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What is gene drive? 

Gene drive: inheritance bias for 
a specific genotype 

(most common in diploid organisms during 
sexual reproduction) 

circumvention of Mendelian 
patterns of inheritance 

(random segregation) 
Prof. Dr. OttoWilhelmThomé 

Flora von Deutschland Österreich und der Schweiz. 

Gregor Mendel 
1822-1884 



 

  

What is gene drive? 

Drive mechanism: underlying biological drive feature 

Drive system: final synthetic product that achieves 
inheritance bias 



Genetic phenomena 

What are possible gene-drive mechanisms? 

‘chromosome mechanics’ 
competitive displacement 
reduced heterozygous fitness 

under-dominance 
hybrid sterility 

Underdominant system (Adapted from Davis et al 2001) 

Promoter B Lethal Effector Suppressor A Desirable gene 

Promoter A Lethal Effector Suppressor B Desirable gene 

 

  

  



 

 

 
meiotic drive 

What are gene-drive mechanisms? 

segregation distorters (SD) 
gene conversion 

DNA-break induced repair 
nuclease-mediated 

Gantz and Bier, 2015 



 
   

   

 
Infectious and infectious-like agents 

What are gene-drive mechanisms? 

extracellular and intracellular symbiotic microorganisms 
viruses 
cytoplasmic incompatibility (Wolbachia species) 
paratransgenesis 

Transposons 
conservative 
replicative 

Atkinson and James, 2000 



  

     
   

    
  

  
 

  
   

What are some useful concepts? 
Endogenous: 
Genetic or epigenetic element originating from or common to the wild-type of the 
species of interest 

Exogenous: 
Genetic or epigenetic element not originating from or common to the wild-type of 
the species of interest 

Vertical transmission: 
Genetic or epigenetic element passed from 
parent to progeny (germ cells, fomites) 

Horizontal transmission (transfer): 
Genetic or epigenetic element passed from one 
organism to another (same or different species) 



  

 
    
    

Genotypic and phenotypic consequences: 
What are the genetics of ‘conversion-like’ drive? 

Mendelian inheritance Gene drive 

50% 

! 

I, C:  alternate alleles 
I:    dominant 
C:  recessive 

Test cross 

X X 

50% 

All I/I 

? 



  
 

 

 

   What are the genetics of gene drives? 
Cytoplasmic incompatibility 

Different types of crosses need to see evidence 
of other mechanisms: 

competitive displacement 
reduced heterozygous fitness 

under-dominance 
hybrid sterility Uni-directional 

extracellular and intracellular symbiotic microorganisms 
viruses 
Wolbachia species 
paratransgenesis 

Bi-directional 



 
   

   

   

 
     

   
    

 

Autonomous systems (also known as ‘autocatalytic’): 
What are some gene-drive system features? 

carry all the genetic information needed to self-mobilize or cause an inheritance 
bias tightly-linked in a cis configuration as part of a single construct 

Gantz et al., 2015 

‘Split’ systems (physical, temporal separation): 
components are at separate loci on homologous 
or heterologous chromosomes, only function 
when all components are in the same cell 

Nobel et al., 2019 



   
 

  
 

   

 
   

  
   

  

Low (no) threshold dynamics: 

What are some gene-drive system features? 

single releases of small numbers of 
gene drive organisms result in every 
organism in the population carrying 
the drive system 

High threshold dynamics: 
gene-drive organisms must be 
released above a minimal frequency 
in relation to the target population 
(either by one-time releases of 
larger numbers of mosquitoes or a 
by succession of serial releases) 

% GD+ 

Time (generations) 

% GD+ 

Time (generations) 



What are some gene-drive system features? 

Non-limiting: % GD+ 

Gene drive organisms intended to 
persist in the environment 

Time (generations) 

Self-limiting: 
Gene drive design features cause it to % GD+ 

be lost from the population 

 
 

   

 
  

Time (generations) 



   

    

      
    

   

How do you make an autonomous Cas9 drive system? 

Cas9 nuclease ‘guide’ RNA Homology Arms 
endonuclease 23 nucleotides in length 1-2 kilobases in length* 

chromosome target locus 

HA Cas9 gRNA HA 

plasmid 

*Homology arms as short as 100bp have worked with 
cargoes (≤5kb) in Drosophila melanogaster if the primary 
construct is linearized in vivo (Kanca et al., 2019)

Images courtesy of V. Gantz and E. Bier 



     How does an autonomous Cas9 drive system work? 
Primary integration into chromosome 

Cas9 gRNACas9 gRNAHA HA 

Images courtesy of V. Gantz and E. Bier 



     How does an autonomous Cas9 drive system work? 
Gene drive (interchromosomal) 

Cas9 gRNACas9 gRNA 

Images courtesy of V. Gantz and E. Bier 



  
  

 

  

Introduce favorable traits into populations 
What can gene drive be used for? 

Photo: Scott Bauer 

Population suppression 

Population replacement 
(modification/alteration) 

E.F. Knipling C. F. Curtis 

Likely to work best in organisms with short life cycles 



  

 

 

Invasive species 
What are possible Environmental/Ecological merits? 

