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Content

+ (Gene/Genome Editing

+ History — development of technologies
* CRISPR-cas — How does it work

* Applications
Social/political/legallUPOV discussion

Definitions

Gene editing or Genome editing
Container name for techniques capable to
introduce targeted changes of the genetic
material.
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SSN

Sequence-specific nuclease (SSN) technology

SSN-history

Zinc-finger nucleases (ZFN) 2002

Transcription Activator-Like Effector Nucleases (TALEN) 2010

CRISPR-Cas-based RNA-guided DNA endonucleases
published in Science in 2012
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Break through

ital wetenschappelijke publicaties

over het CRISFR-( :|'-.'.:|.~.1|.~|'|r.|I

2010 0
2011 1
2012 3
2013 100
2014° 215

1) zocksermen i PabMed: CRISPR. Cand
2) tot 3092014

In PubMed (for the 2012 paper) it's exponential: 120 citations the fist year, 400
in 2013, 600 in 2014, and morethan 1200 as of October 2015.

There wasa pent-up needfor thetechnology to manipulaiegenomesto be easgy
and that'swhat we're sesing now.

CRISPR-cas9

Clustered Regularly Interspaced Short Palindromic Repeat (CRISPR)
Cas = CRISPR-associated; genes that code for nucleases

Together these form the immuunsystem of bacteria againstalien
(wiral) DMA

It iz @ RNA-driven genetic silencingmechanismthatresemhbles
eukaryatic micraRMNA silencing mechanisms
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- CRISPR-cas9

a Immunization
m Cas genescodefor cas-nuleases
5 CRISPR-locus consists of

| 1_,-" repeatsand spacers

Spacersaretemplatesfor

Repeats
—- L I I | I IEI [ short CRISPR-derived RMA [crRMA)

...... 20 nucleotides

Togetherwith tracrRMNA, crRMNA

Cas o Y A - forms 3 hybrid RNA

CRISPR-cas9
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- CRISPR-cas9

Target DNA

Onlyalien DNAiscut, notthehost
RNA

Repair mechanism

1. Non-homologous end- joining

Double Stranded Break

. Repair by NHE)

. InDel InDel Premature
Frameshift Stop Codon
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Repair mechanism

2. Homologous-directed repear

Spacific
Change
HDR Repair Left Homology Arm ] mignt Homology Arm
Template
Target La o
ﬁ"Cusﬁ-ll'mdl.lr:rlul Daoulle
‘ Stranded Break

Specific Change Introduced
To Genomic DNG& by HDR

3

mRNA

Also applicable in Eukaryotes

crRNA and tracrRNA is combined to form a chimaere RNA
(single guide RNA = sgRNA)

* CRISPR-Cas system can be introduced into plant cells:

— Agrobacterium tumefaciens or Rhyzobium radiobacter
— Protoplasts

— Virusses used as vector

* Construct has a signal to lead Cas9 to the cel nucleus.
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Null-variant |

Broken scissors
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Null-variant Il

CRISPR epigenetics

Biological switch

Inducible CRISPR
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Advantages

= Gene-editing is possible onvery specificlocationsin all living
cells.

* Fast, cheap, effectiveand ‘Dummy” proof.

* Changeswith CRIPSR-Cas9 donotleave sequence and vector
sequencies. Therefore not different from ‘normal” mutations.

= Single locus or multi-locus

* Ondifferentlevels
— Targetedchangesin DNA
— Regulation (inhibit or stimulate —on/off switch)

— Epigenetic processes

Example

* Resistence for Powdery mildew in polyploid crop.

Powdery mildew resistance in wheat using 55N-1

55N-mediated mutation was used to knock-out the expression of
the susceptibility gene mlo in bread wheat. Silencing of this gene
led to resistanceto powdery mildew. Wang, ¥P. et al. (2014)
Simultaneous editing of three homoeoalleles in hexoploid bread
wheat confers heritable resistance to powdery mildew. Nat.
Biotechnol. 32, 947-951
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Risks

» Off-target effects

— Not enough specificity in sgRNA (only 20 nt and
adjacent to PAM sequence)

— Experimental conditions can effect off-target binding

Social, political, legal discussion

Are CRISPR-Castechniques GM
In USA first(mushroom)variety

released as non GM variety. o S
Other commercial varieties (Mais)  regutaton
on the way.... P g

DuPont Poneer 1o Commerciakze First CRISPR-
Cas Product
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Social, political, legal discussion

*  Advisory board Dutch government on GM (COGEM):
CRISPR-Cas products cannot unambiguously be assessed:
— Transgene (GM)
— Mutations/Indels (sometimes GM / sometimes non-GM)

— Regulation of expression (non-GM)

Social, political, legal discussion

» Regulatory system: Process-based vs Product-relaoted
— Process: the process and used techniques are subject for regulation

— Product: properties of a8 product or organism determine need for
regulation. Inthis casethe regulation does not need to be adjusted
followingtechnological and scientific developments

= Revision of European regulations needed

= Gap between science and legislation is widening rapidly. This may have
huge consequences for industry , science and society
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Social, political, legal discussion

GMO in EU: Genetic modification inagricultural crops isrelatively
limited. Conventional breeding is stilla good alternative.

Techniques as CRISPR-Cas affect the whole biotechnological industry,
the medical sector included. Major economic consequences.

Ethical questions: enhancement” vs eradicating hereditary diseases.

UPOV type discussion

Potential to produce large volumes of varieties, targeted to
specific applications?

Targeted editing to create a clear distinct variety with same
market properties?

Tiny or small differences; undermining the Right?

Not only breeding companies can do it?

Interesting for patenting?

Should UPQV be part of the debate?
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