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Evolving Field of Biosciences!

TransgenicTransgenic 
Research

Targeted 
Gene EditingGene 

Therapy

Gene Drive 
Research in 

animals, 
plants

CRISPR/Cas9

“Re-writing the code of life”

Then why is CRIPSR/Cas9 the most talked about technology today?

Because the ease, precision, and availability of CRISPR technology is 

Inexpensive powerful technology with ease of access and 
incomplete understanding of risks associated with it!
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Modern Biological Research

September 2018

Modern Diagnostics 
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Downside of the upcoming technology?

Scientific Evolution: Always a Step Ahead of 
the Governing Body!
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 Global food security

Gene Editing and Molecular Tools: 
Enhancing the quality of life!

y

 Enhancement of food quality

 Targeted Gene Therapy

 Gene Drive- targeted gene editing
(CRISPR) for eradication of malaria etc(CRISPR) for eradication of malaria, etc.

 Cure for infectious diseases: viral,
bacterial

‘Science cannot continue in vacuum’

If quality of life is enhanced then why the “brows 
are furrowed”??

 Spread of “Know-Hows”
 Easy availability of the 

technology
 New technical possibilities 

such as “synthetic 
oligonucleotide” sequence-
mimicking gene sequence of 
i f i hinfectious pathogens

 Science democratization: DIYs
 Open accessible publication and 

open sources of knowledge
 Limited training and awareness WMD 

concerns
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Reviewing the Basics: Molecular Biology 101

Science and risks behind the emerging Technologies

g gy

 Vector System (Plasmid vs. Viral Vector)

 Gene Target

 Host System

 Indigenous or Exotic

Reviewing the basics: CRISPR 101

The CRISPR Mechanism

CRISPR can knock out target genes inCRISPR can knock out target genes in 
various cell types and organisms
modifications to various Cas enzymes 
have extended CRISPR to selectively 
activate/repress target genes, purify 
specific regions of DNA, image DNA in 
live cells, and precisely edit DNA and 
RNA.

https://www.addgene.org/genome-engineering/
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Primary questions to ask when assessing risks:

Gene Editing and Emerging technologies

 Off-targeting effects?
 Delivery system used?
 Permanent/ heritable modification?
 Multiple genes being targeted in one construct/ p g g g

technology?
 Potential risks to personnel for exposure to material or 

the resulting modified organism?
 Researcher Experience/ Knowledge

Recommendations and Feedback to the Principal Investigator

Gene Editing and Emerging technologies

p g
(PI)

 Biosafety Practice Level

 Record Maintenance

T i i R i d Training Required

 Regular Audits

 Hands-on Training (if required)
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Emerging Technologies, DURC and 
International Biosecurity Challenges 

CRISPR Applications-DURC
 Targeted highly infectious gene Targeted highly infectious gene-

edited pathogen
 Disease-resistant pathogen 
 Gene drive- targeted population 

(e.g. mosquito for malaria 
eradication)

International Biosafety-Biosecurity Challenges

 Poorly understood challenges

 Lack of Training and human resource
development

 Lack of expertise in risk assessment and
decision making

L k f i i l l li Lack of international regulatory compliance
and poor biosecurity planning

 Unanticipated or unintended complication
avoidance
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Regulations 
Regulations: Governance and Monitoring 

Regulations: Governance and Monitoring 

 World Trade Organization (WTO)

 Food and Agriculture Organisation of the United 
Nations (FAO)

 International Plant Protection Convention 
(IPCC)( )

 Office International des Epizooties (IOE)/World 
Animal Health Organisation
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International ethical standards and guidelines brings 
strong partnerships and better

Globalization of Science and International 
Partnerships

strong partnerships and better 

 Cross-border research biosafety/security standards

 International engagement

 Thorough understanding of emerging technologies g g g g g

 Every experiment is different- Every Clinical and 
Agricultural trial has different risk

Remember: Powerful synthetic biotechnological 
innovations such as CRISPR/Cas9 and pathogens do 

NOT need ‘homeland security’ and ‘border clearances’!

The Latest in Public Health!

 International 
Surveillance
 Prevention vs. 

Response Strategies
 Risk Assessment and 

Preparedness
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Globalization of Science and Challenges

 Resource Limitation
 Lack of Understanding of Risks-Emerging 

Technology Use
 Lack of Preparedness-Infectious Disease Research 

and Outbreak
 International Governance- Uniform Regulations
 Human Resource Development and 

Communication 

“Bringing science closer to life”

Communicating the science behind technology openly, honestly!
A b i i i i Awareness brings proactiveness in society
 Ethical concerns must be addressed
 Informed decision making reduces panic and distress in society

Many developing countries still do NOT completely understand 
h d i i i d i h i f f l h ithe adversities associated with misuse of powerful synthetic 

biotechnology such as CRISPR- intentionally or accidentally!

Remember: “Good Science” always comes with 
ethics, compliance, and honest communication!



12

References

 Ahteensu, M. Synthetic biology, genome editing, and the risk of bioterrorism. Sci 
Eng Ethics (2017). 23: 1541-1561
https://doi.org/10.1007/s11948-016-9868-9

 Getz, L.J. and Dellaire, G. Angels and Devils: Dilemmas in dual-use biotechnology. 
TIBTEC (Article in press). 1688: 1-4

 DiEuliis, D. and Giordano, J. Gene editing using CRISPR/Cas9: implications for 
dual-use and biosecurity. Protein Cell (2018). 9(3): 239-240
DOI 10.1007/s13238-017-0493-4

 Shukla-Jones, A., Friedrichs, S., and Winickoff, D. Gene editing in an international 
context: Scientific, economic and social issues across sectors. (2018). OECD 
Science Technology and Industry Working Papers ParisScience, Technology, and Industry Working Papers, Paris.
http://dx.doi.org/10.1787/38a54acb-en

 Gronvall, G.K. Safety, security, and serving the public interest in synthetic biology. 
(2018) Journal of Industrial Microbiology & Biotechnology. 45: 463-466.
https://doi.org/10.1007/s10295-018-2026-4

 Synbio and biosecurity.
https://blogs.plos.org/synbio/2017/02/05/synbio-and-biosecurity/

References

 Connor, C. First human embryos edited in U.S. (2017)
https://www.technologyreview.com/s/608350/first-human-embryos-edited-p gy y

in-us/?set=608342
 Gene editing can drive science to openness. (2016) 

https://www.nature.com/polopoly_fs/1.20043!/menu/main/topColumns/topLe
ftColumn/pdf/534153a.pdf

 http://www.nti.org/analysis/articles/who-data-demonstrates-weaknesses-
biosecurity-and-biosafety-systems-worldwide/

 Addgene https://www.addgene.org/genome-engineering/
PC CRISPR/C 9 htt // dd / i i /PC: CRISPR/Cas9: https://www.addgene.org/genome-engineering/



13
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