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COMPOSITIONS FOR MOSQUITO CONTROL AND USES OF SAME

FIELD AND BACKGROUND OF THE INVENTION

The present invention, 1n some embodiments thereof, relates to compositions for
mosquito control and uses of same.

Mosquitoes are the major vectors for a number of human and animal diseases,
including malaria, yellow fever and dengue fever. Over 1 million people die from
mosquito-borne diseases every year, and hundreds of millions more experience pain and
suffering from 1llnesses transmitted by mosquitoes.

There 1s neither specific medication nor vaccine for Dengue. The only way
currently to control the disease 1s to control the mosquito, Aedes aegypti, which spreads
the disease. There 1s no cure for yellow fever but there 1s a vaccine; however it 1s
expensive and not available to protect other parts of the world. There 1s no currently
available drug regimen guarantees 100% protection against Malaria, and prevention of
infection requires taking antimalarial medication as directed 1n addition to prevention of
mosquito bites. Antimalarials do not actually prevent the disease but only act in the
bloodstream to suppress clinical symptoms by inhibiting parasite development 1n red
blood cells.

In order to prevent human disease caused by the viruses and parasites mentioned
above, a systematic mosquito surveillance system 1s required. Nowadays, 1t 1s accepted
that the success of such actions depends on the implementation of an integrated
mosquito management program (IMM).

The aim of these programs 1s to optimize the control of mosquitoes in an
economical and environmentally friendly way. Specifically, Integrated Mosquito
Management 1s a comprehensive mosquito prevention/control strategy that utilizes all
available mosquito control methods singly or in combination to exploit the known
vulnerabilities of mosquitoes 1n order to reduce their numbers to tolerable levels while
maintaining a quality environment. IMM does not emphasize mosquito elimination or
eradication. Integrated mosquito management methods are specifically tailored to safely
counter each stage of the mosquito life cycle. Prudent mosquito management practices
for the control of immature mosquitoes (larvae and pupae) include such methods as the

use of biological controls (native, noninvasive predators), source reduction (water or
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vegetation management or other compatible land management uses), water sanitation

practices as well as the use of registered larvicides. When source elimination or larval
control measures are not feasible or are clearly inadequate, or when faced with
imminent mosquito-borne disease, application of registered adulticides may be needed.
However, larvicides/adulticides efficacy 1s now threatened by the rise of resistance 1n
target populations. Such phenomenon 1s occurring worldwide 1n all major disease vector
mosquito species and spreads at a rapid rate [Harris et al. (2010) Am. J. Trop. Med.
Hyg. 83, 277e¢284; Marcombe et al. (2009a) Am. J. Trop. Med. Hyg. 80, 745e751;
Marcombe et al. (2009b) BMC Genomics 10, 494; Ranson et al. (2009) Malar. J. 8,
299].

Larviciding 1s an ecologically sate preventive method used to interrupt the
development of larvae or pupa into adult mosquitoes. Larviciding 1s also a general term
for killing immature mosquitoes by applying agents, collectively called larvicides, to
control mosquito larvae and/or pupae. Larvicides may be grouped into two broad
categories: biorational pesticides (biopesticides) and conventional, broad-spectrum
chemical pesticides.

Biochemical agents such as Insect Growth Regulators (IGRS) controls insects
by interrupting their life cycle, rather than through direct toxicity. Based on this mode
of action, the U.S. Environmental Protection Agency (EPA) considers it to be a
biochemical pesticide. The IGRS mimics naturally occurring insect biochemicals that
are responsible for insect development. Through the mimicry, IGRS keeps the mosquito
larvae from developing into adults that would emerge from the pupae. It 1s able to exert
this effect at very small concentrations. The first IGRS, which contained several
methoprene 1somers, was registered in 1975 [Henrick, (2007) Methoprene. In: Floore,
T.G. (Ed.). Biorational Control of Mosquitoes. Bulletin of the American Mosquito
Control Association No. 7. St Louis, MO: Allen Press]. Methoprene products currently
are the only IGRS registered for use in the USA. Methoprene 1s a juvenile hormone
(JH) analog, which mimicries the natural hormone from insects. JH 1s involved 1n the
regulation of physiological processes 1n insects including mating and metamorphosis.
Theretore, these chemicals interfere with normal i1nsect growth and maturation and
induce abnormal larval growth patterns.

Resistance has been defined as ‘the developed ability in a strain of insects to
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tolerate doses of toxicants that would prove lethal to the majority of individuals in a

normal population of the same species’ [Clark & Yamaguchi, (2002) Scope and Status
of Pesticide Resistance. In Agrochemical Resistance: Extent, Mechanism and Detection,
eds. JM Clark & I. Yamaguchi, pp 1-22. Washington, DC: American Chemical
Society]. In a susceptible population, individuals with resistant genes to a given
insecticide are rare, and usually range between 10~ and 10° in number, but widespread
use of a toxicant favors the prevalence of the resistant individuals. These individuals
multiply fast in the absence of intraspecific competition and, over a number of
generations, quickly become the dominant proportion of the population. Hence, the
insecticide 1s no longer effective and the insects are considered to be resistant.

In addition to pesticides and 1nsecticides, chemicals commonly used 1n
agriculture also include fertilizers, herbicides, fungicides and various adjuvants that
increase their etficiency. Although these compounds are usually non-toxic to insects,
their presence 1n breeding sites has been shown to affect tolerance to insecticides via the
modulation of their detoxification system. For instance, Chironomus tentans larvae
exposed to the herbicide alachlor respond by enhanced GST activities [Li1 et al. (2009)
Insect Biochem. Mol. Biol., 39, 745¢754]. Ae. albopictus larvae exposed for 48 h to the
fungicides triadimefon, diniconazole and pentachlorophenol showed an increased
tolerance to carbaryl [Suwanchaichinda and Brattsten, (2001) Pestic. Biochem. Physiol.,
70, 63e¢73]. The strong effect observed with pentachlorophenol was further linked to a
strong 1nduction of P450s. Poupardin et al. [(2008) Insect Biochem. Mol. Biol. 38,
540e551; (2010) Insect Mol. Biol., 19, 185¢193] demonstrated that exposing Ae.
aegypti larvae to a sub-lethal dose of copper sulphate, frequently used 1n agriculture as a
fungicide, enhance their tolerance to the pyrethroid permethrin. This effect was
correlated to an elevation of P450 activities and the induction of CYP genes
preferentially transcribed in detoxification tissues and showing high homology to
known pyrethroid metabolizers. Similarly, exposing Ae. Aegypti larvae to the herbicide
glyphosate, the active molecule of Roundup, led to a significant increase of their
tolerance to permethrin together with the induction of multiple detoxification genes
[(Riaz et al. (2009) Aquat. Toxicol., 93, 61e69].

Mosquito resistance has also been described against biolarvicides. Specifically,

the development of resistance in Culex quinquefasciatus to the Biopesticide Bacillus
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sphaericus (B.s.) has been noted by Rodcharoen et al., Journal of Economic

Entomology, Vol. 87, No. 5, 1994, pp. 1133-1140. In addition, resistance to methoprene
was soon demonstrated 1n several species [Dyte, (1972) Nature, 238(5358):48-9; Cerf &
Georghiou, (1972) Nature, 239(5372):401-2].

One method of introducing dsRNA to the larvae 1s by dehydration. Specifically,
larvae are dehydrated in a NaCl solution and then rehydrated in water containing
double-stranded RNA. This process 1s suggested to induce gene silencing in mosquito

larvae.

SUMMARY OF THE INVENTION

According to an aspect of some embodiments of the present invention there 1s
provided a composition-of-matter for mosquito control, comprising a cell comprising an
exogenous naked dsRNA which specifically down-regulates expression of a gene being
endogenous to a mosquito or which specifically down-regulated expression of a gene
being endogenous to a mosquito pathogen.

According to an aspect of some embodiments of the present invention there 1s
provided a composition-of-matter for mosquito control, comprising a cell comprising a
nucleic acid larvicide.

According to an aspect of some embodiments of the present invention there 1s
provided a composition-of-matter for mosquito control, comprising a cell comprising a
nucleic acid larvicide atfecting fertility or fecundity of a female mosquito.

