSHAPACEE E ﬁgCTc AR CCH TR % Bpor S to
adul t hﬁ@ﬁGWQFéAETAf*g SP%‘HFC FTCGACCTRLAEEEEATET Twher e o; is the number of

of fspring surviving to the point at which density dependence acts (Maynard
Smth and Slatkin, 1973 Ecol ogy 54, 384-391), and a and b are paraneters.
Rogers and Randol ph (1984 Insect Sci. Applic. 5, 419-23) consider such a

densi ty-de n with an SIT program and show t hat the
effectﬁ’f@ﬁ’i‘gg‘é fM‘HéfSS? ‘I‘“iﬁ%@?'& r‘ll s largely deternined by the natural
resilience of the target insect popul ation, characterized by the paraneter

b (Rogers and Randol ph, 1984 |nsect Sci. Appl ic. 5, 419-23). An inportant
consi dMeaheod:n is the timng of the density dependent nortality, in

FAGETENE L S LA R AN
achi eveectiveness of insect control programs including SIT and various forms of ‘RIDL’ ( = ‘release
of insects carrying a dominant lethal’ - used here to indicate the organism and method of the
present invention), and mentioned that enhanced systems could also be considered, including
released males being homozygous for dominant female lethals (DFLs) at multiple unlinked loci
and linking of the DFL to a meiotic drive/segregation distortion system (Thomas et al., 2000,
Science 287, 2474-2476). We consider here the impact of these and other system enhancements

on the effectiveness of insect control.

In general, we assume that all control programs release a constant number of males per pest
generation (see below). This number (“input”) is given relative to the initial male pest

population. The model considers discrete generations.

Females are assumed to select mates proportionately to their abundance and fitness such that a
female will choose a mate of type i with probability p;, such that:

pi=niri/(S;n; 1)
where n; is the number of male insects of type 1 and r; is the fitness of type i relative to wild type

males taken to have a fitness of 1. The type of insect may depend on its genotype as well as its
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before or after the density-dependent nechanismacts. In the absence of
control, such a population will remain constant if at its carrying
capaci t w@e1/39599/ Ro) and will tend to return to that | er€l/GBho/Est urbed.
This woul d be an appropriate nodel for an established popul ation. This

ot hoaborsBitRrzt pgritalfFle SFLodRiof Sl e RlbaRid AIRLER eaf@Bi g

met hodS™ suc ree c e stable IeveF of

t he poput tBir Biale ﬂr@%@h@[ réighidest BEgé&otypehavefige saprifithedsia@wildelypé mdRst 0 t he
stable level. In the density-independent case, we assune that each fenale
mating with a fertile male produces Ro female offspring all of which
survive. to adul t hood in the t generation.  This IS essentli he limt
of ¢ he Neermurisr (ot e, AR B Rerclt i S7E FEMB A 1" e
there fgnfsaRANhE Mith¥ BRIICSLAR frydetep Rp&endle BEEFralg L ¥f whidh e gropdifidgs; i n t he
absence of control, if Rois_ greater than 1, the population will expand
ex ponesurivielty adufthiogd wigreds: isegiven Bippr opri ate nodel for a new i ntroduction
or outbreak of a pest species, or _a g@&glﬁ@ﬁ'}]on recovering froma severe

|

depletion, e.g. due to a short i nflen trol programre designed to

reduceyhBR JIWHEhSmBEr Jfivgfspling ABYIvHAG IRSpdIAT RfwHich EentitPPle¥ndSict ap0gr amme.
72 WD 01/39599 PCT/ GEEOO’ 02%4% Forlvexarrplﬁezl,) for a very s?hrrplﬁial systemw th no

densi t (Magpeh8mitband Riatlagui? 73t EroRogyrid, 33d-BAuandof andib Breqrazanidtersnidgsss at

Pt SRREBaC (REE JRECa Bl vy 3y 2R oS egmucf A B Rt iysh©
femal e%r-ith'%h'SSI'(F) 'ﬂ%ﬂﬁﬂ?ﬁﬁﬁn@%&v@ gtam}ﬁckffe;ediaénkmftt@e $1MeproBrai R!lark ngﬂeféngined

popul ati on, his is 1.0 by definition and the initial w e mal e
popul aby the riagurslgeslieics of theGtargst imsect pepulateony pharaatenwsddartheiparameisn b 4RO gats

whi ch 1]y .h . nunh f d females, the.ipitial
popul arsbRauo a4 fded Ssagppicos. i othbes ESarpREe S eranoR s gt 1 5
steril g .MRh&s &e?)e AemoBli§Nin FarfiQFAWhdthe thé FBSs&PmARK ¥rd Wl eafedefdrBeF €

are females i'n the initial "population (iii) 60%of females mate with
st eri | efterahedensiy deendénttineeh2niSmmatsesd weethcanthe RIDdrindeyedandrtal gy cdisbeved

of f apr PRG . 3 g eRotpgTepe gt PsrEnien it R AEFom T SRR HlFes) | They
al so pposiSfon WilGeRBIntooRbhRIAT b carrying capacity (s; = 1/Ro) and will tend to return to
that level if perturbed. This would be an appropriate model for an established population. This
does not necessarily mean that no control has been attempted — control methods such as
breeding site elimination will reduce the stable level of the population, rather than the size of the

population relative to the stable level.

