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What is CRISPR? 

Genome editing

“Programmable scissors”
Barrangou, R. and Marraffini, L. CRISPR-Cas Systems: Prokaryotes Upgrade to 
Adaptive Immunity (2014). Molecular Cell 54, 234-244.



How was CRISPR first discovered?

Reported in 1993 by Dr. Francisco Mojica
University of Alicante, Spain (also coined the
term)

First discovered in archaea (and later in 
bacteria)

Hypothesis: CRISPR is an adaptive immune
system



How does 
CRISPR system 
work in bacteria?



Part 2: How does
CRISPR system
work in bacteria?



Who developed CRISPR-Cas9 system?

Nobel Prize in Chemistry 2020: Emmanuelle Charpentier and Jennifer Doudna



How does CRISPR work? 

Key Components

2 repair pathways for 
CRISPR mediated 
double stranded breaks

CRISPR/Cas9: the Jedi against the darkempire of diseases (2018) Sehrish Khan Et al.



RNAi

CRISPR

Zinc-Finger Nucleases 
(ZFNs)

DNA-based,KO

→ RNA-basd, KD

Transcription Activator–Like 
Effector Nucleases (TALENs)

How to compare different gene editing methods?

Boettcher M, McManus MT. Choosing the Right Tool for the Job: RNAi, TALEN, or CRISPR. Mol Cell. 2015 May 21;58(4):575-85. doi: 
10.1016/j.molcel.2015.04.028. PMID: 26000843; PMCID: PMC4441801.



Why is CRISPR 
so powerful 
and important?

• Simplicity

• Precision 

• Versatility



Today’s focus: CRISPR loss-of-function screens

What can CRISPR/Cas9 system do? 



How can CRISPR be used to perform a genetic screen?

https://www.mdpi.com/1422-0067/22/23/12777



What are different types of CRISPR screening? 

Bock, C., Datlinger, P., Chardon, F. et al. High-content CRISPR screening. Nat Rev Methods Primers 2, 8 (2022). https://doi.org/10.1038/s43586-021-00093-4



What organisms can 
you use to perform 
CRISPR screens?



What is an example of CRISPR screen in a model organism? 



Concerns about CRISPR?

• He Jiankui affair 
(Lulu and Nana Controversy)



What are 
the 

challenges
of

CRISPR?



SARS-CoV-2 Life Cycle – How does infection occur?

COVID-19: angiotensin-converting enzyme 2 (ACE2) expression and tissue susceptibility to SARS-CoV-2 
infection Stephany Beyerstedt1 & Expedito Barbosa Casaro1 & Érika Bevilaqua Rangel1,2



What’s the knowledge 
gap in COVID-19? 

Lack of genome-wide studies that directly 
identify human genes required for viral infection
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Summary

CRISPR-Cas9 system is a powerful genome editing tool that 
allow us to precisely alters DNA sequence

Genome-wide CRISPR screens target knock-out of genes in the 
human genome and is used to investigate the roles of genes 

Different model organisms can be used depending on the 
purposes



Thank you!
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What is the hypothesis? 

• Using genome-scale 
CRISPR loss of function test 
they should be able to find 
genes that grants/increase 
resistance to SARS-COV 2



What are the Life stages for SARS-COV- 2

Envelope  

Spike
Glycosylated 

 

Membrane proteins 

D416G 



What are the life stages of COV-2? Continue 

FURIN TMPRS2



What are the life stages of COV-2? Continue 



Why is this 
important ?



What are the methods?
GeCKOv2 CRISPR-Cas9 library



Human alveolar cell 
carcinoma 

A540^ACE2

Located in the alveoli 

reduces surface tension and prevents alveolar 
collapse during ventilation.



How do we start?

2/21/24, 2:16 PM Click on image to zoom

https://www.ncbi.nlm.nih.gov/core/lw/2.0/html/tileshop_pmc/tileshop_pmc_inline.html?title=Click on image to zoom&p=PMC3&id=7584921_gr1_lrg.jpg 1/3

Drag image to reposition. Double click to magnify further.
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What is transduction?  
continue

Puromycin

Naturally occurring 
antibodies that 
inhibit protein 
synthesis

1. Selection
2. Breading 
3. Infection  (Moi = .3 between .1)
4. stained



How does this compare to others’ research?



We have the genes now what?



Where are the 
target genes?

Quick comment 



SARS-COV-2 AIV ZIKA 

Can we use this information for other viruses?



Was there a significant pathway?



Summary 

• 30 host genes found
• 6 of the genes shared a mechanism as the cholesterol pathway
• Upregulating cholesterol levels block SARS
• An increase in cholesterol leads to higher resistance 
• Rab7a regulates cell surface expression of ACE



Future advancements and 
understandings 
• Understanding cholesterol 

biosynthesis pathway and SARS 
relationship

• Possibility of other lipids affecting 
SARS

• Understanding Rab7a blocking of 
SARS

• PiKC3 drug target
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