Genome editing



Intermediate approach:
Genome editing

A form of mutations
or
aform of precise gene editing
or
aform of site specific transformation.



What can we expect from GE?

A All traits which were identified as potentially
beneficial and are recessive (including about
50% or plant resistance genes)

A All traits that were identified as usefull (such
as no tear onions) and were caused by RNAI «
other GMO technigues



What about regulation?

A Within or without the scope of GMO
legislation?

A July 2018: European Court of Justice decided
that GE = GMO

A What actually mean USDA decission not to
regulate?



Wil such traits improve public trust?

A Depending on how it will be presented.



Three technical
options:
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GMO REGULATION

European legislation does not see conventionally mutated crops as an environmental risk. Because the tech-
nique has been in use since 1930, there is a lot of knowledge about its safety. Techniques such as CRISPR-
Cas do not have that kind of track record yet, and therefore come under the strict GMO regulation.
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The DNA of a tomato has one billion DNA letters. If you compare a modern

DNA letters tomato with a wild ancestor, 20 million DNA letters differ. Those differences
changed came about through breeding and using radiation or chemical treatments:

mutagenesis techniques.
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CRISPR-Cas is a new technology for creating genetic variety.
This precise gene-editing technology is used to cut through a DNA
letter at a particular location. The technology is developing very
fast. There are now variants that not only cut through the DNA,
but also change DNA letters, from a C to a T, for example. This
makes the outcome more predictable.

DNA letter
changed
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CRISPR/Cagfrhnology has a proven role to
cleavemethylatedDNA in human cells which is
highly unlikely with TALENs and ZF3, [
thereby permitting genomic alterations that
are otherwise nego zones for many nucleases
[24]. While this fact is yet to be precisely
examined in plants, it is justifiable to accept,
that the capacity to cleave methylated DNA is
core to the CRISPR/Cas9 system which makes
its reliance on the target genome redundant.
In plants, generally, 70% GpNpGCpGsites

are methylated, in particular, th€pGslands
that occur frequently in most of the plant
promotersand adjoiningexons[93].



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/gene-drive
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/methylation
https://www.sciencedirect.com/science/article/pii/S0885576517303272#bib37
https://www.sciencedirect.com/science/article/pii/S0885576517303272#bib24
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cpg-site
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/promoter-genetics
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/exon
https://www.sciencedirect.com/science/article/pii/S0885576517303272#bib93

Gene-edited CRISPR mushroom escapes US
regulation

A fungus engineered with the CRISPR-Cas9 technique can be cultivated and sold without
further oversight.

Emily Waltz
14 April 2016

The US Department of Agriculture (USDA) will not regulate a mushroom genetically modified with
the gene-editing tool CRISPR-Cas9.

The long-awaited decision means that the mushroom can be cultivated and sold without passing
through the agency's regulatory process — making it the first CRISPR-edited organism to receive a
green light from the US government.

“The research community will be very happy with the news,” says Caixia Gao, a plant biologist at the
Chinese Academy of Sciences’s Institute of Genetics and Developmental Biology in Beijing, who
was not involved in developing the mushroom. “I| am confident we'll see more gene-edited crops
falling outside of regulatory authority.”
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A single gene knoehut:
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PRRS virus : massive losses

Na farmi v Nem3¢aku poginili pras: X
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Akcije Na farmi v Nemscaku poginili prasici zaradi sindroma =3
ETEERIE PRRS sobota, 05.12.2000
Zanimivosti : A
avior: Natasa Brulc Siftar
P Pomurje Na prasiéji farmi Nem$¢éak naj bi po poroéanju
e nekaterih medijev poginjali prasic¢i. Govori se o
P stotinah poginulih zZivali, predvsem pa naj bi $lo za IZPOSTAVLJENI CLANKI J
mlade pujske. Kot je za Murski val povedal direktor R

Rajski zeleni koticek > : L e e D
Panvite Veterina Toncek Gider, je bil na omenjeni

farmi v preteklih mesecih res nekoliko povecan
pogin mladih pujskov zaradi prasic¢jega in
respiratornega sindroma (PRRS), gospodarske
bolezni prasicev, ki je razsirjena po vsem svetu, tudi
v Sloveniji. Bolezen ni nevarna ne ljudem ne drugim
domacim zivalim. Omenjena bolezen nima nobene
zveze s sarsom. "Omeniti velja, da se po ukrepanju
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Milanov dobil novinarsko
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BIOTECH

Scientists Breed Pigs Resistant to

a Devastating Infection Using
CRISPR

And the race to develop commercial applications for the revolutionary gene-editing tool is off
and running

marec 2016
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Fig. 2. Examples of potential target genes for crop improvement. Genome editing tools will be widely used to remove
unnecessary chemicals in crops, such as (A) acrylamide in potato, (B) melanin in apple, (C) phytic acid in maize,
and (D) caffeine in coffee. There is a list of genome-edited plants by ZFN, TALEN, or CRISPR/Cas9 system
(Baltes and Voytas 2014; Araki and Ishil 2015).



Engineering Plant Immunity: Using CRISPR/Cas9
to Generate Virus Resistance

_2"_ Syed Shan-e-Ali Zaidi*?, % Manal Tashkandi, Shahid Mansoor? and Magdy M. Mahfouz"

| aboratory for Genome Engineering, Division of Biclogical Sciences, King Abdullah University of Science and Technology, Thuwal, Saudi
Arabia

ZNational Institute for Biotechnolegy and Genetic Engineering, Faisalabad, Pakistan

Plant viruses infect many economically important crops, including wheat, cotton, maize, cassava, and
other vegetables. These viruses pose a serious threat to agriculture worldwide, as decreases in cropland
area per capita may cause production to fall short of that required to feed the increasing world population.
Under these circumstances, conventional strategies can fail to control rapidly evolving and emerging plant
viruses. Genome-engineering strategies have recently emerged as promising tools to introduce desirable
traits in many eukarvotic species, including plants. Among these genome engineering technologies, the
CRISPR (clustered regularly interspaced palindromic repeats)/CRISPR-associated g (CRISPR/Casq)
system has received special interest because of its simplicity, efficiency, and reproducibility. Recent
studies have used CRISPR/Casg to engineer virus resistance in plants, either by directly targeting and
cleaving the viral genome, or by modifving the host plant genome to introduce viral immunity. Here, we
briefly describe the biology of the CRISPR/Casg system and plant viruses, and how different genome
engineering technologies have been used to target these viruses. We further describe the main findings
from recent studies of CRISPR/Casg-mediated viral interference and discuss how these findings can be
applied to improve global agriculture. We conclude by pinpointing the gaps in our knowledge and the
outstanding questions regarding CRISPR/Casg-mediated viral immunity.



Initial studies to target plant viruses using genome engineering
focused on ZFN to target Rep binding sites/iterons of
begomoviruses.

Alternately, targeting the conserved regions of virus would
confer comparatively durable resistance. Three conserved
regions among Rep of monopartite begomoviruses were
identified and tested for broad-spectrum resistance.

Four recent studies demonstrated the power of the
CRISPR/Cas9 system to efficiently confer resistance to
geminiviruses in plants (Figure 3).


http://journal.frontiersin.org/article/10.3389/fpls.2016.01673/full#F3
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