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What is a Gene Drive?

NORMAL GENE DRIVE
INHERITANCE

+

. “any genetic element that is able to bias its
% |h| own inheritance among offspring”
° [ ]
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What is a Gene Drive?....cont'd

Mendelian Inheritance Gene Drive Inheritance

0000000000000 . ([) 0000000000000 .
0000000000000 - [‘Q["]“’..“’ o

r 1T 1T 1 3 1 3 1 3 L 1 Generation 3
0000000000000
~YYrYrYySr Yy ooooooooooooo S
0000000000000 -
a Can transform an entire population in a few generations § 05
I IJ ! ' ,.I_l e Frequency of gene remains: low.
CEY - 18| “0 10 20 30
| i I - |I E“ Generations
L s
I" I_l\ '_'-..l o w @ m
N | '\II_,' — Germrations
®
)]
o
[ ]
‘e @

ISO 9001:2015 certified



:hy

ISO 9001:2015 certified

How does a Gene Drive Work?
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Gene Drive Systems Occurring in Nature

* Sex chromosome drive

* Transposable Elements

* Homing-based Gene Drive Elements

* Killer-rescue (e.g. MEDEA)

* Underdominance

* Cytoplasmic incompatibility (e.g. Wolbachia)

A good re]\éiQe(vzv(:)]Cék)]omper et al. Nature Reviews Genetics volume 17, pages1 46—
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https://www-nature-com.iclibezp1.cc.ic.ac.uk/nrg

Current Applications of Gene Drives

controlling
Immunising gene drives
animal reservoirs and transgenes threatened

Speculatively....many options:

Most actively researched:
Controllin Controllin . .
GENE DRIVES masive 1) Control of Invasive Alien

disease . species

7,’ \ New tools S .
‘ for ecology /\t peCI eS

Nontoxic Sustainable

S 2) Control of Vector-borne
Dieseases

of disease species

AGRIcULTURE
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Burden of Vector-borne Diseases

Mosquitoes (various species):
chikungunya, dengue, Japanese encephalitis, |
lymphatic filariasis, malaria, yellow fever,
ka virus disease,
Rift Valley fever, West Nile fever

murine typhus,
plague Flies (various species):
onchocerciasis, human African
trypanosomiasis

Mites and lice:
rickettsialpox,
typhus

—

Triatomine bugs:
Chagas disease

Ticks: borreliosis (Lyme disease),
Crimean-Congo haemorrhagic fever,
tick-borne encephalitis, hus "
JAVARESS, Ky Sandflies: the leishmaniases (cutaneous,
mucocutaneous and visceral)

Snails: schistosomsasis

RISK - BURDEN - MORTALITY

80% of the world's population is 17% of the global burden of Over 700 000 deaths are

caused by vectorborne diseases

at risk of one or more vector-borne communicable diseases is due to I
annually

disease i vector-borne diseases

*thi
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o O Global Vector Control Response 2017-2030
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Global Distribution of Vector-borne Diseases

Malaria
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Dahmana, H. and Mediannikov, O. (2020)



Vector Control Tools

P\ | ?
i .|, Vector control dominated by Vector control predominantly
! = environmental management insecticide based J

Discovery
of DDT in
early 1940

Concept of “species

Pan-American Sanitary

sanitation” using Bureau Aedes ©
f | eg. fogging
environmental management ; rom large largely reactive
developed in Malff‘la and Wide scale use of rear:rslrgﬂmental management, and to
ndonesia environmental larvicide, later IRS) "| control viral
management : epidemics

and larviciding

e.g. Zambian Copperbelt,
Tennessee Valley @

Further development of

against y.ﬂ.fllc_w fever GMEP using IRS traps and targets
and malaria in Cuba partially successful e.g. Tiny Targets for
and Panama (Gorgas) but later abandoned Gambian HAT
(1969)

Eliminati

al of

Early envir

management malaria from USA
i tal
Earl against sandflies using environmen o )
vec{or e.g. sealing wall cracks management Clinical trials
control and IRS of ITNs

®

Elimination of malaria
from Europe using
environmental management

Mode of
transmission

of malaria and against
other VBDs yellow fever and and later RS largely using IRS
identified malaria in
(environmental
management
and larviciding) IRS for Leishmaniasis Major
control e.g. India, reduction
Bangladesh, Nepal in malaria in

Game destruction,
bush clearing and early
traps/targets for
tsetse control

Ground and aerial
spraying of insecticides
for tsetse control

Africa using
Near elimination of ITNs and IRS
onchocerciasis
from West Africa
(larviciding)
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*1hy

‘e 0® Wilson, A.L. Et al. (2020)
ISO 9001:2015 certified




e
Malaria Vector Control, 2000~15
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(Partially) Successful Vector Control

N

or Resmual Sp
>

Only active against those
mosquitoes that bite indoors, |
at night

Lack of specificity — ecosyste

m damage

Insecticide Resistance

g -

Difficult to access all

B types of vector habitats | Lss
- ;
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What Makes Mosquitoes Good Vectors?

FACTORS:

Host feeding behaviour
(human biting preference?)

Vector susceptibility
(immunity to parasite?)

Vector longevity
(sufficient time for parasite to
develop?)

Vector density
(high reproductive rate?)

Habitat preference

(frequency of contact with human N
host?) AN
° (preference for man-made N
o Il‘ll habitats?)
e O ¢
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Mosquitos' ability to transmit malaria is genetically
determined....cont'd
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Population

Genetic Control —
Using Insects to do the Work

T Insects with

altered genetic
characteristics

e

Population

Population suppression
Elimination or reduction of a wild vector population

Wild type

Population replacement/modification  ''™¢

Replace a pathogen-susceptible vector population with
pathogen-resistant insects



Questions Arising with Gene Drives

« Resistance

 Ecological and Biodiversity Effects

« Containment

« Community and Regulatory Acceptance
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The phased pathway to deployment

| large ! large
\ indoor | | outdoor >
E cage EE

Powvogprooeod biwewange eoees

Laboratory . >, Large-scale Post-implementation
studies releases open releases surveillance
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Who works on Gene Drive Mosquitoes in Africa?

Works on gene drive

mosquitos in Africa

:ihy

ISO 9001:2015 certified



Conclusion

Gene Drives have great potential for
control of Vector-borne Diseases
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