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CRISPR-Cas?
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#CRISPRFacts




CRISPR-Cas?

A, 2020 Nobel Prize

Y

™) /
/ { K
s L L &%
[/ ; 4 e it
> " T4 IO “n
‘ FES i
= -q v o
o b
2N
J
. b
s &17
Ine i
o\
v
ean for humanity sy Alice Park

REVOLYTION

in Chemistry

With new

5

Jennifer Emmanuelle
Doudna Charpentier




lllustration by Chris Labrooy ®@nature



CRISPR publications (on pubmed)

(Brouns et al., Science 2008)
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Dramatic impact of viruses on life...

COVID-I1S

Coronavirus Disease 2019

COVID-19
At-Home Test




= 102“infections/second!
= “Ifiwie lilme v all' thelviruses in the ocean, they wouldstreteh acrass! tie
ciemEier O the Milky Wey gelzxy o hvuheree) Hmes:” (Suttle 2007)
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OErSpProng CRIS“FPR‘—CaS“..’

1. Aclaptation
Store short DNA sequence from virus
into the CRISPR array




Qorsprong CRI S(Féi'ﬁ'—‘czé'§*'f;’

1. Aclaptation

Store short DNA sequence from virus
into the CRISPR array

2. Expression
Cas genes and CRISPR RNA expression
Formation of Cas-crRNA complex
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1. Aclaptation
Store short DNA sequence from virus
into the CRISPR array

2. Expression
Cas genes and CRISPR RNA expression
Formation of Cas-crRNA complex

| 3. Interference
%@ Cas-crRNA complex degrades virus
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First application

of CRISPR-Cas: |

virus-resistant bacterial he
PrOdUCtion Strains Streptococcus

thermophilus
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(Barrangou et al., Science 2007)



Qoersprong CRISPR-Cas

Expression Interference Adaptation Ancillary

Pre-crRNA Effector module (crRNA and target binding) Target cleavage Spacer insertion Regulation, Helper, role
processing dormancy unknown
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Is genetisch gereceschap
\ |/

You can change the
gRNA to any
sequence of interest!

-~ =
s Target

Cleavage




~ - CRISPR-Cas als genetisch gereedschap

s

How does cleaving
DNA help with
editing the DNA?




| CRISPR-Cas alls genetisch gereedschap

]

CRISPR-Cas e
counter-selects P
against the
wild-type allele

- Homology

and stimulates
DNA repair o  ewoma

[ I
Non-Homologuous Homology Directed Repair
End Joining (NHEJ) (HDR)




Il Repair by HDR
1 D

Cell death or repair by NHEJ
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June 2012

CRISPR-Cas9 invented
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' CRISPR=Cas als genetisch
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Gene editing “*¥ Epigenetics

Other... . Diagnostics



Deletions _
Insertions Knockouts
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Epigenetics Gene activation Effector
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{ Transcription repressor
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[Target gene } Human genome
l ] 1 ]
DNA targeting Regulation

vy Gene repression

Protein delivery

(Barrangou & Doudna, Nat Biotechnol. 2016)
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reporter cleavage lateral flow readout
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1. RNA detection by type Ill > cOA production

Type lll complex crRNA target RNA

cOA production

2. CARF activation by cOAs - signal

cOA reporter RNA
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(Steens et al., Nature Communications 2021)



CRISPR diagnostic company Scope Biosciences raises €1M funding
in a partnership with GenDx

November 5

raised €1M funding from Utrecht based GenDx, specialized in Next Generation Sequencing

NGS) products for transplant diagnostics.
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| CRISPR-Cas als genetisch gereedschap
Molecular recording
Reviving extinct species
‘Hybrid’ species
Gene drives (!)

(Mammoth revival project - Colossal Biosciences) (Pyrenean ibex) (“‘Woolly Mouse’ with mammoth-like traits)
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Healthecare

‘-
v Personalized medicine
v' Germline editing

v Diagnostics

x Delivery
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UK first to approve CRISPR
treatment for diseases: what you
need to know

The landmark decision could transform the treatment of sickle-cell disease and -
thalassaemia — but the technology is expensive.

NSCLC Patients

s

.- / y & _ e P Expansion

IN DEPTH

- . Normal T cells
BIOMEDICINE 2

Tweaking genes with CRISPR
or viruses fixes blood disorders

People with sickle cell disease or beta-thalassemia could

be freed of debilitating symptoms for a lifetime 4 N

-~ Electroporation




— Menu Amsterdam UMC

@i‘ﬂ Amsterdam UMC

& Vandaag

® 24 mei 2022

Eerste Nederlandse
patient behandeld met
CRISPR-Cas9-infuus

Innovatie Patiéntenzorg Zeldzame ziekten Genen

De eerste behandeling met CRISPR-Cas9-infuus in Amsterdam UMC is een Deeldit (W) (f) (in
feit! Na vier uur aan het infuus kon de patiént, die een ernstige vorm heeft van
het hereditair angio-oedeem (HAE), hog dezelfde dag naar huis. Wereldwijd is )

s s i " i ; Onderzoeksprofiel
hij de vijfde patiént met HAE die deze nog experimentele behandeling mocht Danny M. Cohn
ondergaan. Internist en onderzoeksleider Danny Cohn volgde het proces J
vanaf Bonaire, waar hij tijdelijk is gedetacheerd. Onderzoeksinstituut




