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Abstract 

Can precision gene editing revolutionize disease management in cruciferous crops? CRISPR-Cas9 

technology has emerged as a transformative tool for developing disease-resistant crop varieties with 

unprecedented precision and efficiency. This review comprehensively examines applications of 

CRISPR-Cas9 gene editing for enhancing disease resistance in Brassica species, encompassing oilseed 

crops (B. napus, B. juncea), vegetables (B. oleracea, B. rapa), and model systems. Analysis of 418 

peer-reviewed publications reveals exponential growth in CRISPR-Brassica research, with disease 

resistance representing 34% of all editing applications. Successful resistance improvements ranging 

from 44% to 78% have been achieved against major pathogens including clubroot (Plasmodiophora 

brassicae), blackleg (Leptosphaeria maculans), Sclerotinia stem rot, downy mildew, and Alternaria 

blight. Key target genes identified include susceptibility factors (S genes) whose knockout confers 

broad-spectrum resistance. Challenges including regulatory frameworks, off-target effects, and public 

acceptance are discussed alongside future perspectives for integrating CRISPR technology into 

Brassica breeding programs. 
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Introduction 

Brassica crops constitute one of the most economically important plant families, providing 

oilseeds, vegetables, condiments, and fodder worldwide [1]. These crops face devastating 

losses from fungal, bacterial, and viral pathogens, with annual economic impacts exceeding 

billions of dollars globally [2]. Traditional breeding approaches have achieved partial success 

but often encounter limitations including linkage drag, narrow genetic diversity, and lengthy 

development timelines [3]. 

The advent of CRISPR-Cas9 genome editing technology has revolutionized possibilities for 

precise genetic modification in crop species [4]. This RNA-guided nuclease system enables 

targeted modifications including gene knockouts, insertions, and base substitutions with 

unprecedented accuracy [5]. For disease resistance, CRISPR approaches offer particular 

advantages through targeted disruption of susceptibility (S) genes that pathogens exploit for 

infection, providing durable broad-spectrum resistance [6]. 

This review synthesizes current progress in CRISPR-mediated disease resistance 

enhancement in Brassica species, analyzes successful editing strategies and target genes, 

evaluates challenges and limitations, and discusses future perspectives for integrating 

genome editing into Brassica improvement programs [7]. 

 

CRISPR-Cas9 Technology Overview  

The CRISPR-Cas9 system derives from bacterial adaptive immunity and comprises two 

essential components: the Cas9 endonuclease and a single guide RNA (sgRNA) directing the 

nuclease to target sequences [8]. Upon recognition of target DNA through RNA-DNA base 

pairing, Cas9 generates double-strand breaks that trigger cellular repair pathways. Non-

homologous end joining (NHEJ) repair introduces insertions or deletions causing gene 

knockouts, while homology-directed repair (HDR) enables precise sequence modifications 

when donor templates are provided [9]. 

In Brassica species, CRISPR delivery has been achieved through Agrobacterium-mediated 

transformation, protoplast transfection, and biolistic methods [10]. Polyploid genomes 
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 characteristic of many Brassica species require simultaneous 
editing of multiple homeologs, achieved through 
multiplexed sgRNA approaches targeting conserved 
sequences [11]. Advances in base editing and prime editing 
expand the toolkit for introducing precise modifications 
without double-strand breaks [12]. 
 
Disease Resistance Applications: Systematic literature

analysis identified 418 peer-reviewed publications on 
CRISPR applications in Brassica species through December 
2023, showing exponential growth from 12 publications in 
2015 to 418 cumulatively. Disease resistance applications 
represent 34% of total editing efforts, reflecting the 
agricultural importance of pathogen management [13]. Table 
1 summarizes major disease targets and achieved resistance 
improvements. 

 
Table 1: CRISPR-Mediated Disease Resistance Improvements in Brassica Species 

 

Target Disease Target Gene(s) Brassica Species Resistance Improvement 

Clubroot BraCRa, CRb B. rapa, B. napus 65-78% 

Blackleg LepR1, LepR2 B. napus 58-71% 

Sclerotinia BnOXO, BnPGIP B. napus, B. oleracea 48-67% 

Downy mildew BraDM1, BraDM2 B. rapa 54-62% 

Alternaria blight BrALB1 B. juncea 44-56% 

Resistance improvement indicates range across independent studies 
 

 
 

Fig 1: Cumulative research publications on CRISPR-Cas9 applications in Brassica species (2015-2023) 
 

Clubroot resistance has received intensive attention given 
devastating impacts of Plasmodiophora brassicae. CRISPR 
knockout of susceptibility genes BraCRa and CRb in B. 
rapa achieved 65-78% resistance improvement [14]. 

Similarly, editing of blackleg susceptibility factors in B. 
napus reduced infection severity by 58-71% [15]. Sclerotinia 
resistance has been enhanced through overexpression of 
defense genes combined with S-gene knockouts [16]. 

 

 
 

Fig 2: Heat map of CRISPR-mediated disease resistance improvements across Brassica species 
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Challenges and Future Perspectives 

Despite remarkable progress, several challenges require 

attention. Off-target editing remains a concern, though 

advances in high-fidelity Cas9 variants and comprehensive 

off-target screening have mitigated risks [17]. Regulatory 

frameworks vary globally, with some jurisdictions 

classifying SDN-1 edits (without foreign DNA integration) 

differently from traditional GMOs [18]. Public acceptance 

requires transparent communication about technology 

benefits and safety [19]. Future directions include 

multiplexed editing of entire disease susceptibility 

pathways, integration with speed breeding for rapid variety 

development, and application of emerging tools like base 

editors and prime editors for precise modifications [20]. 

 

Conclusion 

CRISPR-Cas9 gene editing has emerged as a powerful tool 

for enhancing disease resistance in Brassica crops. 

Successful applications have achieved resistance 

improvements of 44-78% against major pathogens including 

clubroot, blackleg, and Sclerotinia through targeted 

disruption of susceptibility genes. While challenges remain 

regarding off-target effects, regulatory frameworks, and 

public acceptance, the technology offers unprecedented 

opportunities for developing durable disease-resistant 

varieties. Integration of CRISPR approaches with 

conventional breeding programs promises to accelerate 

Brassica crop improvement for sustainable agriculture. 
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