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Outline of Killer-Rescue System Results in Drosophila melanogaster

~ Mosquitoes are some of the most dangerous The killer and rescue alleles will be inserted at locations that segre- Genetically engineered D. melanogaster carrying killer and res-
; Pxomdland deadly animals in the world. Aedes aegypti gate independently. When transgenics are mated to wildtype mos- cue transgenes have been established based on the same sys-
Ay ‘% vectors zika, dengue fever, chikungunya, and guitoes their offspring will either inherit killer, rescue, or both. Those tem as described in mosquitos (Fig 7.).

| Ryellow fever that infect hundreds of millions of inheriting only the killer will die, and those carrying the rescue an- The'first step to testing K-R in D. melanogasteris to ensure
Fig 1. Aedes aegypti people each year. The zika epidemic is linked ti-pathogen will contribute to the next generation of mosquitoes. Gal80 (rescue) is able to repress Gal4 production. To test this, a
to severe fetal brain and birth defects including microcepha- Killer Rescue color repression experiment was conducted, using Gal4 driver
Iy. Genetic pest management u5|ng genetic engineering |S repressedbyGaI80\ /actinglatelarvalstages I|nes and effeCtOr I|neS W|th d red marker. When the I|neS W|th
an innovative form Of mOsquitO COntroI that can WOrk in com- autoregulatec‘lexpression > @ I < d red marker dare Crossed tO the GaISO rescue Ilne, the red COIOr
bination with current tools such as insecticides and mosquito Gal4 / \ Am'_pathogfenmp)gene should besd f G280 |snct|on|ng Gl RED
habitat removal. Gals0 | ~nnt UAS) - JCATEE- sy | piopA v | G Hei0RA il - "
S ‘ sl Tl core promoter "
S ..5,-/ \_5_ Gal4 binding site p apoptotic gene micatelarval promoter
= J 1 N |
. s it internal ribosome entry site for expression of Michelob-x
= \ / Fig 7. Details of K-R system. Autoregulated Gal4 will lead to expression of lethal genes and death i
— r | % unless rescue is also present in which Gal80 will repress Gal4 and lethality. When mosquitoes in- A5 b . |
= 2&3'N b th halv that can Fg 4 M o Vi herit both transgenes they also pass on the anti-pathogen gene. When they inherit only the killer, S el T —
ig | : jw cglr;: W|d .mlcro;:ebp f;\yd fa ::auses t|g -Mosqui ov||rus they die. Fig 13. Left panel: Pupae under white light. Middle: Top pupae inherited only
>everely reduced head siz€ ahd brain detects ransmission cycie Gal4-red and bottom pupae inherited Gal4-red and Gal80-green. Right: Bot-
o tom two pupae Gal4-red production is repressed. Gal80 rescue (green) suc-
Ba @ kg roun d M ate rld I Sdn d M et h Od S cessfully represses the production of the red marker from the Gal4 driver line.
Mosquito genetic pest management can be used for several  Killer and Rescue constructs (Fig 7.) were designed in MacVector and After conﬁ.rmlng Gal80 repression of G?M' the final K-R system
goals, one of which is population replacement. To achieve this,  built with traditional cloning, genomic DNA extraction, promoter isola- was established together in the ﬂ|e§ (F'g 14.). The Gal4 killer is
mosquitoes are genetically engineered to carry anti-pathogen  tion from Aedes aegypti, PCR, and gel electrophoresis. The constructs were SO strong that the rescue by Gal80 is incomplete, thus some
genes that will be spread through releases of transgenic mos-  built in the transposable element vectors PiggyBac and pMos. flies carrying K a.nd Rdo not survive to adu!thood.The flies are
quitoes carrying a gene drive system. e unable .to make.lt ou.t of their pupal case (Fig 15.). Hovyever,
Population Replacement f some flies carrying killer and rescue are healthy and viable, and
produce offspring to contribute to the next generation.
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Fig 14, Trgeic adult female un- Fi 15. Flies unable to completely eclose from

Fig 8. Killer Rescue (K-R) system based Fig 9. Size of
on the transcription activator Gal4 (kill-  mosquito egg.
er) and repressor Gal80 (rescue).