According to an aspect of some embodiments of the present invention there 1s
provided a composition-of-matter for mosquito control comprising a nucleic acid
larvicide that targets a pitRNA pathway gene and/or a sterility gene.

According to an aspect of some embodiments of the present invention there 1s
provided a composition-of-matter for mosquito control comprising a nucleic acid
larvicide that targets a gene comprising Aub (AAEL0O07698) and Argonaute-3
(AAELOO7823).

According to some embodiments of the invention, the nucleic acid larvicide

comprises at least one dsRNA.
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According to some embodiments of the invention, the composition-of-matter

comprises a dASRNA which comprises SEQ ID NO: 1838 and a dsSRNA which comprises
SEQ ID NO: 1823.

According to an aspect of some embodiments of the present invention there 1s
provided a method of producing a larvicidal composition, the method comprising
introducing into a cell a nucleic acid larvicide, thereby producing the larvicide.

According to an aspect of some embodiments of the present invention there 1s
provided a method of producing a larvicidal composition, the method comprising
introducing into a cell a nucleic acid larvicide atfecting fertility or fecundity of a female
mosquito, thereby producing the larvicide.

According to some embodiments of the invention, the introducing 1s effected by
electroporation.

According to some embodiments of the invention, the introducing 1s effected by
particle bombardment.

According to some embodiments of the invention, the introducing 1s effected by
chemical-based transfection.

According to some embodiments of the invention, the nucleic acid larvicide
down-regulates a target gene selected from the group consisting of:

(1) atfecting larval survival;

(11) interfering with metamorphosis of larval stage to adulthood;

(111) atfecting susceptibility of mosquito larvae to a larvicide;

(1v)  affecting susceptibility of an adult mosquito to an adulticide/insecticide;
and

(V) atfecting fertility or fecundity of a male or female mosquito.

According to some embodiments of the invention, the target gene 1s selected
from the group consisting of 1-427, 430-1813, 1826-1832.

According to some embodiments of the invention, the target gene 1s selected
from the group consisting of P-glycoprotein (AAEL010379), Argonaute-3
(AAELO07823), Cytochrome p450 (CYP9J26), Sodium channel (AAELO08297), Aub
(AAELOO7698), AeSCP-2 (AF510492.1), AcAct-4 (AY531222.2), AAEL002000,
AAELO05747, AAEL005656, AAELO17015, AAELO05212, AAEL005922,
AAELO000903 and AAEL005049.
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According to some embodiments of the invention, the target gene comprises

Aub (AAEL0O07698) and Argonaute-3 (AAEL0O07823).

According to some embodiments of the invention, the nucleic acid larvicide
which down-regulates the target gene 1s a dsSRNA.

According to some embodiments of the invention, the dsRNA comprises SEQ
ID NOs: 1858 and 1823.

According to some embodiments of the invention, the cell 1s an algal cell.

According to some embodiments of the invention, the cell 1s a microbial cell.

According to some embodiments of the invention, the cell 1s a bacterial cell.

According to some embodiments of the invention, the composition further
comprises a food-bait.

According to some embodiments of the invention, the composition 1s formulated
in a formulation selected from the group consisting of technical powder, wettable
powder, dust, pellet, briquette, tablet and granule.

According to some embodiments of the invention, the granule 1s selected from
the group consisting of an impregnated granule, dry flowable, wettable granule and
water dispersible granule.

According to some embodiments of the invention, the composition 1s formulated
as a non-aqueous Or aqueous suspension concentrate.

According to some embodiments of the invention, the composition 1s formulated
as a semi-solid form.

According to some embodiments of the invention, the semi-solid form
COMPrises an agarose.

According to some embodiments of the invention, the cell 1s lyophilized.

According to some embodiments of the invention, the cell 1s non-transgenic.

According to some embodiments of the invention, the composition-of-matter or
method further comprises an RNA-binding protein.

According to some embodiments of the invention, the nucleic acid larvicide
comprises a dASRNA.

According to some embodiments of the invention, the dsRNA 1s a naked

dsRNA.
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According to some embodiments of the invention, the dsSRNA comprises a

carrier.

According to some embodiments of the invention, the carrier comprises a
polyethyleneimine (PEI).

According to some embodiments of the invention, the dsSRNA 1s effected at a
dose of 0.001-1 ug/uL for soaking or at a dose of 1 pg to 10 ug/larvae for feeding.

According to some embodiments of the invention, the dsSRNA 1s selected from
the group consisting of SEQ ID NOs: 1822-1825 and 1857-1868.

According to some embodiments of the invention, the dsSRNA 1s selected from
the group consisting of siRNA, shRNA and miRNA.

According to some embodiments of the invention, the cell 1s devoid of a
heterologous promoter for driving expression of the dsSRNA 1n the plant.

According to some embodiments of the invention, the nucleic acid larvicide 1s
greater than 15 base pairs 1n length.

According to some embodiments of the invention, the nucleic acid larvicide 1s
19 to 25 base pairs in length.

According to some embodiments of the invention, the nucleic acid larvicide 1s
30-100 base pairs in length.

According to some embodiments of the invention, the nucleic acid larvicide 1s
100-800 base pairs in length.

According to some embodiments of the invention, the composition further
comprises at least one of a surface-active agent, an 1nert carrier vehicle, a preservative, a
humectant, a feeding stimulant, an attractant, an encapsulating agent, a binder, an
emulsifier, a dye, an ultra-violet protector, a buffer, a flow agent or fertilizer,
micronutrient donors, or other preparations that influence the growth of the plant.

According to some embodiments of the invention, the composition of matter has
an 1nferior impact on an adult mosquito as compared to the larvae.

According to some embodiments of the invention, the composition further
comprises a chemical larvicide or a biochemical larvicide or a combination of same.

According to some embodiments of the invention, the larvicide 1s selected from
the group consisting of Temephos, Diflubenzuron, methoprene, Bacillus sphaericus, and

Bacillus thuringiensis 1sraclensis.
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According to some embodiments of the invention, the larvicide comprises an

adulticide.

According to some embodiments of the invention, the adulticide 1s selected from
the group consisting of deltamethrin, malathion, naled, chlorpyrifos, permethrin,
resmethrin and sumithrin.

According to an aspect of some embodiments of the present invention there 1s
provided a method of controlling or exterminating mosquitoes, the method comprising
feeding larvae of the mosquitoes with an effective amount of the composition-of-matter
of some embodiments of the invention, thereby controlling or exterminating the
mosquitoes.

According to some embodiments of the invention, the mosquitoes comprise
female mosquitoes capable of transmitting a disease to a mammalian organism.

According to some embodiments of the invention, the mosquitoes are of a
species selected from the group consisting of Aedes aegypti and Anopheles gambiae.

Unless otherwise defined, all technical and/or scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which
the invention pertains. Although methods and materials similar or equivalent to those
described herein can be used 1n the practice or testing of embodiments of the invention,
exemplary methods and/or materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the materials, methods, and

examples are 1llustrative only and are not intended to be necessarily limiting.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

Some embodiments of the invention are herein described, by way of example
only, with reference to the accompanying drawings. With specific reference now to the
drawings 1n detail, it 1s stressed that the particulars shown are by way of example and for
purposes of 1llustrative discussion of embodiments of the invention. In this regard, the
description taken with the drawings makes apparent to those skilled in the art how
embodiments of the invention may be practiced.

In the drawings:

FIG. 1 1s a flowchart illustration depicting introduction of dsSRNA 1nto mosquito

larvae via soaking with “naked” dsRNA. In short, third instar larvae were treated (in
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groups of 100 larvae) 1n a final volume of 3 mL of dsRNA solution in autoclaved water

with 0.5 pug/ull dsRNA. The control group was kept in 3 ml sterile water only. Larvae
were soaked 1n the dsRINA solutions for 24 hr at 27 °C, and then transferred into new
containers (300 larvae/1500 mL of chlorine-free tap water), which were also maintained
at 2’7 °C, and were provided with lab dog/cat diet (Purina Mills) suspended in water as a
source of food on a daily basis. As pupae developed, they were transferred to individual
vials to await eclosion and sex sorting. For bioassays purpose only females up to five
days old were used. Then, mosquitoes were subjected to pyrethroid adulticide assay.

