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CRISPR-Cas Guided Excision
and Insertion of New Genes and 

Substitution of Individual DNA Bases 

Programmable Nucleases and Genome Editing:
A Game Changer in Synthetic Biology 

• using an evolutionary mechanism from 3-4 billion years ago for twenty first 
century genome design 

• delete, replace or change genes in any living species, including humans  

Microbial CRISPR Defense System 
Against Viruses



http://investor.bluebirdbio.com/node/9131/html
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Faster Detection Saves Lives:
The Primacy of Diagnostics in Biosurveillance and Preparedness Mobilization

Profile:
signatures of infectious agents

Detect:
rapid automated PON/POC diagnostics

Act:
real-time situation awareness, decisions

pathogen evolution dual-use research and 
engineered biothreats

surveillance
sans frontières

http://www.newsweek.com/artificial-intelligence-us-healthcare-africa-693849




Beyond Select Agents: 
The Expanded Threat Spectrum 

?
AGENT  X 

• exotic natural EID/zoonose ?
• deliberately engineered 

bioterror agent ?
• Bioerror ?

https://commons.wikimedia.org/wiki/File:Biohazard_symbol_(yellow).svg


Science (2002) 297, 1016

PLOS ONE https://doi.org/10.1371/journal.pone.0188453
January 19, 2018

De Novo Synthesis of Pathogens 

https://doi.org/10.1371/journal.pone.0188453
















https://www.express.co.uk/news/uk/991064/salisbury-nerve-agent-attack-novichok-russia-suspects-sergei-yulia-skripal-dawn-sturgess












































Darker Shades of Gray:
The Emerging Dimension of Hybrid Warfare  

• deception, disinformation and propaganda 
• weaponized narratives (“fake news”)
• lawfare; exploiting loopholes and seeding ambiguity
• plausible deniability 
• exploit Western public reluctance for military 

deployments 

















The Joint External Evaluation Exercise (JEE):
January 2016*

¸ major deficits in 89% of the 55 countries 
evaluated to date

¸ surveillance for highly antibiotic resistant 
pathogens and antimicrobial stewardship

¸ biosecurity and surveillance for zoonotic 
diseases, food poisoning and water-borne 
illness

¸ insufficient personnel and training
¸ investment levels
¸ major risks to cross-border disease spread

*V. Gupta et al. (2018) J. Global Health 8, e.020416
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