In the density-independent case, we assume that each female mating with a fertile male produces
R, female offspring all of which survive to adulthood in the next generation. This is essentially
the limit of the density dependent case — in which the population is so small that there is
essentially no density-dependent mortality and s; ~ 1. Thus, in the absence of control, if Ry is
greater than 1, the population will expand exponentially. This would be an appropriate model
for a new introduction or outbreak of a pest species, or a population recovering from a severe
depletion, e.g. due to a short intensive control programme designed to reduce the numbers of the

target species prior to a RIDL or SIT programme.
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(iv) Thus the second generation consists equally of wld type nales and
females (0.8 of each). (v) An input of 1.5 sterile males is nmade. (vi) 65%
of fenmalw® amv®owith sterile males (since of the 2.3 nal eCT/@EM0a54e
sterile) and produce no offspring. 35%of fenmales mate with wild type

mal es t0 prod 0.56 female offsprin 0.56= Ro * (0.35%0. enal e

Tat | ng SATERSRPETo 3 ARLS evs ey i he Berhy SRsrlonees Ko R tof T MBS of g
SO 0N UNE isferitd¥RalR@Mtash boitratfonCiHe iRl §8uld wibrk ih theeRABwhRASRatMRr:COMpar e t he
ef fectiveness of various versions of the RIDL systemwith that of SIT. For

SIT we consider an optimal case with perfect sex-separation, and 100%

sterili S itself ectlv cont r.ol rreho we
al so co¢g| dgthqlﬁgl4 B\)/%ﬁat\'/% @Hs’ﬁﬁe@q“ﬁ@p‘{ﬁ“ﬁH%ﬂe Sd‘n 3(}81 tﬁ?:%‘fe getlf ?ﬂpt he
absence of w&e@bun@melme&a% ihf¥al fevad &djﬁlléf%sécpﬂh% is 9fo ¥y} ddfintigh, much
nore effective, and there are many situations in which RIDL can control a

pest popul atdndrthevingtiad v8ldTtypamalst popihgier isieteilso d6. riance wik areioniyoconsidoning
some additional 73 WO, 01/ 3959 CT/ GB 04541 %Bgvant es of . Rl DLl for
exanpl e t he Rppalptigns which normellyhavs saval fymbres of ndfemals, thaitdles  (see

vect or of [agog)ofhmggtlsalmyg@@qﬁﬁ{esg\@xmégre that all control prograns
rel ease a constant nunber of ndles per pest * generation. This nunber

("i nput() i sAginpahof kb aterembles ushaadenlvvﬂucrhl is fraday Ipetmepepuiany inales adiere
potential RIDL strate i nv | ves the rel ease of a m xed-sex population, in
t he knowl edgaéef%eS‘B C 0 \RAOP'F WA killed by the lethal effect of a

Sex- SPeGihyf | %d%%h?&na@@sﬂﬁ&th Qwﬁlys?érﬁgh?a‘ies?ém@e 62h€Y 5 rﬁﬁw%o%‘aﬂersﬁanhé)faﬁd cycle,

e.g. pri or to sexual maturity. he instance where t'hese individuals can
i nduce densi prydwbepmrtd&pnngmw/abf femaiers rmdnewnthcmltbtp'pc ifalesgo pfdduged.8JSefaleand

7a) we assune_t hat eq er of females are released in addition to
the mal es. 19EPaRe (T gy o o Bl e BYg Pt K ﬁyeegtaif‘gi Ehercis BindtaRer

trat [ dual t d d t state th I d
strat egy |nsql\§| ﬁw@%_lylg uals are stored in a dormant state then rel ease

si mul t aneou a larger rel ease than woul d
(iv)  Thus the second generation consists equally of wild type males and females (0.8 of

each).

(v) An input of 1.5 sterile males is made.

(vi)  65% of females mate with sterile males (since of the 2.3 males, 65% are sterile) and
produce no offspring. 35% of females mate with wild type males to produce 0.56 female
offspring (0.56= Ry * (0.35*0.8) females mating with wild type males). They also
produce 0.56 male offspring.

and so on until the population is eliminated.