FIG. 2 1s a flowchart 1llustration depicting introduction of dsRNA 1into mosquito
larvae via soaking with “naked” dsRNA plus additional larvae feeding with food-
containing dsRNA. After soaking in the dsRNA solutions for 24 hr at 27 °C (as
indicated in Figure 1 above), the larvae were transferred into new containers (300
larvae/1500 mL of chlorine-free tap water), and were provided agarose cubes containing
300 ug of dsRNA once a day for a total of four days. The larvae were reared until adult
stage. For bioassays purpose only females up to five days old are used. Then,
mosquitoes were subjected to pyrethroid adulticide assay.

FIG. 3 1s a flowchart 1llustration depicting introduction of dsRNA 1into mosquito
larvae via feeding with food-containing dsSRNA only. Third instar larvae were fed (in
groups of 300 larvae) in a final volume of 1500 mL of chlorine-free tap water with
agarose cubes containing 300 ug of dsSRNA once a day for a total of four days. The
larvae were reared until adult stage. For bioassays purpose only females up to five days
old are used. Then, mosquitoes were subjected to pyrethroid adulticide assay.

FIG. 4 1s a flowchart 1llustration depicting dsSRNA production.

FIGs. SA-C are graphs illustrating the dose-response curves for 3- to 5-day-
old Aedes aegypti female mosquitoes on i1nsecticide-susceptible Rockefeller strain
(Figure 5A) and on 1nsecticide-resistant Rio de Janeiro strain (Figure 5B). Mosquitoes
were exposed to different concentrations of deltamethrin 1n 250-mL glass bottles for up
to 24 hours and the percentage of mortality for each time point 1s shown. Figure 3C,
comparison of the mortality rates of female mosquitoes from Rocketeller (Rock) and
Rio de Janeiro (RJ) strains exposed to 2 ug/mL of deltamethrin for different time-

points. Data represent mean values of three replicates with standard deviation.
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FIGs. 6A-B are photographs illustrating allele specific PCR for genotyping kdr

mutations in the Aedes aegypti Rio de Janeiro strain. Figures 6A-B represent reactions
for the 1016 and 1534 mutation sites, respectively. Amplicons were resolved in a 10 %
polyacrylamide gel electrophoresis and stained with Gel Red. Figure 6A, amplicons of
approximately 80 and 100 bp correspond to alleles 1016 Val® and 1016 T,
respectively. Figure 6B, amplicons of 90 and 110 bp correspond to alleles 1534
Phe* and 1534 Cys™, respectively. Rockefeller Ae. aegypti mosquito strain was used as
positive homozygous dominant control for both mutation sites. C-: negative control.
FIGs. 7A-C are graphs illustrating that sodium channel gene silencing on Ae.
aegypti mosquitoes (RJ strain) results in increased susceptibility to Pyrethroid

adulticide. Figure 7A, larvae from Ae. aegypti R] strain (3" instar) were soaked for 24

hours 1n 0.5 pug/ul of sodium channel dsRNA or only in water, and then reared until
adult stage. Adult females were exposed to deltamethrin (0.5 ug/bottle) for different
time-points, as indicated, and mortality rates for each time point 1s shown. Data show
the mean * standard deviation of four replicates, and 1s representative of 3 independent
experiments. Figure 7B, adult mosquitoes (males and females) previously soaked with
sodium channel dsRNA or only water were collected before the treatment with
deltamethrin and analyzed for sodium channel mRNA expression using gPCR method.
Figure 7C, live and immediately dead female mosquitoes were collected after exposure
to deltamethrin and the mRNA expression of sodium channel was determined by qPCR
analysis. **¥*p<0.0001; ****p<0.00001.

FIG. 8 1s a graph 1llustrating that sodium channel gene silencing on A. aegypti

mosquitoes (RJ strain) results in increased susceptibility to Pyrethroid adulticide.
Larvae from Ae. aegypti RJ strain (3" instar) were soaked for 24 hours in 0.5 ug/ul of

sodium channel dsRNA or only 1in water, and then were fed 4 times with food plus
agarose 2% containing dsRNA until they reach pupa stage. After emergence, adult
females were exposed to deltamethrin (0.5 upg/bottle) for different time-points, as
indicated, and mortality rates for each time point 1s shown. Data show the mean +
standard deviation of four replicates, and 1s representative of 3 1ndependent
experiments. *p<0.01; ***p<0.0001.

FIG. 9 1s a graph 1llustrating that feeding CYP9J29 dsRNA to larvae affects the

susceptibility of adult Ae. aegypti mosquitoes to Pyrethroid adulticide. Larvae from A.
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aegypti RJ strain (3" instar) were soaked for 24 hours in 0.1 ug/ul of target #3

(CYP9J26) dsRNA or only in water; and then were fed 4 times with food plus agarose
2% containing dsRNA until they reach pupa stage. Adult females were exposed to
deltamethrin (0.5 pg/bottle) for different time-points, as indicated, and then percentage
of mortality for each time point 1s shown. Data represent the mean + standard deviation
of four replicates. **p<0.001.

FIGs. 10A-C are graphs illustrating gene silencing in  A. aegypti larvae. 3"
instar larvae from Ae. aegypti were soaked for 24 hours 1n 0.5 ug/mL of (Figure 10A)
P-glycoprotein (PgP); (Figure 10B) Ago-3 or (Figure 10C) sodium channel dsRNA.
Larvae soaked only 1n water were used as control. At 6, 24 and 48 hours after the end of
dsRNA treatment, larvae were collected and analysed for PgP, Ago-3 and Sodium
channel mRNA expression by qPCR. Data represent the mean + standard deviation of
four replicates. *p<0.01 **p<0.001 ; ***p<0.0001; ****p<0.00001.

FIGs. 11A-B are graphs 1llustrating P-glycoprotein and Ago-3 expression in Ae.
aegypti adult mosquitoes soaked with dsRNA. Third instar larvae from Ae. aegypti
were soaked for 24 hours 1n 0.5 ug/mL of (Figure 11A) P-glycoprotein (PgP) and
(Figure 11B) Ago-3, and then reared until adult stage. Adult mosquitoes (males and
females) previously soaked with the indicated dsSRNA or only water were collected and
analyzed for PgP and Ago-3 mRNA expression using qPCR method. Data represent the
mean =+ standard deviation of five replicates. **p<0.001.

FIG. 12 1s a tlowchart illustration depicting introduction of dsRNA 1into
mosquito larvae via soaking with different doses of “naked” dsRNA plus additional
larvae feeding with food-containing dsRNA. Step a) 100 larvae from A. aegypti
Rockefeller strain (3™ instar) were soaked for 24 hours with the respective dsRNAS
(concentration range from 0.02-0.5 ug/ul) or only in water and were then fed 2 times
with food plus agarose 2% containing dsRNA until they reach adult stage (Step b). Step
¢) The adults arising were allowed to copulate for 3-5 days. Step d) mosquitoes were
fed with defibrinated sheep blood. Step e) after blood feeding 15 fully-engorged females
were transferred into 3 small cages to be assayed for oviposition. Step f) the total
number of laid eggs and the percentage of hatched eggs were counted. FIGs. 13A-B

are graphs illustrating larvae from Ae. aegypti Rocketeller strain (3™ instar) soaked for

24 hours 1n 0.5 ug/ulL of Aubergine (Aub) or Argonaute-3 (Ago) dsRNAs or water
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only. After soaking, larvae were separated in 3 different cages (containing 100 larvae

cach) and were treated twice with agarose plug containing dsSRNA. The adults arising
were allowed to copulate for 3-5 days and then fed with defibrinated sheep blood. After
blood feeding 15 fully-engorged females were transferred into small cages to be assayed
for oviposition. (Figure 13A) The total number of laid eggs and the percentage of
hatched eggs were counted (Figure 13B).

