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What is gene editing?

Gene editing is the use of technology to change an
organism’s DNA.



Why is gene editing important?

Cystic Fibrosis Huntington’s Disease Hemophilia

Many researchers are currently using gene editing to cure disorders.



What are some ways to perform gene editing?
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What is CRISPR/Cas9?
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This technique uses CRISPR and the Cas 9 protein nuclease to edit the genome.



How does the CRISPR-CAS9 gene editing system work?
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Oct. 2020, Jennifer Doudna and Emmanuelle Charpentier receive Nobel Prize for discovery of
CRISPR/Cas 9
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Why has CRISPR revolutionized science?

It allows us to manipulate
genetic sequences in any
species

We can perform genome
wide editing and screens




What can CRISPR do in humans?
movie
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YouTube video: 4min

https://www.youtube.com/watch?v=kkvslrfaCLY




What are the pros and cons of CRISPR/Cas9?

Advantages:
Fast
Affordable

More accurate and efficient

Disadvantages:

Can cause unintended mutations or loss
of genomic sequence

Unethical




What are some other applications of CRISPR/Cas9?
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4)\ Xiong X, et al. 2016.
Annu. Rev. Genom. Hum. Genet. 17:131-54




How can CRISPR be used in a genome-wide screen?
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Lentivirus vectors Envelop Packaging Expression

What are lentiviruses
and how are they to
moved into the cell?

HEK293T cell
transfection

Lentiviruses are viral RNA that is
converted to DNA by transfection and
transduction. entivieus




There are two types of

genome-wide CRISPR screens

Pooled library screening

@ viral
plasmids

Arrayed library screening

plasmid / virus / oligos

ok
virus ‘:3 ﬁ Preparation of cells

pooled library g

+/- Cas9
low MOI - ‘ -
transduction C Library delivery )
cells grown

in single vessel

'

selection for transduced cells

'

positive or negative selection
for phenotype of interest

|

next-generation
iiciscarcatciar.. sequencing of
oo TSMGCATCISATAT integrated sgRNAS

in genomic DNA pool

statistical analysis
of sgRNAs enriched
or depleted by
selection

A 4

Measurement

A J

Analysis &
Output

A J

(' Validation of hits )

@% oM =S

J @ibrary preparatiorD

7 (r‘!‘r

arrayed library

transfection or
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selection for sgRNA-containing cells?
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perturbation (e.g. compound treatment)?
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Acquisition of phenotypes
by automated microscopy or
fluorescence / luminescence
detection

'

Analysis of phenotypes
e.g. by automated image analysis
and data normalization

y

ranked phenotype

for each sgRNA (e.g.
average spot number
per cell, fluorescence,
cell morphology, etc.)



What model organisms do genome wide CRISPR screens use?

67, 405 constructs 2 weeks
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\ _%- , ,_‘Q Drosophila CRISPR sgRNA libraries
'@ @  Perrimon Lab, Harvard Medical School

Group 1: Kinases/phosphatases (7,956 sgRNAs for 995 genes)
Group 2: 1-fly-to-many-human (17,827 sgRNAs for 2979 genes)
Group 3: All other genes (59,406 sgRNAs for 9954 genes)

Mice and drosophila are common
model organisms used in genome wide
screens.

Perrimon Lab Drosophila CRISPR Pooled Libraries



How has CRISPR been used to understand SARS-CoV-2 biology?
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A Crisp(r) New Perspective on SARS-CoV-2 Biology
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Complementary genome-wide CRISPR-Cas9 screens performed by multiple groups reveal new insights into
SARS-CoV-2 biology including aspects of viral entry, translation, replication, egress, and the genes regu-
lating these processes. Comparisons with other coronaviruses enhances our understanding of the cellular
life cycle of this medically important family of emerging viruses.
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REVIEW

CRISPR-cas systems based molecular diagnostic tool for infectious diseases and
emerging 2019 novel coronavirus (COVID-19) pneumonia

Xiaohong Xiang®, Keli Qian®, Zhen Zhang", Fengyun Lin®, Yang Xie®, Yang Liu® and Zongfa Yang®
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ABSTRACT

Emerging infectious diseases, the persistent potential for destabilising pandemics, remain a global threat
leading to excessive morbidity and mortality. The current outbreak of pneumonia caused by 2019 novel
coronavirus (COVID-19) illustrated difficulties in lack of effective drugs for treatment. Accurate and rapid
diagnostic tools are essential for early recognition and treatment of infectious diseases, allowing timely
implementation of infection control, improved clinical care and other public health measures to stop the
spread of the disease. CRISPR-Cas technology speed up the development of infectious disease diagnostics
with high rapid and accurate. In this review, we summarise current advance regarding diverse CRISPR-Cas
systems, including CRISPR-Cas9, CRISPR-Cas12 and CRISPR-Cas13, in the development of fast, accurate and
portable diagnostic tests and highlight the potential of CRISPR-Cas13 in COVID-19 Pneumonia and other
emerging infectious diseases diagnosis.
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CRISPR/Cas9 Summary

What are some ways to perform gene editing?

Gene editing is used to modify DNA
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el CRISPR/Cas? is a gene editing tool that
targets and cleaves DNA to edit and

regulate genes
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How can CRISPR be used in a genome-wide screen
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Recent advancements?
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XENO-ORGAN TRANSPLANTATION
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By using CRISPR and transposon constructs, pigs have been genetically modified to f O a single lous

Konrad Fischer & Angelika Schnieke
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CRISPR is being used to modify pigs so that their organs have more compatibility
with human organs.
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