SIT

In each case we compare the effectiveness of various versions of the RIDL system with that of
SIT. For SIT we consider an optimal case with perfect sex-separation, and 100% sterility. Such
SIT is itself a highly effective control method, and we also consider the level which the
population would have achieved in the absence of any control, but we show that various versions
of RIDL are much more effective, and there are many situations in which RIDL can control a

pest population where SIT cannot. These models do not take into account some additional
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ot herwi se be the case. For exanple, enbryos of many nosquito species can be
stored for nonths in relatively dry conditions with little | oss of

vi abi | i woQ ot/spspo hat chi ng and | arval devel opnent i nducedrei/GBbyo4sy1 pl aci ng
themin an aqueous environnent. One mgj or advantage of this approach is

that a nmss-rear.l facility could continue to erate durj the winter,
whi l e RNEEEQURIPhs B cxmmple heergpisrchs & TrPARfedns Retamiad ver thediss
steriIqﬁ&g%%ﬁgnganbnﬁnspring, a much larger release could then be used,
enpl oying the stored enbryos from several generations. Here, we nodel the

consequences of storing two generations-worth of factory output and using
this tqud?uble the size of the first two rel ease generations (Figure 8).
Though ) ability to store enbryos is not specific to RIDL, an SIT

progr aniygyenétl We BRI that aneeetrbioprogamis rélese a drfanatimtRr bomalek ptiefest
devel opmental stage in order to sterilize themby irradiation. Since

f act or ygeneration.nghispagber (“Rme) is gixen refasivavathednitial mplegiesepapuiagion. Oxe| j kel y

to be the |in,ti factor . th otent.ial. o RI r.oqr € se at
any 11 oieyal RIGE Sea B iy e B Bl SRy A RFed Bdhir
have nogiRtseehes be kARIIENE RtHia effed VAR k@0spesificNethal %n@% SysSdnfi af ge et d
confer on a conventional SIT programe. Each of the plots in Figure 8 are

based awiatrin &adifé eyclgpleat prig totsexual mabirdy s Inzthe instaneg sderathessandividaalscap
generat.i gns.. Ta c are W th.conventional .Sl T...wthout C doubl.e-si zed
el enoendisg sane fiTBans il PG etk Ry e B B R SRt s e
der i vedkquthWd D bt BH298% RETAIGRRN 4Rt tbeidmklephase and use of a

mul ti - phase |l ethal system (MPLS) If the requirenent is sinply to kill al

progeny, or all progeny of one sex, then the |ethal phase is not
i mportapt. .k ver, we, consider, that there are several .advantages to
engi nee er?é’ﬁgt\%? Jrdcasg B%?:I}ygffjs cydle piags slpwsang eéﬁtﬁ%f’gyplﬁlé’g 9‘?1»]5@ Vl‘glﬁ%s B&fore

the devghRRiERtsimast 8GR Bitn WasHl JiMaItISEaY Sallodifs 4 Bir83$8dascWart WENd MY
| ose fitness or die once the repressor has been wthdrawn, e.g. follow ng

r el eas eoth&miseymrthe ciset Wat exammasurbeyostafmanyandsgriveepasiesicgebe stottdrfaye cr ops
25 moSqUPRBLE TSR drbapAtees ALY fedessgbpr ifairt e U ERRE R DU s
cl ear | yg&kkiobhed! intifkddREmpRYS PcifBMYmGhH @R aRRDuS envifsiingent.t Ohé rrfa{& aMP4rALeOUS
| arvae that cause the econom c damage. Enbryo-specific |ethali al | ows
t he | asdf thisdppioggestthatrysassaearag fgehtrauldgontioube apseate dutmng the svdnten oiiileg
ther eptElg: ?asrgert 'insects are in diapause and hence insensitive to a sterile release. In the spring, a much

larger release could then be used, employing the stored embryos from several generations. Here,

we model the consequences of storing two generations-worth of factory output and using this to

double the size of the first two release generations (Figure 8). Though the ability to store

embryos is not specific to RIDL, an SIT programme would normally need to grow these

embryos up to a later developmental stage in order to sterilize them by irradiation. Since factory

rearing space, rather than the availability of embryos, is likely to be the limiting factor, the

potential of a RIDL programme to release at any life cycle stage is critical to this novel strategy.

In Figure 8 we have nonetheless considered the advantage such a release strategy would confer

on a conventional SIT programme. Each of the plots in Figure 8 are based on an earlier plot

with a double-sized release in the first two generations. To compare with conventional SIT

without such a double-sized release, compare these plots with the earlier figures from which

they are derived.
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reduci ng costs and any environnmental hazards associated with | arge
quantities of Tc. Enbryo- specific lethality (or other early lethality) can
al so be womhize®d with | ater sex-specific lethality, e.g.rdrecmio@4speci fic
lethality. We have denonstrated that this allows the construction of a