FIGs. 14A-B are graphs illustrating larvae from Ae. aegypti Rocketeller strain

(3" instar) soaked for 24 hours in 0.02 ug/ul of AeAct-4 dsRNA or water only. After

soaking, larvae were separated in 3 different cages (containing 100 larvae each) and
were treated twice with agarose plug containing dsRNA. The adults arising were
allowed to copulate for 3-5 days and then fed with defibrinated sheep blood. After blood
feeding 15 fully-engorged females were transferred into small cages to be assayed for
oviposition. (Figure 14A) The total number of laid eggs and the percentage of hatched
eggs were counted (Figure 14B).

FIGs. 15A-B are graphs illustrating Larvae from A. aegypti Rockefeller strain

(3" instar) soaked for 24 hours in 0.05 png/uL of AAEL005922 dsRNA or 0.06 pg/uL of
AAELO0O0903 dsRNA or water only. After soaking, larvae were separated in 3 different

cages (containing 100 larvae each) and were treated twice with agarose plug containing
dsRNA. The adults arising were allowed to copulate for 3-5 days and then fed with
defibrinated sheep blood. After blood feeding 15 fully-engorged females were
transferred into small cages to be assayed for oviposition. (Figure 15A) The total
number of laid eggs and the percentage of hatched eggs were counted (Figure 15B).
FIGs. 16A-B are graphs illustrating larvae from Ae. aegypti Rockefeller strain

(3" instar) soaked for 24 hours in 0.06 ng/uL of AAEL017015 dsRNA, or 0.06 ug/uL
of AAELO05212 dsRNA, 0.5 ug/uLL of Aubergine (Aub) + Argonaute-3 (Ago) dsRNA
or water only. After soaking, larvae were separated 1n 3 different cages (containing 100
larvae each) and treated twice with agarose plug containing dsSRNA. The adults arising
were allowed to copulate for 3-5 days and then fed with defibrinated sheep blood. After
blood feeding 15 fully-engorged females were transferred into small cages to be assayed
for oviposition. (Figure 16A) The total number of laid eggs and the percentage of
hatched eggs were counted (Figure 16B).
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DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

The present invention, 1n some embodiments thereof, relates to compositions for
mosquito control and uses of same.

Before explaining at least one embodiment of the invention in detail, it 1s to be
understood that the invention 1s not necessarily limited in 1ts application to the details
set forth 1n the following description or exemplified by the Examples. The invention 1s
capable of other embodiments or of being practiced or carried out 1n various ways.

It 1s understood that any Sequence Identification Number (SEQ ID NO)
disclosed 1n the instant application can refer to either a DNA sequence or a RNA
sequence, depending on the context where that SEQ ID NO 1s mentioned, even 1f that
SEQ ID NO 1s expressed only in a DNA sequence format or a RNA sequence format.
For example, SEQ ID NO: 1822 1s expressed in a DNA sequence format (e.g., reciting T
for thymine), but 1t can refer to either a DNA sequence that corresponds to an endo 1.4
beta gluconase nucleic acid sequence, or the RNA sequence of an RNA molecule
nucleic acid sequence. Similarly, though some sequences are expressed in a RNA
sequence format (e.g., reciting U for uracil), depending on the actual type of molecule
being described, 1t can refer to either the sequence of a RNA molecule comprising a
dsRNA, or the sequence of a DNA molecule that corresponds to the RNA sequence
shown. In any event, both DNA and RNA molecules having the sequences disclosed
with any substitutes are envisioned.

While reducing the present invention to practice, the present inventors have
uncovered that feeding dsSRNA to mosquito larvae 1s an effective method for silencing
gene expression 1n adult mosquitoes.

Specifically, the present inventors have shown that feeding mosquito larvae with
dsRNA targeting specific genes for two to four days (via agarose cubes, until they reach
pupa stage) with or without previous soaking with dsRNA for 24 hours (e.g. sodium
channel, PgP, ago-3 and Cytochrome p450) efficiently decreases gene expression
(Figures 10A-C) and results 1n higher susceptibility (Figures 8, 9) in adult mosquitoes.
Importantly, female mosquitoes showed a decreased expression in the mRNA level for
sodium channel before deltamethrin treatment (Figure 7B) and dead female mosquitoes
previously treated with dsSRNA showed a striking decrease in mRNA expression level

for sodium channel (Figure 7C). Furthermore, 1t was illustrated that feeding mosquito
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larvae with dsRNA significantly reduced the number of hatchings of eggs of adult

female mosquitoes (Figures 13A-B, 14A-B, 15A-B and 16A-B).

According to an aspect of the invention there 1s provided a composition-of-
matter for mosquito control, comprising a cell comprising an exogenous naked dsRNA
which specifically down-regulates expression of a gene being endogenous to a mosquito
or which specifically down-regulated expression of a gene being endogenous to a
mosquito pathogen.

As used herein the term “exogenous” refers to an externally added nucleic acid
molecule which 1s not naturally occurring in the cell.

According to an aspect of the invention there 1s provided a composition-of-
matter for mosquito control, comprising a cell which comprises a nucleic acid larvicide.

According to another aspect of the invention there 1s provided a composition-of-
matter for mosquito control, comprising a cell comprising a nucleic acid larvicide
atfecting fertility or fecundity of a female mosquito.

The term "mosquito” or “mosquitoes” as used herein refers to an insect of the
family Culicidae. The mosquito of the invention may include an adult mosquito, a
mosquito larva, a pupa or an egg thereof.

An adult mosquito 1s defined as any of slender, long-legged 1nsect that has long
proboscis and scales on most parts of the body. The adult females of many species of
mosquitoes are blood-eating pests. In feeding on blood, adult female mosquitoes
transmit harmful diseases to humans and other mammals.

A mosquito larvae 1s defined as any of an aquatic insect which does not
comprise legs, comprises a distinct head bearing mouth brushes and antennae, a bulbous
thorax that 1s wider than the head and abdomen, a posterior anal papillae and either a
pair of respiratory openings (in the subfamily Anophelinae) or an elongate siphon (in
the subtamily Culicinae) borne near the end of the abdomen.

Typically, a mosquito’s life cycle includes four separate and distinct stages: egg,
larva, pupa, and adult. Thus, a mosquito’s life cycle begins when eggs are laid on a
water surface (e.g. Culex, Culiseta, and Anopheles species) or on damp soil that 1s
flooded by water (e.g. Aedes species). Most eggs hatch into larvae within 48 hours. The
larvae live 1n the water feeding on microorganisms and organic matter and come to the

surface to breathe. They shed their skin four times growing larger after each molting
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and on the fourth molt the larva changes into a pupa. The pupal stage 1s a resting, non-

feeding stage of about two days. At this time the mosquito turns into an adult. When
development 1s complete, the pupal skin splits and the mosquito emerges as an adult.

According to one embodiment, the mosquitoes are of the sub-families
Anophelinae and Culicinae. According to one embodiment, the mosquitoes are of the
genus Culex, Culiseta, Anopheles and Aedes. Exemplary mosquitoes include, but are not
limited to, Aedes species e.g. Aedes aegypti, Aedes albopictus, Aedes polynesiensis,
Aedes australis, Aedes cantator, Aedes cinereus, Aedes rusticus, Aedes vexans:;
Anopheles species e.g. Anopheles gambiae, Anopheles freeborni,Anopheles arabiensis,
Anopheles funestus, Anopheles gambiae Anopheles moucheti, Anopheles balabacensis,
Anopheles baimaii, Anopheles culicifacies, Anopheles dirus, Anopheles latens,
Anopheles leucosphyrus, Anopheles maculatus, Anopheles minimus, Anopheles
fluviatilis s.l., Anopheles sundaicus Anopheles superpictus, Anopheles farauti,
Anopheles punctulatus, Anopheles sergentii, Anopheles stephensi, Anopheles sinensis,
Anopheles atroparvus, Anopheles pseudopunctipennis, Anopheles bellator and
Anopheles cruzii; Culex species e.g. C. annulirostris, C. antennatus, C. jenseni, C.
pipiens, C. pusillus, C. quinquefasciatus, C. rajah, C. restuans, C. salinarius, C.
tarsalis, C. territans, C. theileri and C. tritaeniorhynchus, and Culiseta species e.g.
Culiseta incidens, Culiseta impatiens, Culiseta inornata and Culiseta particeps.

