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Living in a CRISPR world LaManna & Barrangou CRISPRj 2018
LaManna et al., 2020
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Huang et al. 2019

Explosive Global

Diversified Competitive
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Barrangou et al. in review
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Cas nucleases
Gene therapy

Gene expression

Guide RNA

ClinicalMutations

Screens

Viruses Barrangou et al. in review
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Genome editing
Barrangou & Doudna 2016
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Genome Editing 2.0 Cas9, dCas9, nCas9
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Roberts & Barrangou 2020
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CRISPR2.0 * Cas3 Cas9 Cas12 Cas13 CasTn
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Illustration
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Barrangou & Doudna 2016
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The CRISPR zoo
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Selle & Barrangou 2016
Gersbach & Barrangou 2018
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CRISPR “technology” turns 7
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Advantages
Programmable

Specific
Transferable

Efficient
Precise

Affordable
Quick

Multiplexable
Scalable

Opportunities
Guide design & composition

Cas engineering
Orthogonality

Biodiversity (eff, act, saf, tox, siz)
PAM diversity

DNA repair (cutting only front 50%)

Delivery
Electro/biolistic

Peptides/RNPs/RNA
Lipids/microinj.

Viruses/phagemids
Tissue/cell specific

Caveats
Large (package/deliver)

PAM-dependent targeting
PAM diversity

Off target cleavage
Various efficiencies
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Fields of use

Tools
Guides

Enzymes
Software
Plasmids
Delivery

Kits
Primers

Cell lines

Bacteria
Yeast
Algae

Food
Biomanufacturing

Household care
BioEnergy

Plants
Animals

Microbes
Forestry

Flowers & 
ornamentals
Aquaculture

Gene therapies
Antivirals & inf. disease

Microbiomes
Antimicrobials

Cell / immuno therapies
Xeno transplants

Invasive species/Drives
Diagnostics

Petcare
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RESEARCH BIOTECHNOLOGY AGRICULTURE THERAPEUTICS
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TTR Amyloid fibrils CNS GIT HD
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Industrial Biotechnology
Donohoue et al. 2017

Enzymes
Biofuels
Biomass
Vitamins 

Probiotics
Antibiotics

Insulin

Cheese
Yoghurt

Enzymes
Proteins

Bacteria

Yeast

Fungi

15



NC STATE UNIVERSITYNC STATE UNIVERSITY

Lactobacillus acidophilus

Clostridium difficile              Propionibacterium acnes

E. coli     Klebsiella michiganensis

SVF

E. coli
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Lactobacillus crispatus

Lactobacillus gasseri

Streptococcus thermophilus

Bifidobacterium lactis
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Ag diversification
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Corn
Wheat
Soy

Tomatoes
Mushrooms

Tobacco / cotton / hemp
Trees
Cellulose

Crops

Fruits  & vegetables

Non-food crops
Forestry
Bio-energy

Brandt & Barrangou 2019
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CRISPR is a breeding game changer for Ag
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CRISPR is a breeding game changer for Ag
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CRISPR is a breeding game changer for Ag
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The CRISPR craze: fueling the bio-economy
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NASDAQ $10B
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Societal implications

• Ethics
• Editing the human germline
• Pace and scale and accessibility
• Dialogue framework and moratorium

• Public relations
• GMO concerns
• Oxford debate 
• Voices and stakeholders

• Regulatory Path(s)
• Medicine vs. Ag
• Risk:Benefit
• DNA-free, non-GMO options
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Narratives and dialogues
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• Greely: ethically defensible, now new, not soon

• Hurlbut: 6 principles for governance*

• McIntosh: the downside of a global moratorium

• Carroll: the daunting economics of gene therapies

• Knoppers: future children rights to health

• Alpern: human rights impact assessment

• Sherkow: regulating through law and legal regimes

1. Make room for greater diversity in posing and framing questions

2. Ask about the purposes of research before next steps are taken

3. Do not champion self governance by scientists

4. Reflect on the global nature of human values, especially human integrity

5. Rein in the language of “running ahead” to account for broader perspectives

6. Consider researchers’ intentions along with their practices

26



NC STATE UNIVERSITYNC STATE UNIVERSITY27

The CRISPR J
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Framing the dialogue
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• Values (stewardship, safety, efficacy)
• Trustworthy voices (farmers, scientists)
• Environmental benefits (sustainability, resilience)
• Consumer benefits
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Why Ag is poised to win the CRISPR race

• Ethical issues focused on human germline

• IP wars focused on human therapies; cross licensing pool

• Technical access and implementation feasibility (delivery)

• Recapitulation of natural diverse genotypes 

• Early regulatory indications (USDA vs. ECJ, SECURE)

• Use of RNPs and non-foreign DNA implications (DNA-free)

• Non-DNA editing alternatives (CRISPRi|a|e|epi)

• Ability to screen (select phenotype, screen genotype)

• Breadth of applications (foods vs. animals, vs. plants vs. trees)

• Speed of execution, costs, and process timeline

• No concerns about toxicity and immune response
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• Clinical success (PR opportunity)
• Public enthusiasm (tech acceptance)
• Europe catches up (rebalancing and shift) 
• Put tools to use (industry fuel)
• Beyond Tx (Ag consolidation and diversification)
• Cooler heads prevail (IP and beyond)
• Business deals, M&A
• Responsible guidelines (SECURE rule)
• CRISPR fatigue (tech to products)
• Global geopolitical games (US vs CN)

Barrangou 2019
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• Redistribution USA to EU>USA=CN
• Consolidation big 6 down to 4
• Communication re-branding
• Diversification GM traits vs breeding

chemicals vs biologicals
big vs nimble
dominant vs strategic
news ventures & partners

The shifting Ag landscape
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Thinking about CRISPR

To Know
• Beyond Tx
• Disruptive tech
• Democratized 
• Tech push & market pull
• 2020 is pivotal

To Ponder
• Acceptance bottleneck
• Tip of the iceberg
• Navigate the nexus
• Science comm. 2.0
• Highway of science

Sci Comm
• Skepticism & Trust
• Transparency & RRI

32



NC STATE UNIVERSITYNC STATE UNIVERSITY

Academics
Researchers
Universities

Trainees
Thought leaders

Government
Politicians
Regulators 

Patent office(s)

Industry
Entrepreneurs

Investors
Partners
Farmers Society

Public
Consumers

Stakeholders
Media

Ethics (germline)
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Science Technology Applications Products

Enabling a competitive bio-economy
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Challenging times & inclusive excellence
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Funding & collaborations COIs
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