strain i I ch both sex-separati and s bhiczation” are automatic
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Fi r st | yfadowingredease. hEmbplosicniathakitylsasusenibiat niplasvaciemengf tatdemagasi@rser do not
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major advantages that are seen in the models below. Firstly of course the MPLS males have not
been irradiated, and so do not suffer the loss of fitness and longevity consequent upon
irradiation. Secondly, since the requirement is only that that the two (or more) lethal phases do
not overlap, not that one of them is specific to embryos, we could arrange that the first lethal
phase is after a density-dependent mortality phase in the wild population. For example, in the
case of mosquitoes, in order to prevent transmission of most mosquito-borne diseases (e.g.
malaria, dengue fever, yellow fever) it is only necessary to prevent the females taking their
second blood meal. Killing females as pupae, emerging adults or just following their first blood
meal is would therefore be suitable. The earlier non-sex-specific lethal phase only has to be
earlier than this, and could therefore be as late as early adulthood, for example. Alternatively, a
first lethal phase of late larval/pupal development would be possible. Promoters suitable for all
these stages are well-known — blood-meal inducible genes for killing post-blood meal, etc.

Using a lethal phase that first acts later than a density-dependent mortality phase in the wild
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The neiotic drive systemacts to enhance the effectiveness of the RI DL
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effective.

Released males being homozygous for DFLs on multiple chromosomes

Unlike SIT, the impact of a RIDL system can potentially be increased by increasing the copy
number of the system within the released individuals. We have considered the consequences of
releasing males homozygous for a dominant female-specific lethal at one, two or three unlinked
loci. We found that released males with multiple DFL chromosomes will more effectively

control the population size (Figure 3).

Reduced fitness

Figures 4 and 5 demonstrate the effects of reduced fitness on SIT and RIDL systems (with
meiotic drive and multiple chromosome systems). Obviously, reduced fitness in released males
decreases the effectiveness of these control systems. In Figures 4b and 5b we assume that RIDL
males have twice the competitive mating fitness of SIT males. This is a very conservative
estimate. Radiation reduces the competitive mating ability of the irradiated insects (by an

estimated two-fold in the case of medfly) and also reduces their longevity (by an estimated 2-5
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screwwormfly. An overall two-fold advantage for the non-irradi ated R DL
flies over their irradiated SIT equivalents is therefore a very

conser vawiovda/3ewi mate. We found that even this advant agedrscEsotonsirel y
signifi cant in ternms of the cost and effectiveness of a control program*re
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can be
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adults. An adult lethal phase for RIDL mlght be appropriate for malaria vectors, where the
females need only be killed within a week or so after their first blood meal to prevent
transmission of the disease. Alternatively, this scenario also models an earlier release and
density-dependent stage, which is available for RIDL, where the release population can be
released at any life cycle stage, but not for SIT where sex-separation (if used) and irradiation
have to be performed prior to release, restricting the range of life cycle stages that can be
released.
Scenario (b) is a very important and novel case. This represents a density-dependent mortality
that acts before RIDL-induced mortality. In the case of mosquitoes, competition between larvae
for resources is a likely stage for density-dependent effects. RIDL-induced mortality can safely
be later than this, as only the adult females transmit disease. Such mortality could be achieved
by using a late-acting promoter, such as that from the vitellogenin gene (for female-specific
mortality) in the vector of Example 7. This strategy is also possible using a multi-phase lethal
system (MPLS) in which the non-sex-specific lethal stage is later than the density-dependent
mortality. No equivalent strategy is available for SIT.
Scenario (c) represents release at a late life cycle stage, e.g. adults, and early RIDL-induced

lethality, e.g. as embryos. Density-dependent mortality lies between these. This might represent
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the control of an insect population, but it can also mean that the insect population cannot be
eliminated without a larger input of RIDL or SIT males. Similarly, increased meiotic drives can
act to improve a given system enough to eliminate an insect population that would not have been
eliminated with a meiotic drive of 50%. Furthermore, not all of the outcomes are intuitively
obvious. The possibility that SIT can actually lead to a higher stable population than would have
been the case in the absence of the control programme has been mentioned above. Additionally,
it is clear that under some circumstances the wild population may actually rise during the early
stages of the control programme and yet still be eradicated in the longer term. For example, in
Figure 2b with 70% meiotic drive, the population is higher than its initial level from generation

1 to generation 7, yet is still ultimately controlled.

Note that in several of the graphs the long dashed line shown in the key appears in the plot as a

continuous or segmented lines. It is nevertheless clear from the context which line is which.

In detail, the Figures are explained as follows:
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Figure 3: Multiple unlinked loci used in RIDL system. The bold black line is the SIT system in
each case. The RIDL system is plotted with grey lines.

a Rgis 1.5 and input is 0.5 (relative to the initial population). SIT maintains the population at a
constant level, whereas the RIDL systems quickly reduce the populations. If the population were
not subject to control, by generation 15 we would expect (1 .5)!°=438 times as many insects as

the initial population.

b Rpis 2.25 and input is 1 (relative to the initial population). The population is not controlled
by SIT or RIDL with 1 or 2 loci. By generation 15 they have 8000, 2200 and 34 times as many
insects as the initial population, respectively. If the population were not subject to control, by

generation 15 we would expect (2.25)1°=191751 times as many insects as the initial population.

