
  

 Le forçage génétique 
ou "gene drive" : 

état des lieux et enjeux 
associés

à cette nouvelle biotechnologie
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jellyfish Aequorea
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Fundamental research is important

1992

bacteria Thermus aquaticus
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to amplify DNA1969
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2012

Restriction enzymes
To cut DNA1970

bacteria Haemophilus influenzae
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Division cellulaire (mitose)

Reproduction normale
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Comment une cassette gene drive 
se recopie



  

Rode et al. 2019



  

Potential applications of Gene Drive

Rode et al. 2019



  

First gene drive organisms
Science, April 2015



  

PNAS, November 2015

Mosquitoes without parasites

antibodies
anti-parasites



  

Sterile mosquitoes

Cas-9 guide

genome

gene required for 
female fertility

 Nature Biotechnology, décembre 2015



  

Two advanced gene drives

Drosophila suzukii
Invasive pest species

Anopheles mosquitoes
Vector of malaria

Scott et al. 2018
https://targetmalaria.org



  

What is novel about gene drive?

several DNA pieces assembled together
Eukaryote cis-regulatory regions with bacteria coding regions

Manipulates 2 pillars of evolution
- mutation
- transmission
(selection) 



  

Résistance aux antibiotiques
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What is novel about gene drive?

several DNA pieces assembled together
Eukaryote cis-regulatory regions with bacteria coding regions

Manipulates 2 pillars of evolution
- mutation
- transmission
(selection) 

Potentially more effective than other biotechnologies
- ease of use
- speed of change
- unprepared regulatory environment



  

What are the risks?

Molecular off-targets

Propagation to non-target populations

Propagation to non-target species

Consequences for ecosystems

Failure of counter-measures
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The risk of gene drive
contaminating 

a non-target species

Courtier-Orgogozo, Danchin, Gouyon and Boete - BioRxiv



  



  

Risk of hybridization

Drosophila suzukii
Invasive pest species

Anopheles mosquitoes
Vector of malaria

D. subpulchrella India, South East Asia, China, Japan
D. pulchrella India, South East Asia, southern China

temperate
tropical

An. gambiae s.s.
An. arabiensis
An. coluzzii
An. amharicus
An. melas
An. merus
An. bwambae
An. quadriannulatus 



  

Risk of horizontal transfer
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TRENDS in Genetics

Hotopp 2011

Size of transferred DNA
several kb
up to 150 kb in plants 
(Dunning et al. 2019) and 
animals (Inoue et al. 2017)



  

Genetic plagiarism 
of body color in aphids

Moran and Jarvik 2010 Science 



  

Genetic plagiarism 
of body color in aphids

Carotenoid biosynthesis enzymes transferred 
also from fungi to the two-spotted spider mite

 (Altincicek 2012)

Moran and Jarvik 2010 Science 



  

Transposable
Element 

Gene 
drive

Homing
endonuclease

Many per genome

Cuts and inserts itself 
at multiple sites

Have mechanisms to 
integrate into DNA

One per genome

Cuts and inserts itself 
at a target site

One per genome

Cuts and inserts itself 
at a target site

Rate of Horizontal Transfer

0.035 events per TE family 
per million years between 
3 Drosophila species 
(Bartolomé et al. 2009)

Unknown
cox1: 70 events in 165 
plant species (Sanchez-
Puerta et al. 2008)

Unknown



  



  

Drosophila, Mosquitoes  Insects/Diptera   →
       Mice  Mammals →



  

CRISPR-guide RNA can cut DNA in other species

Sample of BLAST hits

(...)



  

Possible 
scenario for 

insertion 
in a distantly 

related species



  



  

0.5-0.7

In a worst-case scenario

One 
hybridization 
event per year

1

1

High levels of homologous 
recombination in the non-
target species

1

Resulting risk of contamination: 0.5 per year



  

Gene drives: good or bad?

Potentially less efficient than 
expected (resistance via 

mutations in the target site, 
cryptic species)

May eradicate 
diseases and pest species

Less expensive than other 
methods

An uncontrolled system 
released in the wild

Impact on other species and 
ecosystems not quantified

Potentially faster than other 
methods

Potentially more powerful 
than other methods
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Need to stop a drive? Use another one!

Nature Biotechnologies, février 2016


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40

