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inject GM virus  (CRISPR enabled) into tail and one week later 40% of 
the liver cells are edited at the target gene  
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Di Giallonardo, F.; Holmes, E. C. Viral biocontrol: grand experiments in disease emergence and evolution. Trends in Microbiology 2015, 23, 83–90,.

human release of viruses as biocontrol agents 
European rabbits – myxoma virus (MYXV) and rabbit hemorrhagic disease virus (RHDV) 

Virus (biocontrol) 



Transmissible viruses might not stay where you put them 
- particularly  if they are perceived as being effective 

Angulo, E.; Cooke, B. First synthesize new viruses then regulate their release? The case of the wild rabbit.
 Molecular Ecology 2002, 11, 2703–2709
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Virus (biocontrol) 

human release of viruses as biocontrol agents 
Established commercial use in agriculture 

Virus (biocontrol) 

Target is insect larvae not plants 



• 1993 UK 

• Virus expresses a scorpion 
toxin 

• Improves insecticidal effect 
of spraying virus on plants- 
plant is not the target 

• Caged plants 

GM virus



• 2000 Spanish Island  

• To protect wild rabbit 
populations utilized for 
hunting from myxomatosis 
and rabbit haemorrhagic 
disease. 

• Example of “transmissible 
vaccine”

GM virus

Torres, Juan M, Carmen Sánchez, Miguel A Ramı́rez, Mónica Morales, Juan Bárcena, Joan Ferrer, Enric Espuña, Albert Pagès-Manté, and José M Sánchez-Vizcaı́no. “First Field Trial of a Transmissible Recombinant Vaccine against Myxomatosis and Rabbit Hemorrhagic 

Disease.” Vaccine 19, no. 31 (August 14, 2001): 4536–43. 
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• starting 2009 Kentucky 
(USA) 

• Transient expression of 
transgenic protein for 
harvesting   

• GM virus is sprayed to 
infect plant cells with virus 

• Commercial company  

GM virus

Pogue, Gregory P., Fakhrieh Vojdani, Kenneth E. Palmer, Earl White, Hugh Haydon, and Barry Bratcher. “Production of Pharmaceutical Grade Recombinant Native Aprotinin and Non-Oxidized Aprotinin Variants Under Greenhouse and Field Conditions.” In Commercial Plant-Produced Recombinant Protein 

Products: Case Studies, edited by John A. Howard and Elizabeth E. Hood, 65–80. Biotechnology in Agriculture and Forestry. Berlin, Heidelberg: Springer Berlin Heidelberg, 2014. 



GM virus
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Protecting Orange trees from 

bacterial disease using GM viruses  

https://citrusgreening.org/disease/impact

In 2005 a bacterial disease of citrus trees enters the 
USA- citrus greening (Huanglongbing)



GM virus

No gene editing involved  
in citrus  program 

GM virus



• Field trials of GM virus started 
in 2010

• Citrus tristeza virus 
expressing spinach defensin 
proteins 2, 7 and 8 derived 

from spinach

• Virus strain not pathogenic to 
tree

• Only infects phloem  

• Virus strain not insect 
vectored 

• 2017 - current 400 acre 
experiment 

• 2018 USDA EIS and public 
comment period.

GM virusGM virus



• Field trials of GM virus started 
in 2010

• Citrus tristeza virus 
expressing spinach defensin 
proteins 2, 7 and 8 derived 

from spinach

• Virus strain not pathogenic to 
tree

• Only infects phloem  

• Virus strain not insect 
vectored 

• 2017 - current 400 acre 
experiment 

• 2018 USDA EIS and public 
comment period.

GM virus

Grafting of GM virus 
infected limbs reportedly  

required  
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HEGAA virus 
Horizontal Environmental Genetic Alteration Agents 

HEGAAs  

In the environment a GM virus targets the 
genome sequence of a second species  

-using CRISPR



Largely unpredicted regulatory issues with HEGAAs

HEGAA virus 



HEGAA virus + insect dispersal  

3 viral consortia announced staring July 2017 

Broad Agency Announcement Insect Allies, Biological Technologies Office, HR001117S0002 November 1, 2016, (available at https://
www.fbo.gov/utils/view?id=40638c9e7d45ed8310f9d4f4671b4a7b).



Citrus trees DARPA 
“Insect Allies”

Obvious farming demand for a 
solution Yes No

Transmissibility of virus Reportedly low 

(grafting)

High

(insect dispersal)

Genetic modification of germ 
line a concern No Yes

Regulatory uncertainty Yes Yes

Public scrutiny by competent 
USDA- EIS & Risk 

assessment & statutory 
public comment period.

Nothing public

Proportionate public  / global scrutiny  

*1.Kuiken, T. DARPA’s Synthetic Biology Initiatives Could Militarize the Environment. Slate 2017.

*
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“Viruses, pests, fungi, 
herbicides, drought, pollution, 

salinity, flooding, and frost”





The doctrine of double effect 

1. The nature-of-the-act condition. The action must be either morally good or indifferent.

2. The means-end condition. The bad effect must not be the means by which one achieves the good effect.

3. The right-intention condition. The intention must be the achieving of only the good effect, with the bad effect being only an unintended 
side effect.

4.The proportionality condition. The bad effect must 
not be disproportionate to the good effect.

Thomas Aquinas Summa Theologiae, IIa-IIae Q. 64, art. 7; 1200s;

Even legitimate biosecurity or biosafety  concerns should not ‘undermine 
the promotion and use of biotechnologies for human development’  

(article X of the Biological Weapons Convention)



Are programs which operate close to the 
blurred lines dividing peacetime and 

wartime applications obligated to project 
robust and plausible motivations for their 

work?



Horizontal infectious solutions offer Speed and Flexibility 

Horizontal environmental  
approaches have 

outwardly always held 
some attractions. 

They will continue to do so 
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