The populations are quickly brought under control with a 3 locus RIDL system.
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The popul ations are qui ckly brought under control with a 3 locus RIDL
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populations are quickly brought under control with RIDL systems, despite the reduced fitness.

Figure5: Multiple unlinked loci used in RIDL system with decreased fitness. The bold black
line is the SIT system in each case. The RIDL system is plotted with grey lines.

a Rgis 1.5 and input is 0.5 (relative to the initial population). The fitness of SIT and released
RIDL insects is 80% of that of wild type insects. Subsequent generations are assumed to have
equal fitness to wild type insects regardless of their parentage The population is not controlled
by SIT or RIDL with 50 meiotic drive. By generation 15 they have 44 and 1.5 times as many
insects as the initial population, respectively. If the population were not subject to control, by
generation 15 we would expect (1.5)"°=438 times as many insects as the initial population. The

populations are quickly brought under control with multiple loci, despite the reduced fitness.
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RI DL-i nduced nortality and acts on newy released RIDL insects. SIT

mai ntains the population at a constant |level of 0.8 relative to the initial
popul at Fignre Gdemtis drive sRit@h. §9%t €068, Yo%, 3086 and 100e fpropuingleilashs. 1 t he
popul ati on were ot suhject to cqntrol, we woul d expect ul at i to
remai n 5B _@‘ﬂéflo {Aﬁ“ere?sﬁ’ 3% 52 éaerﬁltﬁ‘é%gﬂ‘k?nhséﬁ@ﬁ’d:ﬁqec%ﬁa pgﬂgﬁ@e E%F% St
before &th inRAEE 8te MHHE RIDE Yy&ibth iéjﬁl%&ed‘%th?ﬁéy 1@s R Yeasds@i=g asex] RZliHh. 5

i nsects.” The population is elimnated by SIT or RIDL with 50% or 60%

mei ot i canddnpwes 1 (tetayive ta@tiielinitial pdpalgtiopul ati on at the levels 1.2, 0.4 and

0.3, relative to the initial population, respectively. The popul ations are
qui ckly brought under control wth greater neiotic drive levels. If the

popul at} O%pﬁea'igctié},?hdéﬂ Bl ety RO RIDI WaaMRM I rflor@at e Gitd AdoPRRmlyaéleaRdt O

remai n st e initral” size. ¢ Density dependent nortality acts after
Rl DL- i nRIDIe thseas.tAT inhaintains tikopspulation ate canstaneldvgl off &8 eclating tRIBLIn{tIdect s.

Th lation is elipi d by SIT DL with 50% 60% or 70% mejoti
ar' vo. mesiaep e RIDE et Rl ing HRaiihs 1P Fep(Bitn HRiG &

relativg ttsﬁb'taﬂefo Cblgtll‘(SIE Ft WRRIRVESILQRe pbRiRRSth ¥ahYin sTibfe RN Inatdl o8, are.
qui ckly cI)rodg t under control wth greater neiotic drive levels, despite
the reduced fitness. |If the popul ation were not subject to control, we
b Density dependent mortality acts before RIDL-induced mortality but does not act on newly
released RIDL insects. The population is eliminated by SIT or RIDL with 50% or 60% meiotic
drive. They stabilize the population at the levels 1.2, 0.4 and 0.3, relative to the initial
population, respectively. The populations are quickly brought under control with greater meiotic

drive levels. If the population were not subject to control, we would expect the population to

remain stable at the initial size.

¢ Density dependent mortality acts after RIDL-induced mortality but does not act on newly
released RIDL insects. The population is eliminated by SIT or RIDL with 50%, 60% or 70%
meiotic drive. They stabilize the population at the levels 1.2, 0.75, 0.7 and 0.6, relative to the
initial population, respectively. The populations are quickly brought under control with greater
meiotic drive levels, despite the reduced fitness. If the population were not subject to control, we

would expect the population to remain stable at the initial size.
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woul d expect the population to remain stable at the initial size. 81 WO
01/ 39599 PCT/ GBOQO 04541 Figure 7: Multiple unlinked loci used in RI DL
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woul d expect t'he” popul atlon to remain stable at the initial size. Figure 8
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not subJ ect to control, we would expect the population to remain stable at the initial size.

| at er

¢ Density dependent mortality acts after RIDL-induced mortality but does not act on newly
released RIDL insects. The population is maintained at a constant level by SIT or RIDL with 1, 2
or 3 loci. They stabilize the population at the levels 1.2, 0.75, 0.63 and 0.5, relative to the initial
population, respectively. If the population were not subject to control, we would expect the

population to remain stable at the initial size.

