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Caroll 2013; Nat. Biotechnol.

* vezava proteina Cas9 in sgRNA na tar¢no zaporedje
* nastanek dvojnega preloma
* popravljalni mehanizmi vodijo v nastanek tar¢nih mutacij



https://www.nature.com/articles/nbt.2684

Popravljanje dvoveriznih prelomov
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prirejeno po Bortesi in Fischer 2015; Biotech. Adv.

* NHEJ = zdruzevanje nehomolognih koncev
* HR =homologna rekombinacija



https://www.sciencedirect.com/science/article/pii/S0734975014001931?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0734975014001931?via%3Dihub

Postopek pri rastlinah
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Detekcija mutacij

prirejeno po Khatodia in sod. 2016; Front. Plant Sci.

 Glavni koraki pri uporabi tehnologij tarcnega spreminjanja genomov pri Zlahtnjenju
rastlin:
* identifikacija regij PAM v tarcnem genu,
* priprava in kloniranje sgRNA v vektorije,
* vnos vektorjev v rastline s transformacijo,
* detekcija in identifikacija induciranih mutacij,

* odbira rastlin z Zeljenimi mutacijami v genomu.



https://www.frontiersin.org/articles/10.3389/fpls.2016.00506/full

Prvi primeri pri rastlinah
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Primer F = SVASRASATVEA TCCAAACCGTTCAATGCTGGAGTTGGTCTTTGCTCCTGE CAGAGGAATGGGTTGGACGGAGTGAC  +1
TCCAAALCGLICAATGCIGBAGTIGEICTITGUTUC TG a CAGAGGAATGUUTLGGACGGAGTGAL  +1
*= Primer R TCCAAACCGTTCAATGCTGGAGTTGGTCTTTGCTCCTGY CAGAGGAATGGGTTGGACGGAGTGAC  +1
TCCAAACCGTTCAATGCTGGAGTTGGTCTTTGCTCCTGE CAGAGGAATGGGTTGGACGGAGTGAC  +1
Infiltrate Agrobacteria  Extract genomig PCR-amplify across Clone PCR products Sequence Homozygous biallelic mutant (no.8)
carrying Cas9 and sgRNA  DNA and digest the target site TCCAAACCGTTCAATGCTGGAGTTGGTCTTTGCTCCTGa CAGAGGAATGGGTTGGACGGAGTGAC  +1
expression constructs with Myl Homozygous biallelic mutant (no.13)
into Nicotiana benthamiana leaf TCCAAACCGTTCAATGCTGGAGTTGGTCTTTGCTCCTGE CAGAGGAATGGGTTGGACGGAGTGAC  +1
b C Myl PAM TCCAAACCGTTCAATGCTGGAGTTGGTCTTTGCTCCT -~ -~AGGAATGGGTTGGACGGAGTGAC -4
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500 G02 AATGCCCCAAATTGGACTTGTTTCTGCCGTTAATTTGAGAG-~-CCAAGGTAATTCAGCTTATCTTTGGAGCTCGAGGTC -1
400 GO0l AATGCCCCAAATTGGACTTGTTTCTGCCGITAATTTGAGA--T-CCAAGGTAATTCAGCTTATCTTTGGAGCTCGAGGTC -1
E03 AATGCCCCAAATTGGACTTGTTTCTGCCGTTAATTTGAGAGTT-CCAAGGTAATTCAGCTTATCTTTGGAGCTCGAGGTC +1 T
300 BO1 AATGCCCCAAATTGGACTTGTTTCTGCCGTTAATTTGAGA--A-CCAAGGTAATTCAGCTTATCTTTGGAGCTCGAGGTC -1 T>A
C02 AATGCCCCAAATTGGACTTGTTTCTGCCGTTAATTTGAGAG-TACCAAGGTAATTCAGCTTATCTTTGGAGCTCGAGGTC +1 A
Mlyl-digested
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2013 Nekrasov in sod., Nat. Biotechnol.

2013 Shan in sod., Nat. Biotechnol.



https://www.nature.com/articles/nbt.2655
https://doi.org/10.1038/nbt.2650

d

Aplikacije

*Veoe .
* visji pridelek
* kvaliteta pridelka
* odpornost na herbicide
v .e
* odpornost na skodljivce
Target 1 PAM PAM Target 2
WT ACATAGTAARAGGTGTACCTGTGETGGAGACTGGTGACCATCTTTTCTGGTTTAATCGCCCTGCCCTTGTCCTATTCTIGATTAACTITGTACTCITTCAGG
Plant 1 ACATAGTAAAAGGTGTACCTGTGGTGGAGACTGGTGACCATCTTTTCTGGTTTAATCGCCCTGCCCTTGTCCTATTCTTGATTAACTTTGTACTCTTTCAGG
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2017 Nekrasov in sod., Scientific Reports
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2022 Pixley in sod., Nat. Gen.
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https://www.nature.com/articles/s41588-022-01046-7
https://www.nature.com/articles/s41598-017-00578-x

Zakonodaja, omejitve
Gene1e:|p|te;| CRISPR mushroom escapes Usregulation  danatech Seed launches world 's first GE
i tomato

Nature 532, 293 (2016) | Cite this article

By Maura Maxwell | 16 March 2021
10k Accesses | 317 Citations | 1762 Altmetric | Metrics

Japan's first gene-edited food is a tomato that contains four to five times more GABA, a
A fungus engineered with the CRISPR-Cas9 technique can be cultivated and sold substance reported to be effective in controlling high blood pressure.

without further oversight.

