Feldman lab,

Stanford University, January 2011 Imperial College
London

Genetic engineering of
local populations

John M. Marshall

Department of Infectious Disease Epidemiology, Imperial College London, London, SW1 PG, UK

Female-specific
antidote

Male

TT T | Tt Tt
3 7

ﬁh'?“tﬁ-.t:t
=




Using selfish genetic elements to
spread refractory genes
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< 100 Arhis causes the death of all offspring of
§ 80 heterozygous mothers that do not inherit
& 80 the Medea allele (tt).
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Medea has been engineered and shown
to spread in laboratory populations

Initial population is
50% wiltdype &
1- 50% heterozygous for Medea

Almost all transgenic
within 20 generations
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The Cartagena Protocol and genetically modified

]
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AThe Cartagena Protocol:

Arundamental document of the
United Nations governing the
transboundary movement of
GMOs.

A\ literal interpretation of the
Protocol suggests that a release of
GM mosquitoes with invasive gene
drive systems would require a prior
multilateral agreement between all
countries that the mosquito
species inhabits.

Arhis is a difficult requirement in
the context of Zambiad 8002 ban on
GM food aid.
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Grand Cayman

Battleground. A town close : EastEnd @
to the eastern tip of Grand Cayman
was home to the world’s first known
release of transgenic Aedes aegypti
mosquitoes.
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Population
suppression
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Reducing Plasmodium falciparum Malaria Transmission
in Africa: A Model-Based Evaluation of Intervention
Strategies

Jamie T. Griffin', T. Deirdre Hollingsworth’, Lucy C. Okell’, Thomas 5. Churcher’, Michael White', Wes
Hinsley', Teun Bousema?, Chris J. Drakeley?, Neil M. Ferguson', Maria-Gloria Basanez', Azra C. Ghani'*
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Homing endonuclease
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Potential release sites for mosquitoes
with confineable gene drive systems

Sao Tome & Principe

Nsadzi Island, Lake Victoria, Uganda

Mafia Island, Tanzania
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Perspectives of people in Mali toward
genetically-modified mosquitoes for malaria

control

John M Marshall*!, Mahamoudou B TourgZ, Mohamed M TraoreZ, Shannon Famenini3# and Charles E Taylor?#

A Public attitude surveys in
Mali suggest that people would
like to see a successful
confined trial before
accepting a release:

Al would have to sece
modified mosquitoes reducing malaria
In another village before | believe this
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72-year-old man, Tienfala, Mali



Are there gene drive systems that can be
localized to individual populations?
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Possible Use of Translocations
to fix Desirable Genes in Insect Pest

Populations
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Engineered underdominance
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Possiblilities for single-construct gene drive

Transgenic fathers

produce toxin \

A\dvances in genetic
engineering allow the
creation of a variety of
maternally, paternally
and zygotically-
expressed toxins and
antidotes.

ACombinations of these
can be used to create a
variety of transgene
inheritance patterns.
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Q1. What are the general
requirements for gene
drive to occur?

Q2. Are there single-

construct gene drive
systems that have not
yet been considered?



Mathematical formulation of the problem

ANe use a simple difference equation framework to model the spread of a gene
drive system through a randomly-mating population.

w = Proportion of the k-th W, = Proportion of the (k+1)-th
generation that are TT generation that are TT
\ | 17 Tt tt
]

L

v, = Proportion of the k-th §

generation that are Tt

V.1 = Proportion of the (k+1)-th
generation that are Tt

u, = Proportion of the k-th C,, €Gqy =14 ways u.,, = Proportion of the (k+1)-th
generation that are tt offspring from generation that are tt
parental crosses may
be rendered unviable
(1: viable, O: unviable)
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Mathematical analysis

AGenotype frequencies must be normalized following this calculation. We account for
fitness costs associated with the construct at this point:

Uy = U,y /(B + %, (1- D9+, (1- 5)
Vien = Etﬂ(l_ /(lEﬂ +\€+1(1' hS) + \Et+1(1_ S))
/(Eﬂ +\§+1(1' hS) + \Eul(l' S))
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hs = Fithess cost associated s = Fitness cost associated
with being heterozygous with being homozygous
for the construct for the construct

AUsing this framework, the dynamical properties of a variety of gene drive systems
can be analyzed.:

A quilibria/stability analysis can Aumerical iterations can
inform general principles: describe individual systems:
for k = 1:1000
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General principles

Strong condition for
allele fixation

Gene drive systems can be divided into 3

categories, based on their dynamics:

A Spread to allele fixation in the
presence of a fithess cost,

A Spread to transgene fixation in the
presence of a fithess cost,

A Spread to allele fixation in the
absence of a fithess cost.

Tt offspring of
crosses between Tt
males and TT females
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Any gene drive construct having a fitness cost
<50% will spread to allele fixation above
a certain release frequency provided that:

A Crosses between either TT males and Tt
females or Tt males and TT females
produce no viable Tt offspring; or

A All offspring of crosses between TT and
tt individuals are unviable.
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Strong condition for
transgene fixation

Weak condition for
allele fixation

In most cases, transgene fixation (loss
of wildtype individuals) will occur if:

A The strong condition for allele
fixation is not satisfied; and

A tt,, offspring of crosses between Tt
males and Tt females are unviable.
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In the absence of a fithess cost, allele
fixation will also occur if:

A TT,and TT; offspring of parental
crosses between TT and Tt
individuals are viable;

A Tt and/or tt offspring are rendered
unviable in at least one parental
Cross.
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Semele
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ANamed after Semele
from Greek mythology
and SEMEn-based
LEthality.

Aan all-male release
results in population
suppression (GM males
kill wild females).

B\ release including
females results in gene
drive (GM females are
favored at high population
frequencies).

MRelease threshold =
36.4%:
A scapees are
unlikely to persist.
Aan isolated release
may be confineable.