Figure 8

The plots a-d are based on scenario of Figure 2, with the first two releases doubled in size.
(a) Ro=1.5, later input = 0.5 (b) Ro=2.25, later input = 1
(c) Ro=1.5, later input = 0.5 (d) Ro=2.25, later input = 1

The plots e-g are based on scenario of Figure 6, with the first two releases doubled in size.
(e) see Figure 6

(f) see Figure 6b

(g) see Figure 6¢
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82 WD 01/39599 PCT/ BOO' 04541 The plots h -j are based on scenari o of
Figure 7, with the first two rel eases doubled in size. (h) see Figure 7a
(i) see wioguresssb (j) see Figure 7c 83 WO 01/39599 PCT/ Ge@@w®m4u1 Cl ai ns
1. A non-human nulticellular organismcarrying a dom nant | ethal genetic
system the lethal effect of which is conditional, wherein the |ethal
effect of the lethal systemoccurs in the natural environnent of the

or gani sphe glotsAj 4 §8RIDN BEMHOLGf Fiur®7 Ok ith Melfirsti Bichsek ABubledd éizenal
dom nant l'ethal” genetic systemis the only reconbinant el enment present in
t he or ghhseerhiig@e 7an or gani sm according to claim1 or 2, wherein the
expressji.on qf thg | et hal genetic systemoccurs in the absence of a

subst a X?%ﬁﬁ%W@ig absent fromthe natural environnment of the organism 4.
An orgamy & ording to claim3, wherein the substance is a dietary
additiveé which 1s not a normal food conponent for the organism 5. An
organi sm according to claim4 wherein the dietary additive is an artificial
or synthetic conpound, an antibiotic, antibiotic anal ogue or derivati ve.
6. An organi smaccording to any preceding claim wherein the conditional

| et hal effect of the lethal systemis not dependent upon the tenperature
range which occurs in the natural environnment of the organism 7. An
organi sm according to any preceding claimwherein the |ethal effect of the
dom nant |ethal systemis conditionally suppressible. 8 An organism
according to claim7, wherein the suppressible expression systemis a
repressible by tetracycline or an anal ogue or derivative thereof. 9. An
organi sm according to any preceding claim wherein the lethal systemis
honbzygous
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at nore than one |ocus. 84 WO 01/39599 PCT/ GBOQO 04541 10. An organism
according to any preceding claim wherein the lethal systemis |ocated on
the X chwomusesm. 11. An organi smaccordi ng to any precedargGRioausmiwher ei n
the lethal systemhas nultiple essential targets. 12. An organism

accordi g}.to any preceding claim wherein the | ethal genetic system
conpris or part of the Drosophilia N ppl Dmn gene, or functional

equi val ent thereof. 13. An organismaccording to any preceding claim
wherein the organismis an insect. 14. An organi smaccording to claim 13,
wher ei nlL.t he ArrgmrhtmmnlmUbwlbdarwdgﬁmﬂm@ﬂwngadgmlmt letlmd:g@mpusaﬁemh@ep

Tapanesiethabgitea Br bblinF Prgidah gl RO b Gedtnd pebaipetihn the
spp. ), I%tﬁ{a}ééq\b}oaﬁ{gh{yfthg&g%{s&cant hus woglumi), Oriental fruit fly (Dacus

dorsalis ve frurt fly (Dacus oleae), tropical fruit fly (Dacus
cucurbi tae, Dacus zonatus), Mediterranean fruit fly (Ceratitis capitata),

Natal fruit fl Ceratit f t fl | et
Queens and 1 Aulereay socaied Sradtin Eoyisivin heSnabisbal AR Trhil ERAESL ) epha
Suspeniﬁ%ﬁ {TRRE b rédomlmtaeﬁémfre&mﬁuhwgmrﬂ Sol enopi s i nvicta),

Gypsy Lymantfia di spar) ling noth (Cydia pononella), Brown tail
noth (Euproctis chrysorrhoea), yellow fever nosquito (Aedes aegypti),

mal ari a. nosquitoes (Anophel es ganpi ae, Anophel es steh rid
screwno?'m ( COBRFSBHAMR ACCOHBRS I Q}%Phnt fC‘J’ @ ?ﬂgrﬂi“ﬁe’@é‘?sé qu(lét‘?ble‘i?ﬁgo
bezzi ang)s T, fthaa%%ma%bam,wﬁa{ Is ab¥&# o HARLICH QAPHSHAERREHR) -
Dansel Tly nal |l a ageni ), Dragonfly (Libellula luctuosa) and rice
st em boomganiérht ypor yza i ncertul as). 15. An organi sm according to any of

clainms 1-12, wherein the organismis a plant which produces pollen. 16. An
organi sm according to any of clains 1, 3-12 and 15, wherein the organismis

a plant, havi I i HiRbk it h
R AL ol o

not a normal food component for the organism.

