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Abstract 

Wheat blast, a devastating fungal disease, poses a substantial threat to global wheat 

production. This article delves into the genomic aspects of the rise of wheat blast, offering 

insights into its evolution, diversity, and the quest for resistance. Beginning with an overview 

of wheat blast as a global menace, the importance of understanding its genomics for effective 

management is underscored. The genetic and pathotype diversity within wheat blast 

populations are explored, drawing on historical studies and case examples from Brazil, Japan, 

and Bangladesh. The current landscape of wheat blast resistance is examined, spotlighting 

successful cultivars and underlying challenges in breeding programs. Genomic analyses, 

including whole-genome sequencing and the role of CRISPR/Cas9 technology, shed light on 

the intricate genetic makeup of the pathogen. The article concludes by emphasizing the 

significance of global collaboration and envisions a future with sustainable and resistant wheat 

crops. This genomic narrative serves as a blueprint for tackling wheat blast, contributing to 

global food security. 

Keywords: Wheat blast, Genomic diversity, Resistance breeding, CRISPR/Cas9, Agricultural 

sustainability, Global collaboration. 

Introduction 

In the vast fields where wheat sways with the breeze, a silent threat has been emerging, 

jeopardizing the very foundation of our global wheat production. Wheat blast, a destructive 

fungal disease, has become a pressing concern, causing widespread yield losses in regions 

spanning South America, South Asia, and Africa. Unlike the more familiar rusts and smuts, 

wheat blast poses a unique challenge due to its rapid spread and the limited availability of 

resistant wheat varieties (Valent et al., 1991; Moscou et al., 2011). 
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As we grapple with the impact of this pathogen on our staple grain, delving into its 

genomic intricacies becomes imperative. Understanding the genetic makeup of the wheat blast 

pathogen, formally known as Magnaporthe oryzae Triticum pathotype (MoT), holds the key to 

developing effective management strategies. It's not just about deciphering the language of 

genes; it's about unraveling a genomic tale that narrates the evolution, diversity, and resistance 

mechanisms of this formidable adversary (Oliveira-Garcia et al., 2014). 

This article navigates through the genomic landscape, addressing critical questions 

about wheat blast and offering insights into its rise. Join us in deciphering the genetic code that 

dictates the pathogen's behavior and understanding how genomics can fortify our defenses. 

Through this journey, genomics serves as our guide, revealing the secrets of wheat blast and 

charting a course toward a resilient future for our wheat fields. 

Genetic and Pathotype Diversity 

Genetic and Pathotype Diversity in Wheat Blast 

At the heart of the wheat blast saga lies a rich tapestry of genetic and pathotype diversity 

within the Magnaporthe oryzae Triticum pathotype (MoT) populations. Understanding this 

diversity is akin to deciphering the distinct dialects spoken by different strains of the pathogen, 

each posing its own set of challenges to wheat crops worldwide (Urashima et al., 2009; 

Duveiller et al., 2016). 

Historical Perspective 

Unraveling the genetic code of wheat blast has been an evolving narrative. Key studies, 

such as those by Urashima in 1993 (Urashima et al., 1999) and Maciel et al. in 2014 (Maciel 

et al., 2014), have been pivotal in uncovering the layers of diversity within MoT populations. 

These studies laid the groundwork for our current understanding, revealing the existence of 

distinct clonal lineages, mating types, and varied virulence groups. 

Population Structure and Gene Flow 

The evolutionary potential of a pathogen is closely tied to its genetic and pathotype 

diversity. As elucidated by McDonald and Linde in 2002, a highly diverse pathogen presents 

formidable challenges in terms of management. Insights from studies in Brazil, Japan, and 

Bangladesh underscore the intricate dance of gene flow and population structure, revealing 

both sexually fertile and sterile populations. The implications of this genetic interplay reach 

beyond borders, shaping the landscape of wheat blast on a global scale. 
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Case Studies: Notable Findings in Brazil, Japan, and Bangladesh 

In Brazil, Maciel et al. (2014) uncovered a relatively large clonal percentage in wheat-

infecting populations but observed no subdivision among them. In Japan, Tosa et al. (2004) 

identified two distinct populations, one sexually fertile and one sterile, emphasizing regional 

variations. Bangladesh, a key player in the wheat blast narrative, poses intriguing questions 

about the sexual fertility of its strains and their diversity within the blast population (Malaker 

et al., 2016; Cruz et al., 2012). 

