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Where to start……

Crop?

Method

Tissue culture?
Gene Information and gRNA Design?

Mutant screening?

Regulation?



v Clustered regularly interspaced short palindromic repeats and CRISPR-associated protein-9 (CRISPR-
Cas9)

v Directing a guide RNA (gRNA) complementary to a defined target, together with a CRISPR-associated 
endonuclease, Cas9, to create double-stranded DNA cleavage 

v gRNA: crispr RNA (crRNA), a 17-20 nucleotide sequence complementary to the target DNA, and a 
tracrRNA, which serves as a binding scaffold for the Cas nuclease

https://www.synthego.com/
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New Breeding Techniques (NBTs)-Targeted Gene Editing



Plasmid-based editing (Transgene-free) 

RNP-based editing (Transgene & DNA-free)

https://eu.idtdna.com
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Antinutrient factors (ANF) in rapeseed

GSL (in seed)
15-30 µmol/g DW

GSL (in leaf)
40-80 µmol/g DW

GSL transporters
(6 GTR1, 6 GTR2)

GTR Importers
??

Long-distance glucosinolate transport

Anti-Nutritional Factors

Glucosinolates: Sulfur-containing compounds-bitter-
interfere with thyroid function
v Synthesized in vegetative tissues and transported to 

seeds-regulated by glucosinolate transporter (GTR) 
genes (GTR1 and GTR2) and UMAMIT genes

v Glucosinolates-sulfur- and/or nitrogenous secondary 
metabolites

v Glucosinolates-defense compounds against pests

UMAMIT-Exporters

Photo: Anja Persson

Seedcake/meal
Protein: 35-45%
Rich in Tryp & Threonine
Good amounts of Lys, Met & Cys
Fiber: 10-12%
Fat: 3-5%

Sanden et al. 2024
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Ø Transport of GSL- Source to Sink

Ø Usually Multiple Amino Acids Move in And Out Transporter (UMAMIT)- Exporter- Source into apoplast

Ø Glucosinolate transporters (GTRs) – Importer-Apoplast into the phloem

Ø UMAMIT Exports Phloem into the apoplast

Ø GTR imports into the Sink. 



Gene identification
Functionally characterized genes from Arabidopsis

Arabidopsis database

GTR1 gene
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Brassica napus databases
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NCBI databases for B. napus 
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NCBI genome database for B. napus 
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General workflow for cloning of a target genes

DNA extraction and PCR

Primer design based on untranslated regions/genes based on 
reference genome

Agarose gel electrophoresis

Gel extraction of PCR product

Sanger Sequencing with vector specific 
and gene specific primers

Cloning into vector and E. coli transformation

Plasmid purification
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General workflow for cloning 
of a target gene from cDNA

RNA extraction

cDNA synthesis

PCR using gene specific primers

Gel extraction of PCR product

Sanger sequencing with vector specific 
and gene specific primers

Cloning into vector and transformation into E.coli 

Plasmid purification

Agarose gel electrophoresis

12



gRNA Design

gRNAs targeting 
Multisequence

https://multicrispr.net/multalign_input.html



Off Target Prediction
http://www.rgenome.net/cas-offinder/

http://skl.scau.edu.cn/offtarget/



Questions?

selvaraju.kanagarajan@slu.se