200
[ ]

Fig 10. Needle for micr0|jections

N and embryos lined up for injecting. der white light and UV light. Female pupal casing die while trying to emerge. These
Time After Release After completing killer and rescue DNA constructs, Aedes aegypti embryo is carrying Gal80 rescue (green) and flies are positive for Gal4 killer (red) and Gal80
Fig 5. Population Replacement after releases of transgenic mosqui- Gal4 killer (red). rescue (green not shown).

injections (Fig 10.) and screening for positive transgenics was accom-

toes carrying an anti-pathogen gene.

Objective plished at the Insect Transgenesis Facility at NCSU. | Su mma ry & Concl SIOnS |
T TP S ey F———T e rCp—— p— Results in mcsquito Aedes aegypti - Killer and Rescue lines have been established in Ae. aegypiti
onstruct a gene drive system for mosquito population replace . . . . . and D. melanogaster.
mer?t in Aedes ae.g)./ptiand.Drosophila melanogaster (model or- Genetically englqeered mosquitoes carrying k|IIe|.r and rescue transg.enes . The production of Gal80 (rescue protein) has been confirmed
ganism used for inital testing of system). have been established baseq on the system described .above. Both killer . Gal4 is lethal in D. melanogaster : Flies carrying only the killer
This system, named Killer-Rescue, consists of two engineered and rescue constructs contain the Hsp83 Aedes aegypti promoter marker don't hatch or die as young larvae
constructs: (1) KiIIer.and (2? Rescue ’Fhat are present on inc?le- (Fig. 10) that is brightly visible in full body from hatch to adult. Mosqui- . Gal80 rescue is incomplete in D. melanogaster, but the system
pe.nden.tly segregating loci. The anti pathoge.n (when available)  toes Farrylng the rgscue are making Gal80 RNA, confirmed by RNA ex- could still work as a gene drive.
will be linked to the rescue. The system functions as a gene traction and PCR (Fig 14.). - The results of the final gene drive experiment will determine:
O!HVe becausg only mosqgltoes inherting the rescue, with an- Gal4 - R —If there are any fitness costs to carrying the rescue alone
tl—pathogen inked, contr.lbute to the next .generatlon of mos- ler: [UASE - /& B —When the killer is present alone if the mosquitoes/flies die
qm.toes.The.re are 9 possible genotypes (Elg 6.), onI.y some of Galgo r R — —When the killer and rescue are both present the rescue
which are viable. The rgleases of transgenlc. mosquitoes will be OSCUS Jas] mmip-[ G N d £t nullifies the toxic effects of the killer and the insects survive
homozygous for the Killer-Rescue genes (Fig 7. e B o i e, b e e oy + The final goal is: once an anti-pathogen s available it can be
- %% (R %% e %ﬁ % ﬁ moter for full body mark.ere>.<pression.is used for l?oth killer and rescue rescue gene of interest (Gal80) expressipn linked to the rescue construct and spread through the popula—
Il - l constructs. The larvae with killer (red) is also carrying the rescue (green). in fourth instar larvae guts and full bodies. . . .
L il il Final experiment is to set up a cage trial for the gene drive. The goals of tion using the K-R system described here.
i %% o %6 e %% , the experiment are to demonstrate:
o %% S . d% QJ o (1) The rescue alone does not present fitness costs for the mosquito Ackn owledqements
(2) When the Kkiller is present alone the mosquito does not survive Thank you to the Genetic Engineering and Society (GES) Center for support

throughout this research. Thank you to the University of Maryland Insect Trans-

Fig 6. (left) and Fig 7. (right) Possible genotypes after releases of K-R matings with wild- (3) When the killer and rescue are both present in the mosquito, the res- _ , S S
formation Services as well as Zach Adelman and Azadeh Aryan for training in

type population. Offspring that inherit only K alleles will not survive and those inherting cue nullifies the toxic effects of the killer : L
K&R or R alone will survive and drive the anti-pathogen through the target population. ' mosquito embryo injections.




