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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




’ -
Streptococcus natural immune system
against viruses: CRISPR/Cas?
When viruses infect a bacterium, they send their harmful DNA into it. If the
bacterium survives the infection, in inserts a piece of the virus DNA in its ‘
genome, like a memory of the virus. This DNA is then used to protect the
bacterium from new infections.
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DNA is a repeated sequence.
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from a single virus. If the bacterium is
reinfected by the same virus, the genetic
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Part 2: How does
CRISPR system
work in bacteria?



Nobel Prize in Chemistry 2020: Emmanuelle Charpentier and Jennifer Doudna

Who developed CRISPR- CasQ system’?
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How does CRISPR work?

PAM sequence
Matching sequence

\ Key Components

Genomic DNA

l l 2 repair pathways for

< CRISPR mediated
NHE]J resulting in premature stop HDR resulting in precise editing double stranded breaks
codon (black)

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



How to compare different gene editing methods?
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Why is CRISPR
so powerful
and important?

« Simplicity
* Precision

» Versatility

L

CRISPR

gene knockdown
gene knockout
gene knock-in
gene activation
gene repression
base editing

imaging



What can CRISPR/Cas9 system do?

Fluorescent
protein
dCas9

Genome imaging

[‘ CRISPR/Cas9 applications }
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Trans fft n DNA-targeting platform) Epigenetic
—\ modifier
dCas9 Cém% : ;—
dCas9
Gene regulation Epigenetic modification

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



How can CRISPR be used to perform a genetic screen?
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What are different types of CRISPR screening?

Model
Cell lines, primary cells, organoids,
model organisms (in vivo screens)

Perturbation

CRISPR knockout, interference,
activation, base editing,

prime editing

Challenge

Cell survival and proliferation,
drug treatment and resistance,
virus/pathogen infection,
metabolic challenges

Pooled CRISPR screen
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cells in bulk

CRISPR gRNA library
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Arrayed CRISPR screen
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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
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Human cell lines/
iPSCs isogenic controls

Mouse/
Mouse-derived cell lines

g __, =z
Zebrafish

What organisms can

you use to perform
CRISPR screens?

* Human cell lines / iPSCs isogenic
controls

* Mouse/ Mouse-derived cell lines
« Zebrafish

* Pig

* Yeast

 And more...




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

RESOURCE | VOLUME 160, ISSUE 6, P1246-1260, MARCH 12, 2015 [ESAEDe sl le e Rt NEI:

Genome-wide CRISPR Screen in a Mouse Model of
Tumor Growth and Metastasis

Sidi Chen 0 e Neville E. Sanjana '° e Kaijie Zheng ¢ ... Hakho Lee * Feng Zhang & = e
Phillip A. Sharp & X e Show all authors ® Show footnotes

* Published: March 05, 2015 « DOI: https://doi.org/10.1016/j.cell.2015.02.038

'.) Check for updates




Concerns about CRISPR?

* He Jiankui affair
(Lulu and Nana Controversy)




What are
the

challenges
of
CRISPR?

Challenges of CRISPR/Cas9 and Strategies to
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SARS-CoV-2 Life Cycle — How does infection occur?

SARS-CoV-2 life cycle

Binding of SARS-CoV-2 spike protein
to angiotensin converting enzyme 2

(ACE2)
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Translation of viral polymerase

l Release of viral RNA

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



What’s the knowledge
gap in COVID-197?

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



Meet the Scientists:

The Sanjana Lab The TenOever Lab
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Dr. Zharko Daniloski Dr. Neville Sanjana Dr. Tristan X. Jordan Dr. Benjamin TenOever
The first author (PI) The first author (PI)
Affiliation: NY Genome Center and NYU Affiliation: The Alexandria Center for Life Science -

NYC
Lab Focus: Virology, Synthetic Biology, Evolution

Lab Focus: bioengineering, neuroscience and cancer



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
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What are the life stages of COV-2? Continue




What are the life stages of COV-2? Continue
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Why is this
important ?




What are the methods?

GeCKOv2 CRISPR-Cas9 library

=4 Print

Human CRISPR Knockout Pooled Library (GeCKO v2)
O

(Pooled Library #1000000048, #1000000049)

PURPOSE DEPOSITING LABS
The human GeCKO (Genome-Scale CRISPR Knock-Out) lentiviral Feng Zhang
pooled libraries target early consecutive exons for genome editing.

PUBLICATION

VECTOR BACKBONE
o lentiCRISPRv2 backbone (one-vector system)
o lentiGuide-Puro backbone (two-vector system)

Sanjana et al Nat Methods. 2014 Aug;11(8):783-4. doi:
10.1038/nmeth.3047.(How to cited)
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How do we start?
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How does this compare to others’ research?

This study (MOI 0.01, top 36 genes)

This study (MOI 0.3, top 36 genes)

Zhu et al. (Fig. 2B, top 36 genes)

Wei et al. (Fig. 1D, top 25 genes)

Heaton et al. (Table S2, top 36 genes)




We have the genes now what?
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Can we use this information for other viruses?
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cWas there a significant pathway?
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Cytoplasmic ribosomal prolens
Nuclear receptors meta-pathway
Senescence and autophagy in cancer
Mevalonate pathway
Ferroplosis
NRF2 pathway
Adipogenesis
SREBF, miR33 Click on image to zoom |
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Genotoxicity pathway
miR-517 relationship with ARCN1 and USP1
Complement and coagulation cascades
Copper homeostasis
Lung fibrosis
Photodynamic therapy HIF-1 signaling
PPAR signaling pathway
Photodynamic therapy NFE2L.2 signaling
. Translation factors
R Prostaglandin synthesis and regulation
Oncostatin M signaling pathway
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BB Overview of nanoparticle effects
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Front Physiol. 2021; 12: 750544. PMCID: PMC8632007 o o @

Published online 2021 Nov 11. doi: 10.3389/fphys.2021.750544 PMID: 34858206
RESOURCES
Endosomal Cholesterol in Viral Infections — A Common Denominator? o )
Similar articles +
Mirco Glitscher and Eberhard Hildt "
Cited by other articles +
» Author information » Article notes » Copyright and License information ~PMC Disclaimer
Links to NCBI Databases -+
Abstract Goto: »
J Biol Chem. 2023 Jun; 299(6): 104763. PMCID: PMC10140059
Published online 2023 Apr 28. doi: 10.1016/j.jbc.2023.104763 PMID: 37119851

The role of high cholesterol in SARS-CoV-2 infectivity

Hao Wang,!?® Zixuan Yuan,!?® Mahmud Arif Pavel, ' Sonia Mediouni Jablonski,* Joseph Jablonski,*
Robert Hobson,?® Susana Valente,* Chakravarthy B. Reddy,” and Scott B. Hansen'2*

» Author information » Article notes » Copyright and License information PMC Disclaimer




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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ANY QUESTIONS?
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