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47k authors, 4,500 affiliations

104 countries, 17k papers

Huang et al. 2019

Explosive Global

Diversified Competitive
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Competitive 
(Authors)

47k

Integrated 
(Keywords) Huang et al. in press

LaManna et al. 2020
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Biased (Organisms)
20k papers

Diversified (Topics)

Explosive (Constructs) 
200k

Global (Shipments)
4.5k affiliations
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2 classes 
6 types 

44 subtypes

CRISPR101 Makarova et al. 2011

updated in Makarova et al. 2015

updated in Makarova et al. 2019
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Genome editing technology@Nobel2020
Barrangou & Doudna 2016
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Genome Editing 2.0
(d/n)Cas9 | Cas3 12 Tn BE
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Roberts & Barrangou 2020
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Characterization & validation of CRISPR: bottleneck
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Roberts & Barrangou 2020
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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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NASDAQ $33B

RTP

RTP

RTP

RTP
RTP

RTP

RTP
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*

*
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phage DNA plasmid DNA chromosomal DNA

Phage defense

Dairy starters
Genetic tagging

Prevent plasmid
uptake

Vaccinate vs. ABR

Genome 
editing

2.0
screens

Transcriptional 
control

Bio-eng.

Genome 
remodeling

Non-GMO screens

Targeted 
Killing

N-gen AB

CRISPR microbial applications

Genotyping

Vacc. Card
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Roberts & Barrangou 2020

Barrangou & Horvath 2017

Barrangou & Doudna 2016

CRISPR DNA
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CHARACTERIZE CRISPR-CAS SYSTEMS

DEVELOP CRISPR-BASED TECHNOLOGIES

APPLY CRISPR-TECHNOLOGIES IN BACTERIA
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https://github.com/CRISPRlab
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Genotyping
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Barrangou & Dudley 2016

Barrangou & Horvath 2012

• Probiotics (Lga, Lcr, Lfe, Blo)
• Pathogens (Eco, Sal, Cdi)
• Dairy cultures (Sth)
• Spoilage organisms (Lbu)
• Microbiomes
• Metagenomics
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CRISPR1 CRISPR3

D2972

D3821

D3288

D4753

Σ +8 spacers +S5C1 +S3C3
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Barrangou et al. 2013!

Natural vaccination of dairy starter cultures
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CRISPR phage resistance in blends
Roberts and Barrangou 2020

19



NC STATE UNIVERSITYNC STATE UNIVERSITY

Natural genetic tagging
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Barrangou et al. 2011
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Natural screening
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Selle et al. 2015

Canez et al. 2019

34 kb

Lactose-

Tn-independent

8-102 kb

7% 

IS1167-driven

Pre-existing
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Lethal self targeting

Programmable and selective killing

Dose-dependent community alteration
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N-gen antimicrobials
Gomaa et al. 2014

Selle et al. 2020

Engineering C. diff phages for self targeting

Lowering C. diff infection 
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CRISPRdisco enrichment@Lb

Technical needs
PAM diversity (precision)
Orthogonality (multiplexing)
Efficiency and specificity?
Toxicity and safe origin?
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Crawley et al. CRISPRj 2018
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L. acidophilus INDELs
Goh & Barrangou 2021
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Lactobacillus flexible genome editing
Goh & Barrangou 2021

25



NC STATE UNIVERSITY

A
pgtf
100%

B
STOPpgtf

100%

C
SNPpgtf

100%

D
Nu1
19%

E
INS_GFP

30%
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Hidalgo-Cantabrana et al. 2019

L. crispatus endoI-E genome editing

Engineer
EPS

Remove
prophage

Add
fluorescence

D

E

A

B

C
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Lactobacillus crispatus features
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N-gen probiotic engineering

28

BSH SLAPs @ Rota&COVID LTA

Foley et al. 2021

Klotz et al. 2020

Goh et al. 2021



NC STATE UNIVERSITYNC STATE UNIVERSITY

N-gen probiotic engineering

29

Bif TxReg & screening Community editing CanTn TxReg & integrases

Roberts et al. in prep

Pan et al. in prep

Nethery et al. in prep

pRT

pcas9

dCas9APOBEC1

C -> T
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Lactobacillus acidophilus

Clostridium difficile                      Cutibacterium acnes

E. coli     Klebsiella michiganensis

E. coli
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Lactobacillus crispatus

Lactobacillus gasseri

Bifidobacterium lactis
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Streptococcus thermophilus & Clostridia

Lactobacillus casei
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Microbiome(s)

Virome(s)

CRISPR

dCas9 APOBEC CascadeTn
Cas12
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Societal implications
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• Ethics

• Editing technologies perception

• Pace, scale and accessibility

• Dialogue framework & moratorium

• Public relations

• GMO concerns, skepticism

• Public engagement and debates 

• Voices and stakeholders, RRI

• Values, stewardship, benefits 

• Regulatory Path(s)

• Medicine vs. Ag

• Risk:Benefit

• DNA-free & non-GMO options
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Researcher pioneer@NAS Teacher inspire@class&lab Speaker keynotes&stories Collaboratorindustry&academia

Mentor talent@lifelong Competitor golf&rec.      Writer LABpioneer&bar Role model friend&more

Researcher Teacher Speaker Entrepreneur 
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Funding & collaborations COIs & shareholdings

*

*

*
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* *

*

Deadlines:

April 30 selection of short talk
June 30 for posters

August 15 late registration