According to one embodiment, the mosquitoes are capable of transmitting
disease-causing pathogens. The pathogens transmitted by mosquitoes include viruses,
protozoa, worms and bacteria.

Non-limiting examples of viral pathogens which may be transmitted by
mosquitoes include the arbovirus pathogens such as Alphaviruses pathogens (e.g.
Eastern Equine encephalitis virus, Western Equine encephalitis virus, Venezuelan
Equine encephalitis virus, Ross River virus, Sindbis Virus and Chikungunya virus),
Flavivirus pathogens (e.g. Japanese Encephalitis virus, Murray Valley Encephalitis
virus, West Nile Fever virus, Yellow Fever virus, Dengue Fever virus, St. Louis
encephalitis virus, and Tick-borne encephalitis virus), Bunyavirus pathogens (e.g. La
Crosse Encephalitis virus, Rift Valley Fever virus, and Colorado Tick Fever virus) and

Orbivirus (e.g. Bluetongue disease virus).
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Non-limiting examples of worm pathogens which may be transmitted by

mosquitoes 1include nematodes e.g. filarital nematodes such as Wuchereria bancrofti,
Brugia malayi, Brugia pahangi, Brugia timori and heartworm (Dirofilaria immitis)).
Non-limiting examples of bacterial pathogens which may be transmitted by
mosquitoes include gram negative and gram positive bacteria including Yersinia pestis,
Borellia spp, Rickettsia spp, and Erwinia carotovora.
Non-limiting examples of protozoa pathogens which may be transmitted by

mosquitoes 1nclude the Malaria parasite of the genus Plasmodium e.g. Plasmodium

falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae, Plasmodium

berghei, Plasmodium gallinaceum, and Plasmodium knowlesi.

According to one embodiment, the mosquito comprises a female mosquito being
capable of transmitting a disease to a mammalian organism.

Non-limiting examples of mosquitoes and the pathogens which they transmit
include species of the genus Anopheles (e.g. Anopheles gambiae) which transmit
malaria parasites as well as microfilariae, arboviruses (including encephalitis viruses)
and some species also transmit Wuchereria bancrofti;, species of the genus Culex (e.g.
C. pipiens) which transmit West Nile virus, filariasis, Japanese encephalitis, St. Louis
encephalitis and avian malaria; species of the genus Aedes (e.g. Aedes aegypti, Aedes
albopictus and Aedes polynesiensis) which transmit nematode worm pathogens (e.g.
heartworm (Dirofilaria immitis)), arbovirus pathogens such as Alphaviruses pathogens
that cause diseases such as Eastern Equine encephalitis, Western Equine encephalitis,
Venezuelan equine encephalitis and Chikungunya disease; Flavivirus pathogens that
cause diseases such as Japanese encephalitis, Murray Valley Encephalitis, West Nile
fever, Yellow fever, Dengue fever, and Bunyavirus pathogens that cause diseases such
as LaCrosse encephalitis, Rift Valley Fever, and Colorado tick fever.

According to one embodiment, pathogens that may be transmitted by Aedes
aegypti are Dengue virus, Yellow fever virus, Chikungunya virus and heartworm
(D1irofilaria immatis).

According to one embodiment, pathogens that may be transmitted by Aedes
albopictus include West Nile Virus, Yellow Fever virus, St. Louis Encephalitis virus,

Dengue virus, and Chikungunya fever virus.
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According to one embodiment, pathogens that may be transmitted by Anopheles

gambiae 1include malaria parasites of the genus Plasmodium such as, but not limited to,
Plasmodium falciparum, Plasmodium vivax, Plasmodium ovale, Plasmodium malariae,
Plasmodium berghei, Plasmodium gallinaceum, and Plasmodium knowlesi.

As used herein the phrase “mosquito control” refers to managing the population
of mosquitoes to reduce their damage to human health, economies, and enjoyment.
According to some embodiments of the invention, mosquito management 1s typically
effected using larvicidally effective compositions and compositions having mosquito
“aversion activity” which causes a mosquito to avoid deleterious behavior such as a
mosquito biting.

As used herein, the term "larvicidal™ or “larvicidal activity” refers to the ability
of interfering with a mosquito life cycle resulting in an overall reduction in the
mosquito population. The larvicidal composition acts (down-regulates gene expression)
at the larval stage. The activity of the larvicidal composition may be manifested
immediately (e.g., by affecting larval survival) or only at later stages, as described
below. For example, the term larvicidal includes inhibition of a mosquito from
progressing from one form to a more mature form, e.g., transition between various
larval 1nstars or transition from larva to pupa or pupa to adult. Alternatively or
additionally, the term larvicidal affects mosquito fertility or fecundity. Hence the
down-regulation of the target gene may induce male or female sterility. Further, the
term "larvicidal” 1s intended to encompass, for example, anti-mosquito activity during
all phases of a mosquito life cycle; thus, for example, the term includes larvacidal,
ovicidal, and adulticidal activity. According to a specific embodiment all of which stem
from the activity at the larval stage. Alternatively or additionally, larvicide encompasses
both “larva-specific” larvicides, and non-specific larvicides.”

According to one embodiment the larvicide may affect fertility or fecundity of a
female mosquito. Affecting the fertility or fecundity of a mosquito typically does not
kill the mosquito but affects the amount or quality of eggs the mosquito lays, as well as
the ability to produce viable and/or fertile progeny. Thus, fertility refers to the ability of
a population of female mosquitoes to yield eggs. Fecundity refers to a reduction in the

number of progeny produced from the eggs.
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Thus, fertility refers to the “ability” of a male and a female to reproduce a viable

offspring.

The female mosquito may lay a reduced amount of eggs as compared to a
female mosquito not affected by the larvicide composition of the invention.
Alternatively, the quality of the eggs laid by the female mosquito may be damaged, e.g.
the eggs may not hatch or may hatch at a reduced amount (e.g. 10 %, 20%, 30 %, 40 %,
50 %, 60%, 70 %, 80 %, 90 % or 100 % reduction 1n hatching as compared to eggs of a
female mosquito not atfected by the larvicide composition of the invention).

A population of female mosquitoes receiving the larvicide composition of the
invention 1s considered to have sufficiently decreased fertility or fecundity 1f at least 30
%, 40 %, 50 %, 60%, 70 %, 80 %, 90 % or 100 % of the females in the population are
infertile, e.g., unable to produce viable eggs.

Thus, the larvicide of the invention may generate a biased population of adult
mosquitoes.

In addition the term may refer to rendering a mosquito at any stage, including
adulthood, more susceptible to a pesticide as compared to the susceptibility of a
mosquito of the same species and developmental stage which hasn’t been treated with
the nucleic acid larvicide.

As used herein, the term "larvicidally effective” 1s used to indicate an amount or
concentration of the nucleic acid larvicide which 1s sufficient to reduce the number of
mosquitoes 1n a geographic locus as compared to a corresponding geographic locus 1n
the absence of the amount or concentration of the composition.

Thus the nucleic acid larvicide of some embodiments of the invention down-
regulates a target gene selected from the group consisting of:

(1) atfecting larval survival;

(11) interfering with metamorphosis of larval stage to adulthood;

(1)  affecting susceptibility of mosquito larvae to a larvicide;

(1v)  affecting susceptibility of an adult mosquito to an adulticide/insecticide;
and

(V) atfecting fertility or fecundity of a male or female mosquito.

As used herein the term “affecting” or “interfering” refers to a gene which plays

a role 1n the above mentioned biological activity. According to a specific embodiment,
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the target gene 1s a non-redundant gene, that 1s, its activity 1s not compensated by

another gene 1n a pathway. When needed, down-regulation of a plurality of genes (e.g.,
in a pathway) participating in at least one of the above-mentioned activities 1s
contemplated (as further described hereinbelow). Alternatively, according to a specific
embodiment, the plurality of target genes are from groups (1) and (11), (1) and (111), (1)
and (1v), (1) and (v), (11) and (111), (11) and (1v), (1) and (v), (111) and (v) and (1v) and (v)
and more.

