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• The majority of our users cost BRACT into their research grants 
– Can provide text for grant applications/ letters of support/ advice on timescales 

• Full range of transformation services: From the design and build of 
constructs; to production of primary transgenics, next generation transgenics 
(T1/T2) to basic phenotyping 

Primary transgenics  
8-12 weeks 

Basic Phenotyping (case-by-case) GH facilities for generating T1 seed 
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Evaluation of CRISPR/Cas9 as a tool 
to generate knock out mutants in 

your favourite gene 

Tom Lawrenson  



Double strand break and error prone repair by non-homologous end joining 
   to create indels (small insertions or deletions) 



Recovering plants containing only the target mutation  

Curtin et al. (2012) The Plant Genome 5: 2 



• CRISPR targeting of GA4 on chromosome 5 Brassica oleracea DH1012 
 

• Constructs easily assembled using GoldenGate cloning   
• Level 1 Cas9 transcriptional unit available 
• Level 1 gRNA cassettes synthesised for around £30 each 

 
• 2 constructs: 1 with single GA4 gRNA and 1 with pair of GA4 gRNAs 

 
 

Arabidopsis U626 promoter Guide RNA including 20bp target sequence 

CVMV promoter Cas9 with C-terminal NLS T-nos 



Target Gene 

PCR  FORWARD PCR REVERSE 

TARGET 1 TARGET 2 

1    2    3    4   5    6   7   8   9   10   11 

Single guide RNA strategy 

Paired guide RNA strategy 

Screen to 
detect indels 
caused by 
imperfect NHEJ 
repair 

Screen to detect deletions corresponding to distance between two targets 

RE 



Single guide T0 screen. Enriched for mutations by restriction digestion followed by PCR.  
Bands in + (restriction) lanes were cloned and sequenced to reveal indels at target locus. 

Paired guide T0 screen. Enrich for mutations by restriction digest followed by PCR. 
Band shift to lower position indicates deletion at target locus confirmed by sequencing 



• 80 primary T0 plants generated 
 

• A subset of 20 were screened for indels/deletions 
 

• 2/20 lines screened were active  
indicating 10% of transgenics will be active for the knockout  

Results 





• T1 screening for homozygotes and heterozygotes via PCR and direct sequencing 
• 96 T1 plants per active line 
• One T0 active line showed no indel activity in T1 
• Second active line showed high frequency of multialleic events (50/96) 



2/80 T0 plants showed dwarf phenotype consistent 
with GA4 knockout mutant in Arabidopsis 

PCR and direct sequencing (no 
enrichment) showed C5 GA4 
homozygous for frameshift 
mutations. Checking C8 copy 
showed only WT sequence. 



Two gRNAs used to target chromosome 5 GA4 and relation to chromosome 8 copy 

PAM  

Mismatch 



Summary 

• Most guides appear to be functional 
 

• Consider how to screen material in advance (Phenotypic and genotypic if 
possible) 

• Make use of transient expression systems where available 
• Weak mosaic type activity occurs most often in T0 primary transgenics (active 

lines). This indicates where you are likely to find high frequency indel 
occurrence in T1 generation 
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