The common white button mushroom (Agaricus

bisporus) has been modified to resist browning.

Credit: Jose A. Bernat Bacete/Getty Images



https://www.nature.com/articles/nature.2016.19754
https://www.fruitnet.com/eurofruit/sanatech-seed-launches-worlds-first-ge-tomato/184662.article

CJEU (2018): ,Tar¢no preurejanje je genetska modifikacija, ki se ne uvrs¢a med izjeme GSO zakonodaje.’

Objectives of the proposal:

- Ensure high level of protection of health and the environment. These rules apply only for NGT
plants which are as safe as conventionally-bred plants. These plants are safe for humans, animals and
e the environment. For any other NGTs, GMO rules will still apply.
';i . EUROPEAN - Contribute to sustainability in a wide range of plant species, especially for the agri-food system.
A COMMISSION

Create opportunities for research and innovation, including for SMEs.

7

WHAT ARE NEW
GENOMIC TECHNIQUES?

Key elements of the new rules:

Establishment of two categories of

Brussels, 5.7.2023 plants obtained by NGTs:

COM{2023) 411 final

Category 1: Plants that are comparable
to naturally occurring variations
will require notification (and central
registration).

2023/0226 (COD)

Category 2: Plants with more complex
modications will go through the
more extensive process of the GMO-
regulation.

Proposal for a

Incentives to steer development of
REGULATION OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL plants in support of sustainability goals
Transparency about all NGT plants on
the EU market (for e.g. through labelling
of seeds)

on plants obtained by certain new genomic techniques and their food and feed, and
amending Regulation (EU) 2017/625

Robust monitoring of economic,
environmental and social impacts of
NGT products



https://food.ec.europa.eu/plants/genetically-modified-organisms/new-techniques-biotechnology_en

Protein CENH3 in vpliv na indukcijo haploidov
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* Pri krizanju z divjim tipom pride do nastanka

spontanih haploidov pri navadnem repnjakovcu
2015 Kuppu in sod., PLOS



https://doi.org/10.1371/journal.pgen.1005494

Metode raziskovanja

Rastlinski material:

Stiri hibridne sorte rdecega zelja (Bejo, Syngenta)

BIOINFORMACIJSKA ANALIZA o
podatkovne baze (EnsemblPlants, NCBI)

(20bp)

Clustal Omega v
CHOPCHOP U5 _ 4 gude | sgRNAbackoom |

v

guide sequence
G(N,) sgRNA backbone
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IZDELAVA EKSPRESIJSKIH VEKTORJEV P
tehnologija Gateway® in Golden Gate ".‘! Assembly of

‘ " sgRNA and Cas9

VNOS VEKTORJEV V RASTLINSKE CELICE IN DETEKCUA s O
MUTACLIJ

Delivery to plants

2015 Belhaj in sod., Current Opinion in Biotechnology



https://www.sciencedirect.com/science/article/pii/S0734975014001931?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0734975014001931?via%3Dihub

VNOS VEKTORIJEV

* metode prehodne
transformacije:

o transformacija protoplastov
o agroinfiltracija

* metode stabilne transformacije:

- " o transformacija z uporabo
bakterije Agrobacterium
tumefaciens

N

Staji¢ 2023: MDPI Plants

VNOS VEKTORIJEV V RASTLINSKE CELICE

IN DETEKCIJA MUTACIJ

— T

DETEKCIUA MUTACU

 izolacija DNA

* doloCanje tar¢nih mutacij: NGS,
T7E1, sekvenciranje po Sangerju
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- Referen¢no zaporedije

-~ 79,40 % (18978 odtitkov)
- 2,74 % (654 odtitkov)
- 2,40 % (573 od&itkov)
- 2,26 % (541 odtitkor)
- 1,40 % (335 odgitkov)
- 0,79 % (189 odcitkov)

0,69 % (166 odcitkov)
0,52 % (124 odcitkov)

- 0,51 % (122 odgitkov)
- 0,48 % (114 odcitkov)
- 0,39 % (94 odgitkov)
- 0,39 % (93 odgitkov)
- 0,35 % (84 odcitkov)
- 0,23 % (56 odcitkov)

20 % (48 odéitkov)



https://www.mdpi.com/2223-7747/12/17/3074
https://link.springer.com/article/10.1007/s11240-019-01665-9

Zakljucek

MODERN BIOTECHNOLOGIES
IN AGRICULTURE

Stevilne a P lika Cije prl s B New genomic techniques - the way forward for safe
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» podoktorski projekt Z4-3215: 'Optimizacija protokola za
CRISPR/Cas9 in tar¢no preurejanje nukleotidov pri zelju'
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