5. An organism according to claim 4 wherein the dietary additive is an artificial or synthetic

compound, an antibiotic, antibiotic analogue or derivative.

6. An organism according to any preceding claim, wherein the conditional lethal effect of
the lethal system is not dependent upon the temperature range which occurs in the natural

environment of the organism.

7. An organism according to any preceding claim wherein the lethal effect of the dominant

lethal system is conditionally suppressible.

8. An organism according to claim 7, wherein the suppressible expression system is a

repressible by tetracycline or an analogue or derivative thereof.

9. An organism according to any preceding claim, wherein the lethal system is homozygous

at more than one locus.
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17. An organism according to any preceding claim wherein the |ethal
genetic systemis sex- specific or specific to a sexual entity or tissue.
18. An omgani/sgspaccording to claim 17, wherein the | ethal pefiGBot/04531
sex-specific or sex-entity specific at one stage of the life cycle of the

organi s g%ﬁ%rgaﬁg SEbdrifedb 2 78 LESLAGE witklein A RAPLRM RIGARA &9 O

cl ai ns e of n|sn1 0€S ’no

sex- spekd Kichrdm@dddade. geneti c system which is unconditional and is expressed
in every individual. 20. An organism according to any of clainms 17 - 19,
wherein the lethal effect is specifc to femal es or female tissue. 21. A

met hOd f bl o ﬁr%l cal ggf?rh{nglt? g;l(l: IR Sﬁe 1ng glam!l thgfe?ne 'erllahzg s?gtgﬁﬁlaginl‘?ﬁﬂgm S

accor dil permssive
dlstrlnghﬂgth@gmorganlsns into the enV|ronnent at a |locus for biological
control; and 1i1i) achieving biological control through expression of the

| et hal systen1|n offspring resulting frominterbreeding of the individuals

f th | | trol t with d f
Che w 18- pogtt aeraii oSt e Hebrbing St Wi Sl e P dBBe S oo o i m
21, m%bﬁipﬂs&%ﬂb {8 0rds6pM1i8 NipfAlin @bisd, o hitic@ehal 2guivAenethbrasf. of

bi ol ogi cal control according to claim 21, wherein one sex is distributed.
24. A method of biological control according to claim23, wherein there is

sex-separation rior to.or anisn1di tributign by .expression_ o

spoci 113 [edprendetdeta g presndin it St o By Spd af sl 37 20
86 WO 01/39599 PCT/ GBOQO 04541 25. A nmethod of biological control according
to any of clainms 21-24, wherein the lethal effect results in killing of

gr eat erl4t haM@%amﬂsnltaqeortimggetcla@nd,ezswwemiée praagisnyis 6¢lectad fragsthp grawped:

o AT Rl RSBt B B AR BTG o
of ~ or JARLETEP REELfPbAE) WhALYriRiA LRI NG e AbRaHBABP. ) FEIkls BRicky condi ti ons.
(Aleurocanthus woglumi), Oriental fruit fly (Dacus dorsalis), Olive fruit fly (Dacus oleae),
tropical fruit fly (Dacus cucurbitae, Dacus zonatus), Mediterranean fruit fly (Ceratitis capitata),

Natal fruit fly (Ceratitis rosa), Cherry fruit fly (Rhagoletis cerasi), Queensland fruit fly
(Bactrocera tryoni), Caribbean fruit fly (4nastrepha suspensa), imported fire ants (Solenopis
richteri, Solenopis invicta), Gypsy moth (Lymantria dispar), Codling moth (Cydia pomonella),
Brown tail moth (Euproctis chrysorrhoea), yellow fever mosquito (4edes aegypti), malaria
mosquitoes (Anopheles gambiae, Anopheles stephansi), New world screwworm (Cochliomyia
hominivorax), Old World Screwworm (Chrysomya bezziana), Tsetse fly (Glossina spp), Boll
weevil (Anthonomous grandis), Damsel fly (Enallagma hageni), Dragonfly (Libellula luctuosa)

and rice stem borer (Tryporyza incertulas).

15.  An organism according to any of claims 1-12, wherein the organism is a plant which

produces pollen.