Implications for Resistance Breeding Strategies 

As we navigate the complex terrain of genetic and pathotype diversity, the implications 

for resistance breeding become evident. The ability of the pathogen to evolve, mate, and 

disperse locally or over long distances underscores the importance of tailoring resistant 

breeding strategies to this dynamic landscape. The genetic nuances uncovered pave the way 

for targeted approaches in developing wheat varieties resilient to the diverse array of wheat 

blast strains. 

Wheat Blast Resistance: Current Landscape 

Overview of Wheat Cultivars Resistant to Wheat Blast 

In the ongoing battle against wheat blast, a ray of hope emerges from wheat cultivars 

showcasing resilience to this formidable pathogen. These resistant varieties stand as beacons 

in the field, holding promise for mitigating the impact of wheat blast on global wheat 

production (Table 1). 

Table 1: Wheat Blast-Resistant Cultivars and Their Characteristics 

Cultivar Origin Resistance 

Level 

Key Features 

Milan Brazil High Successfully used in breeding programs 

Caninde 1“S” Brazil High Demonstrated resistance to wheat blast 

BR8 Brazil High Notable for its high level of resistance 

BARI Gom 33 Bangladesh Moderate to 

High 

First commercially available blast-

resistant variety 

MACS-6478 India Moderate to 

High 

Developed based on the Milan cultivar 

 



Vol. 4 Issue- 6, February 2024                                                                (e-ISSN: 2582-8223) 

                                                                                                                                                                                                                                                                  

www.justagriculture.in                                                                
 

 

P
ag

e2
9

7
 

Success Stories: Milan, Caninde 1“S,” BR8, BARI Gom 33, and Others 

Several wheat cultivars have proven their mettle in the face of wheat blast onslaught. 

Notable success stories include Milan, Caninde 1“S,” and BR8, each demonstrating high levels 

of resistance to the wheat blast fungus. A breakthrough comes in the form of BARI Gom 33, 

the first commercially available wheat variety exhibiting resistance to wheat blast under field 

and laboratory conditions. 

Table 2: Wheat Blast Resistance Genes Identified in Various Studies 

Resistance 

Gene 

Chromosome 

Location 

Effective 

Against 

Limitations and Considerations 

RmgTd(t) Tetraploid 

wheat 

White cultures Moderately resistant, associated with 

hypersensitive reaction 

Rmg2 7A Seedling stage Ineffective at high temperatures and during 

heading stage 

Rmg3 6B Seedling stage Ineffective at high temperatures and during 

heading stage 

Rmg7 2A Against Br48 Disease response similar to St24 

Rmg8 2B Seedling and 

heading 

Recognizes AVR-Rmg8, effective at 

temperatures above 24°C 

2NS 

Translocation 

Wild wheat 

relative 

Head 

resistance 

Background-dependent and partial 

effectiveness 

 

Challenges in Breeding Programs 

Despite the success stories, breeding programs encounter substantial challenges. 

Limited phenotyping capacity restricts the screening of numerous lines for blast resistance, 

necessitating a focus on hotspot locations. The time-intensive nature of classical breeding 

further compounds these challenges, with the development of a commercial variety taking 

several years. 

Genetic Basis of Resistance 

The genetic battleground against wheat blast unfolds with known Resistance (R) genes 

entering the fray. Milan, for instance, has played a crucial role in breeding programs, giving 

rise to resistant varieties like Paragua CIAT, Sausal CIAT, and Milan3/Atila/Cimmyt3. Rmg2, 
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Rmg3, Rmg7, and Rmg8 are among the identified R genes conferring blast resistance at 

different stages (Goddard et al., 2020). 

The Need for Additional Resistance Sources Against Evolving Pathogen Strains 

As wheat blast evolves, the efficacy of known R genes faces challenges. Rmg2, Rmg3, 

and Rmg7 have been surpassed by more aggressive field isolates, emphasizing the urgency of 

identifying additional sources of resistance. The dynamic nature of the pathogen demands a 

continuous quest for novel resistance genes to fortify our defenses against wheat blast. 

Genomic Analyses of Wheat Blast 

The quest to unravel the mysteries of wheat blast takes us deep into the genomic realm. 

Researchers worldwide have delved into the genomic landscape of the wheat blast pathogen, 

offering a treasure trove of insights into its evolution and diversity. The availability of genomic 

resources has become a cornerstone in the battle against this global threat. 

