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The selected paper



Paper Objective and Abstract



What is citrus canker?

• Citrus canker caused by Xanthomonas citri subsp. citri (Xcc) is one of 

the most destructive diseases causing severe yield losses in all citrus 

producing regions worldwide. 

Transmission election micrograph of Xanthomonas citri
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• The primary strategy for control of citrus canker relies on an integrated 

disease control approach.
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• The primary strategy for control of citrus canker relies on an integrated 

disease control approach.

Disadvantages of this approach:

high cost 
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• Breeding resistant cultivars is the most efficient and economical 

approach in the long term to control citrus canker. 

Genetic engineering is the FASTEST
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What is the problem?

❑ No active resistance genes have been identified in citrus 

➢ High degree of heterozygosity

➢ Wide host range of Xcc



CsLOB1

• All plant genes that facilitate infection and support compatibility are 

considered to be susceptibility genes. 

• LATERAL ORGAN BOUNDARIES 1 (CsLOB1) the susceptibility 

gene for citrus canker, plays a critical role in promoting pathogen 

growth and erumpent pustule formation



PthA4

• The main transcription activator-like (TAL) effector of Xcc, PthA4, 

specifically binds to EBE in the CsLOB1 promoter.

• Activate expression of CsLOB1 to favor citrus canker development. 



Solution

• Mutation on EPE !

• Suppress expression of CsLOB1 gene, therefore no development of 

citrus canker!  

• Such mutations do not interfere with the developmental functions of 

the targeted genes.







ONLY PthA4 EBE mutations that repress or abolish the TAL-inducible 

expression of CsLOB1 may enhance plant disease resistance.





Main sources 

Wanjincheng orange (WJ) Xanthomonas citri (Xcc)

From infected sweet orange leaves



What are the Controls?

Satsuma Mandarin (SM) Chandler Pummelo (CP)
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Method and Results 

• High resolution melting analysis (HRM)

- Extracted genomic DNA from citrus leaves

- Genotyping of the CsLOB1 promoter 

- PCR 

- Direct Sequencing of the PCR amplicons

Figure1. a) High Resolution Melt (HRM) analysis is a powerful technique in molecular biology for the 

detection of mutations, polymorphisms and epigenetic differences in double-stranded DNA samples.

Mandarinpummelo

Three types of indel were present among the three species



Method and Results 

• Direct Sequencing of the PCR amplicons

Figure.1 b) Direct sequencing analysis of the CsLOB1 promoter in Wanjincheng orange. 

Mandarin 

pummelo



Method and Results 

• Vector construction

Figure 2 CRISPR/Cas9-mediated modification of the CsLOB1 promoter in Wanjincheng orange

(a) Schematic structure of CsLOB1

(b) Schematic diagram of pCas9/ CsLOB1sgRNA vectors



Method and Results 

• Vector construction 

The pCas9-GN vector (Figure S10) was used to construct CRISPR/ Cas9 expression 

vectors for citrus transformation



Method and Results

• Citrus transformation 

Figure created by Afnan Khaled



Figure.2 (c) Representative chromatograms of CsLOB1 promoter mutations. ‘⊿#bp’ indicates the number of 

deleted nucleotides; ‘*’ indicates an insertion; ‘CM’ indicates chimera mutations

Method and Results

• Sequencing analysis for all transgenic plants 

Deletion of the entire EPE

Chimeric mutation

Biallelic mutant 



Method and Results

• Gene expression analysis

Figure.3 a) Expression of CsLOB1 in mutant plants after Xanthomonas citri subsp. citri (Xcc) inoculation. At 1 

day postinoculation (dpi), CsLOB1 transcripts in leaves were analysed by quantitative real-time PCR (qPCR). 

Purple WT

Orange S2-5 deletion of 182 bp upstream the EPE

Blue S2-6 deletion of the entire EPE

Yellow S2-12 deletion within the EPE 

Green S5-13 chimera mutation



Method and Results

Figure.3 b) Time course of CsLOB1 expression in 

mutants after Xcc inoculation. Transcript levels of 

CsLOB1 in leaves were determined by qPCR

Purple WT

Orange S2-5 deletion of 182 bp upstream the EPE

Blue S2-6 deletion of the entire EPE

Yellow S2-12 deletion within the EPE 

Green S5-13 chimera mutation

• Gene expression analysis



Method and Results

• Gene expression analysis

Figure.3 c) Statistical analysis of transcripts of 

CsLOB1G and CsLOB1- in citrus mutants. 

Frequency (%) indicates the percentage of each 

CsLOB1 mRNA out of the total mRNAs tested. 



Figure 4 a) Representative sequences of CsLOB1 mutations induced by CRISPR/Cas9
Frequency (%) was calculated based on the number of clones with the same mutation out of the total number of 
clones sequenced.

Method and Results

• Assay of resistance to citrus canker  
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Method and Results

• Assay of resistance to citrus canker  

Figure.4 b) Assay of resistance to Xanthomonas citri subsp. citri (Xcc) in mutant plants

Purple WT

Orange S2-5 deletion of 182 bp upstream the EPE

Blue S2-6 deletion of the entire EPE

Yellow S2-12 deletion within the EPE 

Green S5-13 chimera mutation



Method and Results

deletion within the EPE

deletion of the entire EPE 

deletion of 182 bp upstream the EPE

chimera mutation 



Figure.4 Disease lesion area (c) and disease index (d) of leaves of 
each mutation line were investigated at 9 dpi. 

Method and Results

• Assay of resistance to citrus canker  



Method and Results

Figure.4 e) Growth of Xcc in leaves of mutant plants.

• Assay of resistance to citrus canker  



Method and Results

• Analysis of potential off-target sequences 

• Mutations in all of the putative off-target loci were detected in the mutant 

lines tested. However, the off target frequencies were low (5.0–10.0%) 

and all of the mutations consisted of 1-bp point mutations
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Conclusion

• Promoter editing of CsLOB1G alone was sufficient to enhance citrus canker 

resistance in Wanjincheng orange.

• Deletion of the entire EBEPthA4 sequence from both CsLOB1 alleles conferred a 

high degree of resistance to citrus canker. 

• The results demonstrate that CRISPR/Cas9-mediated promoter editing of 

CsLOB1 is an efficient strategy for generation of canker-resistant citrus cultivars.

• The present results show that CRISPR/Cas9- induced mutagenesis is precise 

and efficient in citrus, which will help to accelerate basic research and genetic 

improvement in citrus



Possible applications

• The concept can be applied to any plant containing susceptibility 

gene! 

• Example: Powdery mildew (PM) caused by Podosphaera

aphanisis a major fungal disease of cultivated strawberry

• Mildew resistance locus o (Mlo) genes in strawberries.  