The target gene may comprise a nucleic acid sequence which 1s transcribed to an
mRNA which codes for a polypeptide.

Alternatively, the target gene can be a non-coding gene such as a miRNA or a
siRNA.

According to a specific embodiment, the target gene 1s endogenous to the larvae.

According to a specific embodiment, the target gene 1s endogenous to the
pathogen.

As used herein “endogenous” refers to a gene which expression (mRNA or
protein) takes place in the larvae or the pathogen. Typically, the endogenous gene 1s
naturally expressed 1n the larvae or the pathogen.

Below provided are exemplary genes. Orthologs and homologs are also
contemplated according to the present teachings.

Homologous sequences include both orthologous and paralogous sequences.
The term “paralogous™ relates to gene-duplications within the genome of a species
leading to paralogous genes. The term “orthologous™ relates to homologous genes 1n
different organisms due to ancestral relationship. Thus, orthologs are evolutionary
counterparts derived from a single ancestral gene 1n the last common ancestor of given
two species (Koonin EV and Galperin MY (Sequence - Evolution - Function:
Computational Approaches in Comparative Genomics. Boston: Kluwer Academic;
2003. Chapter 2, Evolutionary Concept in Genetics and Genomics. Available from: ncbi
(dot) nlm (dot) nih (dot) gov/books/NBK20255) and therefore have great likelihood of
having the same function.

The term "ortholog" (also called orthologous genes) refers to genes in different

species derived from a common ancestry (due to speciation).
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According to a specific embodiment, the homolog sequences are at least 60 %,

65 %, 70 %, 75 %, 80%, 85 %, 90 %, 95 % or even 1dentical to the sequences (nucleic
acid or amino acid sequences) provided hereinbelow.

The nucleic acid agent will be selected according to the target larvae and hence
target genes. Exemplary target genes of the invention include adulticide/larvicide targets
and fertility/fecundity targets.

Exemplary target genes of the invention are listed 1n Tables 1-5 below.

Table 1
Seq ID Gene Symbol
302 AAEL001340
303 AAEL001606
304 AAEL002425
305 AAEL002792
306 AAELO003660
307 AAEL004696
308 AAEL004974
309 AAEL006254
310 AAEL006488
311 AAEL006492
312 AAEL008042
313 AAELO08587
314 AAEL008844
315 AAEL008924
316 AAELO08958
317 AAEL009114
318 AAEL009174
319 AAEL009340
320 AAELO009969
321 AAELO10565
322 AAELO010789
323 AAEL010792
324 AAELO011474
325 AAELO011478
326 AAELO011663
327 AAELO11757
328 AAEL011921
329 AAEL014330
330 AGAP000460
331 AGAP000460
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332 AGAP0O00460
333 AGAPO00471
334 AGAPO00471
335 AGAPO00471
336 AGAPO00662
337 AGAPO00662
338 AGAPO00662
339 AGAPOO1177
340 AGAPOO1177
341 AGAPOO1177
342 AGAPOO1179
343 AGAPOO1179
344 AGAPOO1179
345 AGAPOO1271
346 AGAPOO1271
347 AGAPOO1271
343 AGAPOO1278
349 AGAPOO1278
350 AGAPOO1278
351 AGAPO01293
352 AGAPO01293
353 AGAPO01293
354 AGAPOO1335
355 AGAPOO1335
356 AGAPOO1335
357 AGAPOO1337
358 AGAPOO1337
359 AGAPOO1337
360 AGAPOO1339
361 AGAPOO1339
362 AGAPOO1339
363 AGAPOO1367
364 AGAPOO1367
365 AGAPOO1367
366 AGAPOO1388
367 AGAPOO1388
368 AGAPOO1388
369 AGAPO01463
370 AGAPO01463
371 AGAP0O01463
372 AGAPOO1478
373 AGAPOO1478
374 AGAPOO1478

PCT/IL2015/050468
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375 AGAPOO1481
376 AGAPOO1481
377 AGAPOO1481
378 AGAPO01498
379 AGAPO01498
380 AGAPO01498
381 AGAP002471
382 AGAP002471
383 AGAP002471
384 AGAPO02801
385 AGAP0O04050
386 AGAP0O04416
387 AGAP0O04416
388 AGAPO04416
389 AGAPO04645
390 AGAPO04930
391 AGAPOO6EE7
392 AGAPOO6EE7
393 AGAPOO6887
394 AGAPOO7963
395 AGAPOOs8806
396 CPLJOOT185
397 CPLJO0O1186
398 CPLJOO1187
399 CP1JO0O1560
400 CPLJO03158
401 CPLJO03766
402 CP1J004057
4073 CPLJ004058
404 CPLJO04318
405 CPLJO05975
406 CP1JO05976
407 CPLJOO7071
403 CPLJOO7072
409 CPLJO0O7101
410 CPLJOO7172
411 CPLJOO7789
412 CP1JO08481
413 CPLJO0B673
414 CPLJO09011
415 CPLJO09270
416 CPLJO11557
417 CPLJO11558

