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Whole Genome Sequencing (WGS) has emerged as 
one of the most powerful technologies transforming modern 
agriculture by bridging the gap between laboratory science 
and field-level decision-making. It enables the complete 
decoding of the genetic material of plants, pathogens, and 
insect pests, providing insights far beyond traditional 
diagnostic tools based on visual symptoms or basic molecular 
techniques. In plant pathology, WGS allows rapid and 
comprehensive identification of bacterial pathogens—
including unknown or emerging strains—within a short time. 
Unlike symptom-based diagnosis or PCR, which require 
prior knowledge of the pathogen, WGS provides an unbiased 
genetic profile that helps detect virulence factors, 
antimicrobial resistance genes, and transmission pathways. 
This improves disease surveillance, outbreak tracking, and 
quarantine enforcement. Portable platforms such as 
Nanopore sequencing have further enhanced its practical 
value by enabling real-time pathogen detection directly in the 
field. 

From the perspective of plant breeders, WGS offers 
an entirely new way of selecting and improving crop varieties. 
Instead of relying only on physical traits such as yield, plant 
height, or visible resistance, breeders can now explore the full 
genetic architecture of crops and identify specific genes 
responsible for important characteristics such as disease 
resistance, drought tolerance, flowering time, and nutrient-
use efficiency. This information strengthens marker-assisted 
and genomic selection approaches, shortens breeding cycles, 
and leads to development of resilient crop varieties. WGS 

also enables the detection of subtle genetic variations that 
conventional breeding might miss, creating new 
opportunities for innovation in crop improvement. In the 
realm of entomology, WGS is equally transformative. It 
enables comprehensive genomic analysis of insect pests, 
improving species identification, population genetics, and 
understanding of insecticide resistance mechanisms. WGS 
helps differentiate cryptic species and biotypes, track the 
spread of invasive pests such as Spodoptera frugiperda, 
Helicoverpa armigera, and whiteflies, and identify genes 
responsible for host adaptation and virulence. For insect 
vectors of plant pathogens—such as aphids, leafhoppers, 
whiteflies, and thrips—WGS provides insights into genes 
influencing transmission efficiency and host preference. The 
technology also strengthens biological control programs by 
improving genomic characterization of natural enemies and 
entomopathogens. 

The value of WGS lies in its ability to combine 
speed, accuracy, and depth of information. Short-read 
sequencing technologies such as Illumina provide highly 
accurate data for detecting point mutations, whereas long-
read platforms like Nanopore and PacBio allow better 
assembly of complex genomes and detection of structural 
variations. Nanopore sequencing stands out due to its 
portability and real-time capabilities, making it suitable for 
both laboratory and field applications. This blend of accuracy 
and accessibility makes WGS a practical solution to real-
world agricultural challenges. 

Table 1. Milestones in Whole Genome Sequencing (WGS) 

Year Milestone / Event Details 
1977 First DNA sequencing method Sanger sequencing developed (Sanger, Nicklen & Coulson, 1977) 
2000 First plant genome sequenced Arabidopsis thaliana genome (Arabidopsis Genome Initiative, 

2000) 
2002 Advancement in whole-genome shotgun 

sequencing 
Applied widely for early plant and microbial genomes 

2005 Introduction of next-generation 
sequencing (NGS) 

Revolutionized high-throughput genomics (Mardis, 2008) 

2005 First rice genome sequenced Oryza sativa japonica (IRGSP, 2005) 
2007 International HapMap Project (Phase II) Major milestone in population genomics, LD mapping, SNP 

catalogs 
2009 First plant pan-genome published Demonstrated gene presence–absence variation (Brassica, 

Arabidopsis) 
2009 Completion of maize reference genome Zea mays B73 genome (Schnable et al., 2009) 
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2011 First WGS of fungal plant pathogen Magnaporthe oryzae (Dean et al., 2005) 
2017 First WGS of an insect pest Helicoverpa armigera (Pearce et al., 2017) 

2018–
2020 

Global Fall Armyworm genomics Worldwide populations sequenced (Spodoptera frugiperda) – BGI 
Group (2019) 

2019 Expansion of pan-genome era Large-scale pan-genomes for rice, maize, soybean, wheat, sesame 
2020 Portable Nanopore sequencing 

mainstreamed 
MinION widely adopted (Church & Deamer concept, 1998) 

2020 Groundnut MAGIC population WGS Drought-tolerant ICGV 91114 MAGIC lines sequenced (Sinha 
et al., 2020) 

2023 HapMap integration in crop 
improvement 

Rice HapMap3, Wheat 10+, Sesame HapMap2, legume HapMaps 

2025 
(Projected) 

Draft genomes of field-isolated 
nematodes 

Heterodera species genome sequencing 

 

Table 2: Comparison of Short-read, Long-read, and Nanopore Sequencing 

Short-read Sequencing 
(Illumina) 

Long-read Sequencing (PacBio, Nanopore) Nanopore Sequencing (ONT – 
MinION, GridION) 

Produces very short reads (100–
300 bp) 

Produces long reads (10 kb to >100 kb) A type of long-read technology using 
nanopores 