Insights from Whole-Genome Sequencing of M. Oryzae Isolates 

The genomic saga unfolds with the sequencing of over 50 Magnaporthe oryzae isolates, 

the causative agent of wheat blast. These sequences, now publicly accessible, reveal intriguing 

similarities in genomic sizes and structures. With a ~40-megabase pair genome, transposon-

rich M. oryzae boasts around 13,000 genes distributed across seven chromosomes (Oliveira-

Garcia et al., 2014). 

Genetic Differences and Lineages Within M. Oryzae 

Genetic nuances within M. oryzae are illuminated through whole-genome sequence 

data. Divergent lineages, each favorably associated with specific host genera, paint a picture of 

incipient speciation driven by host shift or range expansion. Genetic exchanges, even with 

incomplete lineage sorting, contribute to the formation of multiple lineages within this fungal 

pathogen. 

Importance of Dispensable Mini-Chromosomes in Effector Evolution 

In the genomic tapestry of wheat blast, mini-chromosomes emerge as key players in the 

evolutionary theater. These dispensable entities, distinct from core chromosomes, harbor 

effector genes and contribute to the pathogen's effector repertoire. Mini-chromosomes, 

characterized by rapid changes and mobile evolution, provide a fascinating glimpse into the 

dynamic nature of the wheat blast pathogen. 

CRISPR/Cas9 for Customized Resistance Genes 
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Harnessing the power of CRISPR/Cas9, researchers pave the way for customized 

resistance genes against wheat blast. This revolutionary gene-editing tool has demonstrated its 

effectiveness in modifying the genomes of various crops. The disruption of susceptibility 

genes, such as OsERF922 in rice, showcases the potential of CRISPR/Cas9 in enhancing 

resistance to fungal infections (Valent et al., 1991; Moscou et al., 2011). As we navigate the 

genomic landscape, CRISPR/Cas9 stands as a promising tool for crafting tailor-made defenses 

against wheat blast. 

CRISPR/Cas9 Technology: A Game-Changer for Wheat Blast 

In the arsenal of modern biotechnology, CRISPR/Cas9 stands out as a transformative 

force. This revolutionary genome-editing tool has garnered attention for its precision, 

versatility, and efficacy. As we confront the challenges posed by wheat blast, CRISPR/Cas9 

emerges as a promising ally in the quest for resilient crops (Cruz et al., 2012). 

Successful Applications in Other Crops and Potential for Wheat Blast Resistance 

The success stories of CRISPR/Cas9 extend across various crops, from rice to maize, 

showcasing its remarkable potential for crop improvement. As we set our sights on wheat blast 

resistance, the adaptability of CRISPR/Cas9 comes to the forefront. The ability to precisely 

target and modify specific genes positions CRISPR/Cas9 as a beacon of hope in fortifying 

wheat against the relentless onslaught of the blast pathogen. 

Case Studies: Disruption of OsERF922 and Other Genes in Wheat 

The application of CRISPR/Cas9 in wheat takes center stage with notable case studies. 

The disruption of susceptibility genes, exemplified by the targeted editing of OsERF922 in 

rice, serves as a paradigm for enhancing resistance to fungal infections. As researchers delve 

into the intricacies of the wheat genome, CRISPR/Cas9 emerges as a tool capable of tailoring 

genetic defenses to combat wheat blast. 

Challenges and Considerations in Applying CRISPR/Cas9 for Blast Resistance 

While the potential of CRISPR/Cas9 in bolstering wheat blast resistance is undeniable, 

challenges loom on the horizon. Ethical considerations, off-target effects, and regulatory 

frameworks necessitate a cautious approach. As we navigate the path of genome editing for 

crop improvement, addressing these challenges becomes imperative for responsible and 

sustainable agricultural practices. 

Future Prospects and Advancements in Genome Editing for Wheat Blast 
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The journey with CRISPR/Cas9 is just beginning, and the future holds exciting 

prospects for genome editing in the battle against wheat blast. Continuous advancements in 

technology, coupled with a deeper understanding of the wheat genome, pave the way for 

innovative strategies. As we envision a resilient future for wheat crops, CRISPR/Cas9 unfolds 

as a beacon guiding us toward a new era of precision agriculture. 

Conclusion 

In deciphering the genomic tale of wheat blast evolution, our journey unveils the 

intricate dynamics shaping this formidable threat to global wheat production. The call to action 

resounds for sustained research, robust breeding efforts, and judicious application of 

biotechnological tools, notably CRISPR/Cas9. Emphasizing global collaboration, we envision 

a future where resilient, resistant wheat crops stand as guardians against wheat blast, ensuring 

food security worldwide. This genomic narrative is not just a story; it's a blueprint for a 

sustainable agricultural future. 
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