PCT/IL2015/050468
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418 CP1JO11708
419 CP1JO12810
420 CP1JO13126
421 CP1J015620
422 CP1J015622
423 CP1JO17065
424 CPI1JO17887
425 CP1J019248
426 CP1J019249
4277 FBgn0127180
Table 1, cont.
Table 2A
Seq ID Gene Symbol | Annotation
Enzymes N AAELQ12664 | prolylcarboxypeptidase, putative
6 AAEL002909 | lysosomal acid lipase, putative
57 AAEL005127 | nbonuclease UK114, putative
58 AAEL012636 | cytochrome b5, putative
59 AAELO010276 | amimmomethyltransferase
60 AAELO013640 | lung carbonyl reductase
61 AAEL005416 | oxidase/peroxidase
62 AAEL013499 | prophenoloxidase
03 AAELO03716 | ribonuclease UK114, putative
64 AAELO12579 | aspartate aminotransferase
65 AAEL002600 | serine protease
mitochondrial ATP synthase b
66 AAELO0O05610 | chain
67 AAEL006446 | trehalose-6-phosphate synthase
03 AAELOO8770 | proteasome subunit beta type
69 AAEL001427 | short-chain dehydrogenase
peptidyl-prolyl cis-trans 1somerase
70 AAELO13279 | (cyclophilin)
71 AAELO09875 | alanine aminotransferase
72 AAELO005793 | AMP dependent ligase
ubiquinol-cytochrome ¢ reductase
73 AAELO07868 | complex 14 kd protein
NADH-plastoquinone
74 AAELO08072 | oxidoreductase
75 AAEL009324 | hydroxyacyl dehydrogenase
76 AAELO08217 | serine-type enodpeptidase,
77 AAELO014944 | cytochrome ¢ oxidase polypeptide
78 AAELO10819 | vacuolar ATP synthase subunit H
79 AAELO10500 | glutathione-s-transferase theta, gst
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Transport 30 AAEL005929 | ATP-binding cassette transporter
31 AAELO0O8381 | oligopeptide transporter
32 AAEL0O01626 | zinc/iron transporter
ATP-binding cassette sub-tamily
33 AAELO12702 | A member 3, putative
others 34 AAELO15515 | antibacterial peptide, putative
leucine-rich transmembrane
3 AAEL002295 | protein
36 AAELO009556 | Niemann-Pick Type C-2, putative
87 AAELO05159 | latent nuclear antigen, putative
38 AAELO07325 | Mob3B protein, putative
39 AAEL0O00679 | NEDDS, putative
galactose-specitic C-type lectin,
90 AAELO09209 | putative
odorant-binding protein 56a,
91 AAELO0O1826 | putative
92 AAEL002961 | Osiris, putative
93 AAELO06830 | yellow protein precursor
odorant-binding protein 99c,
94 AAELOOS5772 | putative
95 AAEL002813 | coupling factor, putative
96 AAELO11090 | complement component
97 AAEL012230 | flagellar protein, putative
Hypothetical
proteins 98 AAELO11252 | conserved hypothetical protein
99 AAEL014506 | conserved hypothetical protein
100 AAEL003216 | conserved hypothetical protein
101 AAEL003241 | conserved hypothetical protein
102 AAELO0O7507 | conserved hypothetical protein
103 AAEL003064 | conserved hypothetical protein
104 AAELO10678 | conserved hypothetical protein
105 AAEL00026Y9 | conserved hypothetical protein
106 AAELO006053 | conserved hypothetical protein
107 AAELO08750 | conserved hypothetical protein
108 AAELO10128 | conserved hypothetical protein
109 AAEL002898 | conserved hypothetical protein
110 AAELO07631 | conserved hypothetical protein
111 AAEL003479 | conserved hypothetical protein
112 AAELO13777 | conserved hypothetical protein
113 AAELO003428 | conserved hypothetical protein
114 AAEL014529 | conserved hypothetical protein
115 AAELO12645 | conserved hypothetical protein
116 AAEL004809 | conserved hypothetical protein
117 AAEL004343 | conserved hypothetical protein
118 AAEL0O03160 | conserved hypothetical protein
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119 AAELO12357 | conserved hypothetical protein
120 AAELO009009 | conserved hypothetical protein
121 AAELO13793 | conserved hypothetical protein
122 AAEL002623 | conserved hypothetical protein
123 AAELO10163 | conserved hypothetical protein
124 AAEL002449 | conserved hypothetical protein
125 AAEL002302 | conserved hypothetical protein
126 AAELO008039 | conserved hypothetical protein
127 AAELOO8073 | conserved hypothetical protein
128 AAEL007444 | conserved hypothetical protein
129 AAELO05171 | conserved hypothetical protein
130 AAELO06771 | conserved hypothetical protein
131 AAELO15140 | conserved hypothetical protein
132 AAELOO1851 | conserved hypothetical protein
133 AAELO005558 | conserved hypothetical protein
134 AAEL002933 | conserved hypothetical protein
135 AAEL003225 | conserved hypothetical protein
136 AAEL001692 | conserved hypothetical protein
137 AAEL0O07592 | conserved hypothetical protein
138 AAEL005457 | conserved hypothetical protein
139 AAEL006494 | conserved hypothetical protein
140 AAELO13780 | conserved hypothetical protein
141 AAEL0O09257 | conserved hypothetical protein
142 AAEL000445 | conserved hypothetical protein
143 AAEL002955 | conserved hypothetical protein
144 AAELO02875 | conserved hypothetical protein
145 AAELO000304 | conserved hypothetical protein
146 AAELO000792 | conserved hypothetical protein
147 AAEL003936 | conserved hypothetical protein
148 AAEL0O06686 | conserved hypothetical protein
149 AAELO01677 | conserved hypothetical protein
150 AAEL0O00419 | conserved hypothetical protein
151 AAEL007648 | conserved hypothetical protein
152 AAEL006270 | conserved hypothetical protein
153 AAELO13377 | conserved hypothetical protein
154 AAEL002619 | conserved hypothetical protein
155 AAELO12866 | conserved hypothetical protein
156 AAEL014445 | conserved hypothetical protein
157 AAEL0O01065 | conserved hypothetical protein
158 AAELO11333 | conserved hypothetical protein
159 AAELO11078 | conserved hypothetical protein
160 AAELOQO10315 | conserved hypothetical protein
161 AAEL005270 | conserved hypothetical protein
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162 AAEL004449 | conserved hypothetical protein
163 AAELO00896 | conserved hypothetical protein
164 AAELQO10724 | conserved hypothetical protein
165 AAELO008802 | conserved hypothetical protein

Table 2A., cont.



WO 2015/170324

Table 2B

CA 02945736 2016-10-13

277

PCT/IL2015/050468

Gene symbol

Gene Name

430 | AAELO00043 | gustatory receptor 64e, putative

431 | AAELOOOO20 | conserved hypothetical protein

432 | AAELOOOOOS | hypothetical protein

433 | AAEL000049 | three prime repair exonuclease 1, putative
434 | AAELOOOOS3 | myotubularin

435 | AAELO0OO33 | conserved hypothetical protein

436 | AAELO00046 | conserved hypothetical protein

437 | AAEL000054 | mixed-lineage leukemia protein, mll
438 | AAELOOOO11 | conserved hypothetical protein

439 | AAELOO0OSS | conserved hypothetical protein

440 | AAELO00543 | C-Type Lectin (CTL) - mannose binding.
441 | AAELO00S559 | glycosyl transferase