FHealthecare

Herbivore impacts don’t depend [

Polymer networks with reversibly ‘
on species origin pp. 478 & 531

Reconstructing histories
tunable properties pp.481& 545

of sign languages p.519

. Ce 2 FEBRUARY 2024
p AVAAAS

L INHOT WATER

*How Will EI Nifio change in a warmer world? p.azz &5

“Type 11I-B CRISPR-Cas cascade
of proteolytic cleavages”
(Steens et al., Science 2024)

deVo“(sl(rant

HOME REGISTER NEWS FEATURES MEDIA ADVERTISING C2W (DUTCH)

NIEUWS

Nieuwe stap crispr-cas: foute
cellen tot zelfmoord drijven.
Straks in tumoren?

Een obscure bacterie blijkt zichzelf aan stukken te
knippen als hij een Vuusmfec tie oploopt, ontdekten
Wageningse xﬂvetenschappers. Bizar, diepzinnig en
mogelijk met verstrekkende consequenties. ‘De natuur is
soms prachtig.’

Maarten Keuleman

FEATURES

Type lll CRISPR-Cas launches ‘Destroyer
of Worlds’ to save colony

"-h ‘ L
The cell

= §f“'
e = =S
---:E‘f £

-

S

Wageningen researchers describe in Science how type Il CRISPR-Cas systems
activate a cascade of reactions that causes an infected bacterium to die, but the
rest of the colony to survive. ‘You could call it an altruistic act.’




v Climate-resilient crops

v Higher yields, less pesticides .« .

v' Speed breeding

v Biotechnology / fermentation «

x GMQO?
x (European) legislations
x Patents & malpractices

Bioreactor
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UNREGULATED BY USDA

Genetically engineered white button mushroom could
be the first of many new CRISPR-edited food products

Gene-edited pigs
to be sold as pets

SCIENCEINSIDER = EUROPE

European Parliament votes to ease regulation of
gene-edited crops

Move is a major victory for biotechnology, but debate remains over patents and labels

7 FEB 2024 - 6:20 PMET - BY ERIK STOKSTAD




ERVIrOnNMENT

v' More resilient ecosystems

v Control invasive species

v Eradication of disease-
carrying pests

x Ecological (in)balance




Gene Drives

STANDARD INHER

Mosquito with *
modified gene X

ITANCE

W

Wild-type
mosquito

Each parent passes on
one chromosome of a
pair to its offspring.

Offspring have a

kl)’l
50%, chance of o
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modified gene. W N\
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h‘lodified gene spreads slowly through population.

GENE-DRIVE INHERITANCE

The gene-drive system cuts the partner chromosome, then the
repair process copies the modification to this chromosome.

Mosquito with : 3/ Wild-type
modified gene + * mosquito
gene drive. N
& / X

— W ————

Cut § Repair
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Nearly 1009 of
offspring inherit
the modified
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hodiﬁed gene sweeps rapidly through population.




Where do we
draw the
line?

Embryo editing
divides scientists

Researchers disagree over whether making heritable
changes to genes crosses an ethical line.

BY DAVID CYRANOSKI

esearch that uses powerful gene-editing
Rtechniques on human embryos needs

to be restricted, scientists agree — but
they are split over why.

Some say that if safety fears can be allayed,
such applications could have a bright future, and
could help to eradicate devastating diseases.
Others say that modifying the DNA of
embryos, which means that the changes
could be passed on to future generations,
isan ethical line that should not be crossed.

The concerns are laid out in an article'
published in Nature on 12 March and in one
expected to appear in Science, amid suspicions
that scientists have already edited the genes of
human embryos.

DESIGNER BABIES ¥

I
CRISPR/Cas9 makes precisely targeted gene edits.
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Plant breeding
What IS a GMO?
Public perception

Accessibility

Cross Breeding

www.biofortified.org

Mutagenesis

Follow us on Twitter (@franknfoode) or join our Facebaok Page
By Layla Katirass (@BrochicaCMO! in colladoraton with Kar Haro von Mogel (@kjwm!

2015 Biclogy Fortified, inc

Shared under a Creatie Commone Attribution- e e 0 @

NonCommercial-NoDerwatives License
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Take home messages

* CRISPR-Cas is an adaptive antiviraﬁmmune
system in bacteria. ,

* CRISPR-Cas genome editing is a dlsruptlve
technology for many different flelds ’

* Many technical, ethical and Ieglslatlve.hurdles
still left to tackle

5
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