High accuracy (≥99.9%) Moderate to high accuracy (platform-
dependent) 

Accuracy improving; still lower than 
Illumina 

Best for SNP detection and small 
variants 

Best for structural variants and genome 
assembly 

Best for real-time, field-based 
sequencing 

Low cost and very high 
throughput 

Lower throughput, higher cost Portable, USB-powered, field 
deployable 

Struggles with repetitive regions Resolves repeats and complex regions Excellent for rapid pathogen/pest 
detection 

Requires lab setup Requires lab instruments Works outside the lab (farms, forests, 
ports) 

Ideal for resequencing and 
diversity studies 

Ideal for de novo genome assembly Ideal for surveillance & diagnostics 

 

Advantages of Whole Genome Sequencing in Plant 
Pathology 

i. Provides unbiased, comprehensive genomic profiles 
without requiring prior knowledge or culturing. 

ii. Enables rapid identification and differentiation of 
pathogen species, strains, and genotypes. 

iii. Reveals virulence factors, antimicrobial resistance 
genes, and host specificity traits. 

iv. Supports real-time pathogen detection through 
portable sequencing devices. 

How Farmers get Benefitted 
Even if farmers don’t handle genetic sequencing 

themselves, they benefit through: 
a. better crop varieties tailored to local climates 
b. early-warning systems for pests and diseases 
c. precision agriculture tools powered by genetic 

insights 

d. reduced need for chemicals thanks to resistant crops 
Practical Pipeline: From Whole Genome Sequencing to 
Field Applications 

1. Sample Preparation & Sequencing:  
Collect tissue, extract DNA, and perform 
sequencing using short-read or long-read platforms. 

2. Quality Control: Use tools (e.g., FastQC) to assess 
and clean raw reads. 

3. Genome Alignment/Assembly: Align reads to a 
reference genome using BWA or assemble de novo 
if needed. 

4. Variant Calling: Identify SNPs, INDELs, and 
structural variants using tools like GATK. 

5. Variant Annotation: Predict functional impacts 
using software such as ANNOVAR or SnpEff. 

6. Genotype–Phenotype Association: Perform GWAS 
or genomic selection to link variants with traits of 
interest. 
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7. Selection Decisions: Use identified markers for 
marker-assisted or genomic selection. 

8. Validation & Breeding Implementation: 
Validate selected lines in field trials and integrate 
them into crop improvement programs. 
This pipeline ensures that complex genomic data is 

translated into meaningful, actionable outcomes for plant 
pathologists, breeders, and entomologists. 

Benefits of WGS for Plant Breeders 

1. Identification of genes and markers associated with 
key agronomic traits. 

2. Supports GWAS and high-density genotyping for 
mapping complex traits. 

3. Aids hybrid development by analysing heterosis and 
allele combinations. 

4. Enables precise gene editing and targeted genetic 
interventions. 

5. Improves understanding of crop domestication and 
adaptation. 

Table 3. Practical applications include rapid development of stress-tolerant, disease-resistant, and high-yielding varieties 
through informed parental selection and genomic prediction. 

Crop / Variety Trait Findings References  
Samba Masuri (Rice) Aroma, grain quality Genomic studies identified SNP markers 

linked to aroma and cooking quality. 
Vinod, K. K., et al. 
(2023) 

IR64 (Rice) Blast resistance WGS/GWAS identified resistance genes 
against Magnaporthe oryzae. 

Singh, R., et al. (2022) 

Swarna Sub1 (Rice) Submergence tolerance Sequencing confirmed presence of Sub1A 
gene for flood tolerance. 

Xu, K., et al. (2023) 

Nipponbare (Rice) Reference genome First fully sequenced rice variety; used as 
reference for mapping and GWAS. 

Kawahara, Y., et al. 
(2022) 

PBW343 (Wheat) Rust resistance WGS identified resistance loci against leaf 
rust; used in breeding programs. 

Singh, D., et al. (2024) 

HD2967 (Wheat) Drought tolerance Marker-assisted breeding and WGS identified 
stress-tolerance genes. 

Yadav, S., et al. (2023) 

DH618 (Maize) Drought tolerance WGS and GWAS identified genomic regions 
linked to drought resilience. 

Li, Q., et al. (2024)  

B73 (Maize) Reference genome Fully sequenced inbred line used as reference 
for maize genomics. 

Jiao, Y., et al. (2022)  

ICGV 91114 
(Groundnut) 

Drought tolerance MAGIC population WGS used to identify 
candidate genes for stress tolerance. 

Rathore, A., et al. 
(2024)  

JL 24 (Groundnut) Oil content and disease 
resistance 

Sequenced for trait-associated marker 
development. 

Varshney, R. K., et al. 
(2023)  

 

Conclusion 
Whole Genome Sequencing represents a significant 

leap forward in plant pathology, entomology, and plant 
breeding. It strengthens disease diagnostics, improves 
resistance breeding, enhances pest surveillance, and supports 
sustainable agriculture. As sequencing technologies continue 
to advance and become more accessible, the role of WGS in 
shaping the future of crop protection and improvement will 
only grow stronger, making it an indispensable tool in next-
generation agricultural research. 
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