442 | AAEL000562 | conserved hypothetical protein

443 | AAELO00554 | fasciclin, putative

444 | AAELO14092 | conserved hypothetical protein

445 | AAELO14105 | hypothetical protein

446 | AAELO14110 | sulfite reductase

447 | AAEL0O03935 | conserved hypothetical protein

448 | AAEL0O03940 | hypothetical protein

449 | AAELO14125 | nk homeobox protein

450 | AAELO14128 | hypothetical protein

451 | AAELOO3971 | conserved hypothetical protein

452 | AAEL0O03959 | short-chain dehydrogenase

453 | AAELO14161 | amino acids transporter

454 | AAELO14163 | conserved hypothetical protein

455 | AAELO14183 | hypothetical protein

456 | AAELO0O3983 | adenylate cyclase
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457 | AAEL003979 | deadenylation factor EDEN-BP, putative
458 | AAELO14196 | conserved hypothetical protein
459 | AAELO03988 | hypothetical protein
460 | AAELO03986 | conserved hypothetical protein
461 | AAELO14222 | low-density lipoprotein receptor (I1dl)
462 | AAELO14229 | conserved hypothetical protein
463 | AAELO14237 | conserved hypothetical protein
464 | AAELO14250 | insect replication protein a
465 | AAEL004030 | conserved hypothetical protein
466 | AAEL0O04018 | conserved hypothetical protein
467 | AAELO14257 | hypothetical protein
468 | AAELO14268 | hypothetical protein
469 | AAELO14271 | conserved hypothetical protein
470 | AAELO14272 | molybdopterin cofactor sulfurase (mosc)
471 | AAELO14276 | conserved hypothetical protein
472 | AAELO14283 | conserved hypothetical protein
473 | AAELO14291 | hypothetical protein
474 | AAELO04055 | conserved hypothetical protein
475 | AAELO004076 | Ubiquitin-like modifier-activating enzyme 5 (Ubiquitin-activating
enzyme )
476 | AAEL004068 | hypothetical protein
477 | AAELO14302 | conserved hypothetical protein
478 | AAELO14306 | hypothetical protein
479 | AAELO14304 | hypothetical protein
480 | AAELO14318 | conserved hypothetical protein
481 | AAELO14314 | DNA primase
482 | AAELO14317 | conserved hypothetical protein
483 | AAELO14316 | conserved hypothetical protein
484 | AAELO14319 | hypothetical protein
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485 | AAEL004084 | conserved hypothetical protein
436 | AAEL004094 | pou domain
487 | AAELOO4104 | hypothetical protein
488 | AAELO14324 | conserved hypothetical protein
489 | AAEL004130 | conserved hypothetical protein
490 | AAELOO4129 | conserved hypothetical protein
491 | AAELO14341 | metallocarboxypeptidase, putative
492 | AAELO14342 | hypothetical protein
493 | AAEL004190 | hypothetical protein
494 | AAEL0O04178 | ribose-phosphate pyrophosphokinase 1,
495 | AAELO04172 | tubulin alpha chain
496 | AAELO04176 | microtubule binding protei, putative
497 | AAELOO4150 | fibrinogen and fibronectin
498 | AAEL0O04188 | conserved hypothetical protein
499 | AAEL0O04191 | selenocysteine-specific elongation factor
500 | AAELO14367 | hypothetical protein
501 | AAELO14373 | GPCR Dopamine Family
502 | AAEL0O14389 | conserved hypothetical protein
503 | AAELO00584 | sex-determining region y protein, sry
504 | AAELO005S89 | serine/threonine protein kinase
505 | AAEL0OO0058S5 | hypothetical protein
506 | AAELO17305 | odorant receptor
507 | AAELO014402 | conserved hypothetical protein
508 | AAELO14411 | cytochrome P450
509 | AAEL004234 | conserved hypothetical protein
510 | AAELO14428 | ABC transporter
511 | AAELO14431 | conserved hypothetical protein
512 | AAELO14441 | conserved hypothetical protein
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513 | AAELO04253 | hypothetical protein
514 | AAEL0O04300 | conserved hypothetical protein
515 | AAEL004302 | conserved hypothetical protein
516 | AAEL004296 | conserved hypothetical protein
517 | AAEL0O04317 | hypothetical protein
518 | AAELOO4315 | hypothetical protein
519 | AAELO04348 | NF-180, putative
520 | AAEL0O04328 | origin recognition complex subunit
521 | AAELO14524 | DNA replication licensing tactor MCM4
522 | AAELO14533 | conserved hypothetical protein
523 | AAELO14536 | embryonic ectoderm development protein
524 | AAELO014548 | Thioredoxin Peroxidase.
525 | AAELO14557 | homeobox protein cdx
526 | AAELOO4386 | heme peroxidase
527 | AAELOO4390 | heme peroxidase
528 | AAEL004399 | GPCR Glycoprotein Hormone Family
529 | AAELO17431 | hypothetical protein
530 | AAELO04388 | heme peroxidase
531 | AAELO04396 | GPCR Octopamine/Tyramine Family
532 | AAELO14572 | tetraspanin 97e¢
333 | AAELO17559 | hypothetical protein
334 | AAELO14577 | conserved hypothetical protein
335 | AAELO14589 | reticulocalbin
336 | AAELO0O4416 | histone deacetylase
537 | AAEL004443 | nitrilase, putative
538 | AAELO04437 | dual-specificity protein phosphatase, putative
539 | AAEL004429 | conserved hypothetical protein
540 | AAELO014627 | short-chain dehydrogenase
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541 | AAEL0O14633 | conserved hypothetical protein
542 | AAELO00604 | hypothetical protein
543 | AAELO00O601 | hypothetical protein
544 | AAEL004482 | conserved hypothetical protein
545 | AAEL004462 | hypothetical protein
546 | AAEL004468 | hypothetical protein
347 | AAEL004479 | organic cation transporter
548 | AAEL004486 | valacyclovir hydrolase
349 | AAELO0O4510 | hypothetical protein
550 | AAEL004493 | ribosome biogenesis protein tsrl (20S rRNA accumulation protein 1)
551 | AAELO17243 | hypothetical protein
552 | AAEL004518 | Clip-Domain Serine Protease family C
553 | AAEL0O04537 | hypothetical protein
554 | AAELOO4539 | hypothetical protein
555 | AAELO14693 | conserved hypothetical protein
556 | AAEL0O04559 | synaptosomal associated protein
557 | AAELO04562 | DNA polymerase eta
558 | AAEL004592 | tyrosine-protein kinase src64b
559 | AAEL004598 | hypothetical protein
560 | AAELO14744 | conserved hypothetical protein
561 | AAEL004627 | hypothetical protein
562 | AAELO04635 | hypothetical protein
563 | AAEL004638 | conserved hypothetical protein
564 | AAEL0O04645 | hypothetical protein
565 | AAELO004650 | hypothetical protein
566 | AAELO17478 | hypothetical protein
567 | AAEL004623 | band 4.1-like protein 5, putative
568 | AAEL004642 | hypothetical protein
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569 | AAELO14756 | hypothetical protein
570 | AAEL0O04680 | nuclear lamin L1 alpha, putative
571 | AAELO04698 | DNA primase large subunit
572 | AAELO04697 | synoviolin
573 | AAELO14791 | hypothetical protein
574 | AAELO14800 | conserved hypothetical protein
375 | AAELO14814 | conserved hypothetical protein
576 | AAELO17122 | hypothetical protein
577 | AAELO17102 | hypothetical protein
378 | AAELO14823 | conserved hypothetical protein
579 | AAELO14825 | conserved hypothetical protein
580 | AAEL014835 | conserved hypothetical protein
581 | AAELO04777 | Glycoprotein Hormone Family
582 | AAELO17453 | hypothetical protein
583 | AAELO04748 | pupal cuticle protein, putative
584 | AAEL0O04771 | pupal cuticle protein, putative
585 | AAEL004782 | pupal cuticle protein, putative
586 | AAEL014844 | conserved hypothetical protein
587 | AAELO00666 | pmp22 peroxisomal membrane protein, putative
388 | AAELOOO672 | cyclin a
389 | AAEL000664 | hypothetical protein
590 | AAEL000662 | conserved hypothetical protein
591 | AAELO000649 | conserved hypothetical protein
592 | AAELO00658 | conserved hypothetical protein
593 | AAELOOO675 | hypothetical protein
594 | AAELO04796 | hypothetical protein
595 | AAEL004789 | hypothetical protein
596 | AAELO04818 | conserved hypothetical protein
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597 | AAELO04805 | potassium-dependent sodium-calcium exchanger, putative
598 | AAEL004821 | potassium-dependent sodium-calcium exchanger, putative
599 | AAEL004842 | conserved hypothetical protein
600 | AAEL004837 | hypothetical protein
601 | AAELO04850 | hypothetical protein
602 | AAEL004835 | conserved hypothetical protein
603 | AAELO004858 | conserved hypothetical protein
604 | AAELO004841 | conserved hypothetical protein
605 | AAELO004882 | conserved hypothetical protein
606 | AAEL004892 | conserved hypothetical protein
607 | AAEL0O04864 | hypothetical protein
608 | AAEL014904 | DEAD box ATP-dependent RNA helicase
609 | AAEL014908 | conserved hypothetical protein
610 | AAELO14911 | synaptic vesicle protein
611 | AAELO17811 | RNase MRP
612 | AAELO14918 | lysosomal acid lipase, putative
613 | AAEL014924 | cytochrome P450
614 | AAELO14925 | conserved hypothetical protein
615 | AAEL004914 | conserved hypothetical protein
616 | AAEL004903 | conserved hypothetical protein
617 | AAELO14927 | sodium/chloride dependent transporter
618 | AAELO16998 | hypothetical protein
619 | AAEL0O14946 | protease U48 caax prenyl protease rcel
620 | AAELO14956 | internalin A, putative
621 | AAELO04955 | hypothetical protein
622 | AAELO04949 | elongase, putative
623 | AAEL004976 | conserved hypothetical protein
624 | AAEL004970 | conserved hypothetical protein
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625 | AAELOOS006 | cytochrome P450
626 | AAELOO5000 | conserved hypothetical protein
627 | AAELOO5007 | hypothetical protein
628 | AAELOO5009 | groucho protein (enhancer of split)
629 | AAELO14984 | adult cuticle protein, putative
630 | AAEL0O14986 | conserved hypothetical protein
631 | AAEL014992 | rab gdp/GTP exchange factor
632 | AAELO14989 | peptidoglycan recognition protein-1, putative
633 | AAEL005040 | conserved hypothetical protein
634 | AAEL0O05S033 | conserved hypothetical protein
635 | AAELO15011 | hypothetical protein
636 | AAELO006Y2 | partner of sldS
637 | AAELOOS078 | zinc finger protein
638 | AAEL005049 | heterogeneous nuclear ribonucleoprotein
639 | AAELOO5070 | conserved hypothetical protein
640 | AAELOO5087 | hypothetical protein
641 | AAELO15018 | toll
642 | AAELO15035 | transcription enhancer factor, putative
643 | AAELO15038 | palmitoyl-protein thioesterase
644 | AAELO15047 | hypothetical protein
645 | AAELO05123 | hypothetical protein
646 | AAELOO05110 | conserved hypothetical protein
647 | AAELOOS115 | hypothetical protein
648 | AAELOO5128 | hypothetical protein
649 | AAELO05103 | conserved hypothetical protein
650 | AAELOO5145 | conserved hypothetical protein
651 | AAELO15071 | gustatory receptor 64a, putative
652 | AAEL005212 | hypothetical protein
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