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Talk Overview 

• current “state of the art” gene drive 
approaches 
– Linked-Homing Drive 
– Split-Homing Drive 

• Population modification vs population 
suppression 

• Current “state of the art” strategies for 
biological risk mitigation 





 

  
    

 
 

    

  
     

Current “state of the art” Gene-Drive strategies 

• Non-localized Drive systems 
• Low Threshold – Self propagating - Non-localized – predicted to spread beyond release 

site. 
• Localized Drive Systems 

• High Threshold– only spread if above a threshold – not predicted to spread beyond release 
site. Inherently confineable. 

• Self-limiting – temporally limited – do not persist indefinitely - not predicted to spread 
beyond release site. 

• Non-Drives – will not spread or persist. 
Talk will focus on: Linked-homing and Split-homing 



   

    

  

  
    

  
   

   
     

  

Linked-Homing - Population Modification Gene 
Drives 

Threshold independent Population Modification Gene Drives 

In principal a single organism release into a wild population could spread that 
trait throughout the wild population 

• Driving an engineered anti-pathogen gene into 
a neutral site to convert the entire population 
into a disease resistant population. 

• Ecologically For population modification the 
engineered population would persist in the 
environment but they would no longer be able 
to transmit pathogens. 



   

  
    

 
   

    
     

 

  

   
 

Linked-Homing - Population Suppression Gene 
Drives 

Threshold independent Suppression Gene Drives 

In principal a single organism release into a wild population could spread 
that trait throughout the wild population 

Population Suppression - Drive a population to extinction 
• e.g. Drive into a recessive gene required for female 

fertility/viability 
• Ecologically For population suppression the engineered 

population would persist in the environment until 
fixation then the entire population would crash and be 
eradicated. 



Linked-Homing 
Population Modification 

Linked-Homing 
Population Suppression 

 

  

 
    
 

     
       

    

 

Categories of Gene Drives 
Non-Localized Localized 

Potential Issues? 
• Non-Reversible – need to release alternative system. 

• ERACR/eCHACRs (doi.org/10.1016/j.molcel.2020.09.003) 
• Reversal Gene Drives (doi.org/: 10.1038/nrg.2015.34. 
Acceptable to release another genetically engineered system for control? 

• Non-localized –Will spread beyond boarders 
• Target a private allele –exclusive to an isolated population. 

• Will these exist in intended target population? Do we have data to support this 
claim? 

• Release on limited access ecologically isolated site/island. 
• How isolated? 

• Difficult to measure Risks / Unintended consequences? 
• Regulatable? 
• Public acceptance? 

Desired Features 
- Controllable 
- Inherently Confinable 
- Reversible 
- Safe 
- Effective 

https://www.akbarilab.com/uploads/8/7/0/5/87051394/xu_et_al._2020_sup.pdf
https://10.1038/nrg.2015.34


Localized 

 Categories of Gene Drive 
Non-Localized 

Linked-Homing 
Population Suppression 

Linked-Homing 
Population Modification 

Linked 
Gene Drive 
design 

Split-Homing Drives 



  
Split-Homing Drives have been engineered and 
proven to be effective in many species 
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proven to be effective in many species 



Aedes aegypti Split-Homing drive is self-limiting and is 
confineable. 

Stochastic simulations 10 releases of homozygous males at 1:1 total population 

97% have at least one copy 
Over 85% for 3 years 

1% migration rate 

   

  
 

   
  

    

  

 

*identical homing and fitness parameters to split drive 

67%

Li. et al. 2020. eLIFE 



  
    

   
 

   
 

   
  

   

 

 
   

    
     

Summary 
• Multiple Kinds of Gene Drives Exist and their development has been accelerated by CRISPR 
• Linked-Homing Drives Can be used for either population suppression / modification. 

– ”State of the Art” Risk Mitigation Strategies 
• Drive Countermeasures 

– (e.g. Reversal Drives / ERACR’s / eCHACR’s) 
• Attempt to Localize the Drive 

– Design to target a Private allele. 
– Release on limited access ecologically isolated island. 

• Split-Homing Drives Can also be used for either population suppression / modification. 
– Engineered and proven effective in many species 
– Inherently confinable, 

• Safe 
• effective. 
• Inherently Self-limiting : No need for the release of a second-generation 

countermeasures. 

Are Confinable Split-Homing Drives the optimal 
choice for the first field trials of Gene Drives? 



Akbari Lab

Safe Genes 

Thank You!! 

www.Akbarilab.com 
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