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Overview

 What is a gene drive?

* Gene drives being developed

e Gene drives for malaria control as a paradigm — Target Malaria
* |ssues Arising

* Pathways of Development



What is a “Gene Drive”?

“any genetic element that is able to bias its own
inheritance among offspring”



Natural Examples of Gene Drives

* Transposable elements

e Sex distorters

* Homing endonuclease genes (microbes)



Gene Drives being developed or considered
for population control

* Sexually reproducing species
* Short generation times
* Need? — case by case basis

Drosophila suzukii Invasive Rodents osquito Vectors of Disease

Fruit pest



Malaria is a disease transmitted by female
mosqguitoes
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* Roughly 200 million malaria cases and an estimated ~450,000
malaria deaths every year

* 90% of deaths are in sub-Saharan Africa

e More than two-thirds of deaths are in children under 5



Human malaria is transm|tted only by female Anopheles mosquitoes

d‘ ER " —— e

I VS o
-~ e~

"'

2 superpictus ; : ;
p——— pulcherrimus )s'ne"s's
lay - — A fluviatilis '

S anthropophagus

funestus and arabier

Nrogepecd and gambiae || Ao Anopheles gamb|ae . Y & Minimus
alblmam'lsnl}neztovari Lt o ‘( ifacies
' mel i - S ndalcbs

" annulans'b 4 d|

3 nctulatus grou

maculatus A pu group

flavirostris 7 .\; I:'g?‘,}
¥ R N

pseudopunctipennis barblrostnsC y o

5" x Dt 4 ) fafau‘ll

Anopheles k g
No vector - barbirostris ¢ funestus and arabiensis ‘ melas - pulcherrimus

- albimanus - culicifacies © funestus, arabiensis and gambiae s.s. - messeae - quadrimaculatus
annularis - darlingi @ funestus and gambiae s.s. @ minimus - sacharovi

@ anthropophagus @ dirus - gambiae s.s. & multicolor @ sergentii

- arabiensis ' farauti - gambiae s.s. and funestus - nunez-tovari - sinensis

- arabiensis and funestus ‘ flavirostris labranchiae ¢ punctulatus group - stephensi

@ aquasalis @ fuwviatis  @P maculatus - pharoahensis @ sundaicus

atroparvus & freeborni  marajoara - pseudopunctipennis - superpictus Kiszewski et al 2004




A targeted approach
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Targeting these mosquitoes can HELP S AVE many of the

595,000

The vast majority of which

are Children ))

people who die from malaria
in Africa EVERY YEAR




(Partially) successful vector control

Indoor Residual Spraying
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Vector control is our most effective tool

1 million deaths
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Indoor spraying
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(Partially) successful vector control

Indoor Residual Spraying

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

Lack of specificity — ecosystem damage

Screensl Bednets SRS bt Insecticide Resistance

Toxicity

- D|ff|cult to access all types

of vector habitats

Fumigation




New Control Approaches Are Needed

Im

Malaria
Deaths

450,000

Anopheles
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Factors that make a mosquito a good malaria vector?

Anopheles gambiaegenome

FACTORS: Genetic component: SRS

Host feeding behaviour v Genome

Gene knockdown -
RNA interference

Mosquito susceptibility

Inject into body
dsRNA cavity

Mosquito lifespan

Gene knockdown

Mosquito density

X X X

Habitat preference

Transgenic Expression

GM mosquitoes



Genetic control —
using insects to do the work
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Elimination or reduction of a wild vector Replace a pathogen-susceptible vector

population population with pathogen-resistant insects

* Released insects do the hard job of finding difficult to reach insect niches
» Species-specific
* Non-toxic



How do you transform a whole population in
a meaningful timeframe?

- Resistance to parasite

- Insecticide susceptibility
- Behavioural change

- Sterility

VA

Frequency of gene remains low.




How do you transform a whole population
N 3 ﬂeaniwgful tlmeframe?
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How do you transform a whole population in
a meaningful timeframe?

Gene of interest

GENE DRIVE:

A genetic element
causing biased
inheritance of itself
among offspring.
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What is a “Gene Drive” for population
control?

“any genetic element that is designed to bias its own
inheritance among offspring and spread in a
population, conferring on it some desirable trait”



Not all Genetic Control of Insects is Gene Drive
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Gene Drives in Nature - Homing Endonuclease Genes

A class of selfish genetic element found in some primitive single celled organisms

o
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Target DNA gene”
sequence
Production of Cutting at target Repair using intact
endonuclease site chromosome as

template



CRISPR-Cas9 Gene Drives
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CRISPR-based Gene Drives
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Gene drives can spread genes that suppress or modify a
mosquito population
Target a precise genomic location

target site
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Gene drive spreads in a cage population
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Hammond et al. Nature Biotech 2016

This is the first time a synthetic gene
drive has been shown to target a
natural gene and spread through a
population.

27



Questions arising with gene drives

Resistance

Ecological and biodiversity effects
Step by step development pathway

Community and Regulatory Acceptance



Questions arising with gene drives

Resistance



Resistance to nuclease gene drives?

Target site

Variant
sequence

Target site variants could be resistant to endonuclease cleavage and thus not susceptible to drive.

If these variants confer improved fitness in the face of the gene drive then they could be selected



Monitoring of Resistance to Gene Drive
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Technologies susceptible to resistance

—

e Antibiotics
o Gains to Public Health are
* Insecticides - : .
not In questlon
* Vaccines

—

e Nature of resistance is foreseeable

* \Various strategies exist to reduce likelihood of
resistance IN ADVANCE

e Gene Drive




Frequency of individuals with dsxFCRISPRA
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Targeting highly conserved targets —
population crash, no resistance
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Questions arising with gene drives

Ecological and biodiversity effects



Ecological effects

e Goal is malaria suppression & elimination; not An. gambiae
extinction

e An. gambiae is small fraction of invertebrate biomass

e ~3500 named species of mosquitoes (837 in Africa)
e Strongly associated with humans
e Not a 'keystone' species
e Not known to be specialist pollinator

e |argest ecological effect may be through reduction in human
malaria (i.e., same as bednets, etc.)

e More work needed



Questions arising with gene drives

Step by step development pathway

Community and Regulatory Acceptance



Gene drive- emerging policy guidance and

existing frameworks for testing
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Genetically Modified
Insects

National Academies of Science

International / Regional / National

World Health Organizatio

Guidance framework
for testing of
genetically modified
mosquitoes
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Phased technology development

Self sustaining
male bias &/or
female fertility

Sterile male — Self limiting —
self limiting male bias

* GM, sterile * GM, fertile * GM, fertile
* No gene flow * Gene flow * Gene flow
* NO gene drive * With gene drive
e Potential long-term and
Target Malaria proceeded with sustainable impact on
a small-scale release of malaria-mosquito numbers

genetically modified sterile

male mosquitoes in Bana, a
village in Burkina Faso -f!./\AAIl_!El%}; _
Posted July 1, 2019 by Abdoulaye Diabate & filed under Blog.
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summary

Gene drives can be designed to suppress or modify populations

Gene drives are a species-specific type of intervention

Merits and suitability of a gene drive program must be decided on a case by case basis
Most examples of genome editing using CRISPR are not gene drive

Implementation of a gene drive program requires more than just molecular biology
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