Fish in lakes 

Rats on islands 

Mosquitoes in Hawai’i 

Plants 

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiLv5KTkMvMAhVDQSYKHXerDQwQjRwIBw&url=https://weather.com/science/nature/news/invasive-giants-rats-return-florida-keys-20140603&psig=AFQjCNHjT0QvUP7jKcI9u4QAYQ2I9bLKiw&ust=1462819156386662
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjuqYT2j8vMAhXDwiYKHR5iB-IQjRwIBw&url=https://www.audubon.org/magazine/november-december-2015/6-horrifying-bird-plagues-and-how-stop&psig=AFQjCNGvJDfXReZBpwMaoqULffrc54ts9A&ust=1462819095411351
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjMlcvRr83MAhUK5CYKHXDoD2cQjRwIBw&url=http://www.nps.gov/yose/learn/management/invasive.htm&psig=AFQjCNF3vKG1nt4ubB0N1xXOt7GRTDzMKA&ust=1462896328203927


  

  

 
 

 

What are possible Agricultural merits? 
Favorable traits Pest species 

Disease resistance Cotton: Pink Bollworm 

Yield increases 

Pectinophora gossypiella 

Disease resistance Citrus: Mexican fruit fly Many: 
Anastrepha ludens Drosophila suzukii 

Cattle: Screw worm Nutrient/habitat diversity Cochliomyia hominivorax 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjOqrOvk8vMAhVLPCYKHf0GAQ0QjRwIBw&url=http://www.rodalesorganiclife.com/garden/common-plant-diseases&psig=AFQjCNFMUhLJ4Jzu4fFIC4XqZCAKkJaEog&ust=1462820020917259
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjwyJm6lMvMAhUDPiYKHYsXAXsQjRwIBw&url=http://www.icore-plants.tau.ac.il/&psig=AFQjCNEaGbVbDJaG9Ve0OZACwGXuE7hV0g&ust=1462820263998981
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDod64lsvMAhXL5yYKHeXPC1oQjRwIBw&url=http://californiaagriculture.ucanr.org/landingpage.cfm?article%3Dca.v047n04p24%26fulltext%3Dyes&psig=AFQjCNHoEBIps0j4yTxmMQnN3qSGwelI5w&ust=1462820845644433
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiS2LbwlsvMAhXIOCYKHXf7CHgQjRwIBw&url=http://entnemdept.ufl.edu/creatures/fruit/tropical/mexican_fruit_fly.htm&psig=AFQjCNERZuVUhmOAA2_9_T6VD4J7ee9Ejg&ust=1462820962502141
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjmq_3SlsvMAhUKJCYKHXv9CpoQjRwIBw&url=http://www.georgofili.world/detail.aspx?id%3D42&psig=AFQjCNEr-kSiSe9V2tGRtPVMgzKnoUOEdQ&ust=1462820900778878
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwiavdbEmMvMAhWG6yYKHdNnDx8QjRwIBw&url=http://animallaw.foxrothschild.com/2015/09/21/suffering-to-end-suffering-the-heroic-effort-to-eradicate-the-north-american-screwworm/&psig=AFQjCNFfpW_iM2h-QCxn311XHoujhM5nrg&ust=1462821407602639


  

 

 

 

Control/alter:
What are possible public health merits? 

Vectors Pathogens Reservoirs 

Lyme’s Disease 
Ixodes 

Aedes albopictus 

Dengue 
Chikungunya 

Zika 

Anopheles 

Malaria 

Schistosoma mansoni 

Biomphalaria glabrata 

‘humanize’ experimental and donor animals 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjbuNXbm8vMAhUHMyYKHRuqD1IQjRwIBw&url=http://america.pink/aedes-albopictus_260338.html&psig=AFQjCNG2mnOHT1Y8n_VERrseBcouggOO5Q&ust=1462822261093468
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjUgsH7m8vMAhWCOCYKHflOAwsQjRwIBw&url=https://en.wikipedia.org/wiki/Mosquito&bvm=bv.121421273,d.eWE&psig=AFQjCNFhqcnXR44sYH-XFytKFNhs2o7h8w&ust=1462822317759209


  

 

 

 

 

What are some challenges? 
Space and time 

Regional vs global impacts 
Human vs evolutionary time scales 

Safety and efficacy 
Consequences of target and non-target effects 
Consequences of drive or cargo failures 

Science and society 
National and international regulatory realms 
Individual vs community consent 



   

     

What are some mitigating measures adopted by the 
research community? 

Containment 

Akbari et al., (2015) Safeguarding gene drive experiments in the laboratory. Science 349, 927-929. PMID: 26229113 

http://www.ncbi.nlm.nih.gov/pubmed/26229113


    

    

      

   

    

    

 

A few thoughts: 
Review and reconcile past efforts: many discussion/publications available already 

Strive for consensus: adopt unified language; facilitates adoption of guidelines 

No ‘one-size-fits all’ solutions: genetic plasticity, dispersal, reproductive capacity 

Consider biology, not labels: avoid simplistic classifications 

Be precise in language: avoid jargon and catch-phrases 

Do not over-regulate, better to amend than revise 

Lack of knowledge never an answer to solving complex problems 



 Thank you! 

Questions and discussion! 
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