16.  An organism according to any of claims 1, 3-12 and 15, wherein the organism is a plant

having a conditional lethal dominant system in combination with one or more transgenes.
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27. A nethod for the sex separation of organisns, wherein the expression of
a sex specific domnant conditional |ethal systemaccording to claim17 or
18 in awe@ogaspsmis used to kill one sex to | eave eit hereT/GBOpUMSE Or
predom nately male or femal e popul ation; a population in which organisns

conprisg either male or female tissues: or a population.in which organi sns
are unabl'e B Oﬁa&f&b%ccf’ﬁﬁ%% €O&Q§|pr?§§§glgém ‘é’ge%lrn tﬁ %#&i}% BEATHLS Ls}mglrlgg%xt h.
28. A peyifid G 8pdcifitetoseRueN GRS Wby a conditional domi nant |etha
genetic system according to any preceding claim 29. A polynucleotide

sequence according to claim 28, encoding the Ni ppl gene. 30. A vector or
vectors, conprising.a pol ynuc] eot.i dg, sequence or.di to claim 28 or..29.
30 A VEEC or A GEBRINEPE (& SH0T. SOREIT LGt e Bt el e Rl o
dom nangyebigich@bne ﬂg%!ﬁ?ffiﬁe FRNSEIO NS EMisA 2but AoV §fetFic ARaRGhEH et 0 Cl ai m 30

or 31, conprising east one insul ator sequence. 33. A vector according
to claim 32, wherein the insulator sequence is derived from vertebrate
DNA. 34 A vector according to an £, cl.ai 30 1o 33,. wherein the vector
compr i Sb moAlE GuiepIEnEREed O ARt PdbS eE e RO IR 35 A
met hod @fimineMsdek ¥6Edifid1cthaY 8&ieRt sPRRh Witk intaiditidaRAld RExprediindiry! et hal
genetic systemto an organism tconprising the steps of: i providing at

| east omdiveduadli tional |ethal genetic system ii choosing a pronoter
appropriate for expression of the systemin the desired organism i
ligating the pronoter and conditional lethal genetic system optionally
with otfigr  KATPORRM SocofEndloY R chith MEL 1 ONAer¥if BhOtetRYEAER iSspkbifc to
transformati on; erein transformation of the vector into the organi sm

pr oduc efematesar danals tsfuer  bi ol ogi cal control according to the invention.
36. A cell conprising a vector according to any of clains 30 - 34. 37. A
nmethod for the field testing of transgenic crops, conprising the step of

grow ngya tAqﬂag&pgmekgﬂﬁlagﬁg[Qgh@ggggponditional | et hal dom nant system
under pernissive conditlions, ’

1) breeding a stock of organisms according to any preceding claim under permissive
conditions;
i1) distributing the organisms into the environment at a locus for biological control; and

1i1) achieving biological control through expression of the lethal system in offspring
resulting from interbreeding of the individuals of the biological control agent with individuals of

the opposite sex of the wild population.

22. A method of biological control according to claim 21, wherein both males and females

are distributed.
23. A method of biological control according to claim 21, wherein one sex is distributed.
24. A method of biological control according to claim 23, wherein there is sex-separation

prior to organism distribution by expression of a sex specific lethal genetic system of an

organism according to claims 17-20.
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and then distributing the plant into the environnent where it is exposed to
restrictive conditions. 88
WO 01/39599 PCT/GB00/04541

25. A method of biological control according to any of claims 21-24, wherein the lethal
effect results in killing of greater than 90% of the target class of the progeny of matings between

released organisms and the wild population.

26 A method for producing organisms for biological control, comprising the step of

breeding a stock of organisms according to any preceding claim under permissive conditions.

27. A method for the sex separation of organisms, wherein the expression of a sex specific
dominant conditional lethal system according to claim 17 or 18 in an organism is used to kill one
sex to leave either: a pure or predominately male or female population; a population in which
organisms comprise either male or female tissues; or a population in which organisms are unable

to produce functional male gametes or female gametes or both.

28. A polynucleotide sequence encoding a conditional dominant lethal genetic system

according to any preceding claim.

29. A polynucleotide sequence according to claim 28, encoding the Nipp1 gene.

30. A vector or vectors comprising a polynucleotide sequence according to claim 28 or 29.

31. A vector according to claim 30, comprising a tetracycline-repressible dominant lethal

gene or genetic system.

32. A vector according to claim 30 or 31, comprising at least one insulator sequence.
33. A vector according to claim 32, wherein the insulator sequence is derived from
vertebrate DNA.

34 A vector according to any of claims 30 to 33, wherein the vector comprises modular

genetic elements.
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35 A method of constructing a vector appropriate for imparting a dominant lethal genetic

system to an organism, comprising the steps of:

1 providing at least one conditional lethal genetic system;
il choosing a promoter appropriate for expression of the system in the desired organism;
il ligating the promoter and conditional lethal genetic system, optionally with other

components, to produce a functional vector suitable for transformation;
wherein transformation of the vector into the organism produces an organism for

biological control according to the invention.
36. A cell comprising a vector according to any of claims 30 - 34.
37. A method for the field testing of transgenic crops, comprising the step of growing a

transgenic plant comprising a conditional lethal dominant system under permissive conditions,

and then distributing the plant into the environment where it is exposed to restrictive conditions.
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