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Homing-‐based	  CRISPR-‐mediated	  gene	  drive	  

Construct cuts recognition site 
and serves as template for repair 



Op8mal	  interven8ons	  to	  eliminate	  malaria	  

Not possible! 

+

•  Walker PGT, Griffin JT, Ferguson NM, Ghani AC (2016) Lancet Global Health 



Public	  a<tudes	  to	  gene	  edi8ng	  for	  malaria	  control	  in	  Mali	  

 “I would have to see an example 
of modified mosquitoes reducing 
malaria in another village before I 
believe this claim” 

Elder, Tienfala, Mali 

 “You have to start somewhere. From 
this, people will know whether it’s good 
or bad… I would like you to conduct a 
trial in my village because I would like to 
be an example for another community.” 

Elder, Koporo-na, Mali 

•  Marshal JM, Toure MB, Traore MM, Famenini S, Taylor CE (2010) Malaria Journal 9: 128 



Can	  we	  conduct	  a	  confined	  field	  trial	  of	  gene-‐edited	  
mosquitoes?	  

Doneguebougou, Mali 

7 km 

Banambani, Mali 

Wild-type mosquitoes Gene-edited mosquitoes 



Modeling	  as	  data	  integra8on	  to	  address	  specific	  ques8ons	  

Inheritance pattern: 

Landscape: 

Disease epidemiology: 
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Mosquito life cycle: 



Mosquito	  Gene	  Drive	  Explorer	  (MGDrivE)	  



Applica8on	  to	  chromosomal	  transloca8ons	  
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•  Buchman A, Ivy T, Marshall JM, Akbari OS, Hay BA (2018) ACS Synthetic Biology 



MGDrivE:	  Transloca8ons	  with	  remedia8on	  



Applica8on	  to	  toxin-‐an8dote-‐based	  underdominance	  
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•  Akbari OS, Matzen KD, Marshall JM, Huang H et al. (2013) Current Biology 



MGDrivE:	  Toxin-‐an8dote-‐based	  underdominance	  



Homing-‐based	  gene	  drive	  with	  resistant	  alleles	  

Construct cuts recognition site 
and serves as template for repair 
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Accurate repair Error-prone repair 



MGDrivE:	  Homing-‐based	  gene	  drive	  with	  resistance	  



Extrapola8ng	  to	  more	  realis8c	  landscapes	  



•  Williamson DH, Harrison HB, Almany GR, Berumen ML et al. (2016) Mol. Ecol. 25L 6039-6054 

Fine-‐scale	  movement	  paNerns	  from	  parentage	  analysis	  



Intermediate	  movement	  from	  iden8ty	  by	  descent	  (IBD)	  

•  Ringbauer H, Coop G, Barton NH (2017) Genetics doi: 10.1534/genetics.116.196220.  



Ceratitis capitata 

Asian citrus psyllid Pink bollworm 

Drosophila suzukii 

Insect	  agricultural	  pests	  of	  interest	  











Ecological	  models	  for	  agricultural	  pests	  



Ecological	  models	  for	  agricultural	  pests	  



Spa8al	  habitat	  models	  for	  agricultural	  pests	  



Ques8ons	  for	  the	  group	  

1.  Which	  agricultural	  pest	  species	  would	  be	  of	  most	  
interest	  for	  gene	  drive	  applica8ons?	  

2.  Which	  crop	  species	  and	  geographies	  would	  be	  of	  
most	  interest?	  At	  what	  scale?	  

3.  What	  would	  the	  target	  product	  profile	  of	  the	  gene	  
drive	  system	  be?	  

4.  How	  could	  this	  strategy	  complement	  other	  
agricultural	  pest	  control	  techniques?	  
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