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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/

3

New Breeding Techniques (NBTs)-Targeted Gene Editing



Molecular characterization of editing events

• T7 Endonuclease 1 (T7E1) Assay

• High-resolution fragment analysis (HRFA)

Sanger Sequencing

Amplicon Sequencing (NGS)

Medium-throughput assays

High-throughput assays
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Sequence: BnGTR2 844-883 Sam.33  1_pJET12forClipped length:
Left clip:
Right clip:
Avg. qual. in clip.:

1066
7
1072
56.28

Samples:
Bases:
Average spacing:

13375
1118
12.0

Average quality >= 10: 25, 20: 37, 30: 1046

Clip. 1 BQ 20 WL 10 Quality: 0 - 9
10 - 19
20 - 29
>= 30

A GG G A A A TC C
10

T A T A G G G A G A
20

G C G G C C G C C A
30

G A T C T T C C G G
40

A T G G C T C G A G
50

T T T T T C A G C A
60

A G A T C C T T C C
70

T C C G C C G T G T
80

A C G A T G

G C T C
90

T G T T A T G G C G
100

G T T G A T T C T G
110

T T G A G G A A G A
120

A G T T G G G G A G
130

A C C A A A G T C G
140

T T T A C A G A G G
150

C T G G A A A G T C
160

A T G C C C T T

T A
170

T C A T T G G T A A
180

C A C A A A C T T T
190

T T T T T A T A A A
200

C T T T C T T C T T
210

T T G T T C C A A G
220

A A A A A A A A C T
230

A T T T T T T A T T
240

G C T T T T C A T G
250

T

T T T T T T A C A
260

A A A T A A A T A A
270

T C A A T A G T C A
280

G A A G A A A T G A
290

A G A G G A A A A C
300

A T C A G T C T T G
310

C T A T T G G T T T
320

G A T T T T T T C A
330

A A A A

A A A A T C
340

G T G A G A T T C T
350

C T G T A C T G T T
360

G T C A A A A G C T
370

T T G A C T T A G T
380

C A A C C A G T T T
390

T T C A A G A A A A
400

T T A A A A A A A G
410

A G A G T G A G

A T
420

C T A G A A T T T G
430

A G A A G G T T T C
440

A G A A C A T A A C
450

T G A T C A A G A A
460

T C A A C T G T A T
470

G A T T C A T G C A
480

A A G C T T G A G G
490

C A T A T G A G A T
500

C A



DNA Extraction and PCR for Initial Screening
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Plant Genotyping Without DNA Purification

Requirements
v Dilution Buffer from Thermo Scientific Phire Plant Direct PCR Kit
v Sterile pipette tips (100 or 200 μL)
v Young leaves (0.5 – 1 cm)

Protocol
1. Take a leaf and place it in a 0.5 mL microcentrifuge tube, then add 15 μL of Dilution Buffer.
2. Crush the leaf sample with a pipette tip by pressing it briefly on the bottom or wall of the tube. The

solution should have a greenish color.
3. Then, add 25 μL of sterile water. Centrifuge the tube until the leaf material settles to the bottom, and then

transfer the supernatant to a new tube.
4. Use a 1.5- to 2-μL template for a 20-μL PCR reaction.
5. DNA Samples in dilution buffer can be stored for up to 4 weeks at 4 °C. For long-term storage, store at

−20 °C (up to 6 months).

Tips for PCR
Ø Use 98°C for denaturation for 5 min.

Debora Gyllenör



High Resolution Fragment Analysis
v 3500 Genetic analyzer
v PCR with one of the primer attached Florescent dyes 
v 6 different dyes at the same time
v GeneMapper™ analysis
v Thermo Fisher ConnectTM

https://apps.thermofisher.com/apps/spa/#/dashboard
6



High Resolution Fragment Analysis
Fragment analysis using Thermo Fisher ConnectTM
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High Resolution Fragment Analysis

No mutation in both the alleles

Mutation in both the alleles

Mutation and non-mutation in alleles 
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High Resolution Fragment Analysis

Multiple PCR products in one sample
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High Resolution Fragment Analysis (HRFA) to Detect 
Mutations in Potato

10Andersson, M., Turesson, H., Nicolia, A. et al. 2017. Plant Cell Rep 36, 117–128 (2017). 
https://doi.org/10.1007/s00299-016-2062-3

a 1–2 allele mutated in the target region

b 2–3 alleles mutated in the target region

c 4 alleles mutated in the target region

d 3 alleles mutated in the target region

e 4 alleles mutated in the target region

f Wild type

Wild-type fragment is set to 0 on the bp scale.



Sanger Sequencing Result Analysis

PCR with gene-specific primers amplifying gRNA targeting DNA

Cloning and transformation

11



Amplicon Sequencing Analysis

Molecular characterization of editing events

NGS-Illumina-Next Generation Sequencing Technologies



Molecular characterization of editing events
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Molecular characterization of editing events



Questions?

selvaraju.kanagarajan@slu.se


