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SUMMARY

Banana cultivation is a crucial economic and nutritional lifeline in tropical countries such as India, but
it faces serious threats from various viral infections. These diseases not only cause significant yield losses but
also reduce farmers’ income, and threaten national food security. Conventional diagnostic methods often fail to
detect these viruses; ELISA struggles with low viral loads, and asymptomatic or latent infections, while PCR is
limited by its strict requirement for prior genetic information, sensitivity to strain variability, and inability to
identify novel viruses. Next Generation Sequencing (NGS) emerges as a game-changing solution. NGS analyses
all genetic material simultaneously, providing a sequence-independent approach that can detect novel or cryptic
viruses with exceptional sensitivity. This technology enables early asymptomatic detection, facilitates monitoring
of virus evolution, and deepens our understanding of natural plant defense mechanisms. Despite its high
equipment cost and the requirement for skilled data analysts, NGS stands tall. Its implementation can help policy
makers and growers to secure virus-free tissue culture planting materials, establish disease monitoring
programmes, and strengthen global food security.

INTRODUCTION

The Banana's masked turmoil: Banana is a staple crop and source of revenue for millions of farmers,
particularly in tropical nations like India. However, viruses such as the banana bunchy top virus (BBTV), banana
streak virus (BSV) complex, cucumber mosaic virus (CMV), banana bract mosaic virus (BBrMV) and banana mild
mosaic virus (BanMMYV) pose a serious threat to banana cultivation. The most hazardous of them are the BBTV
and CMV, which have gained attention because of their catastrophic banana epidemics in Central, Western and
Southern India. There are now serious CMV disease outbreaks in Jalgaon district of Maharashtra, often referred to
as the ‘Banana City of India’ raising worries about crop loss and the financial impact on farmers. It not only reduces
income of farmers, but it can also reduce exports, affect national food security and cause economic hardships.
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Figure: Techniques used in plant virus detection (Image enhanced by Google Gemini)
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BBTV (Nanoviridae) has a multipartite circular single-stranded DNA genome and causes erect, narrow
leaves showing morse code with dark green streaks and gives a bunchy top appearance. BBrMV (Potyviridae) and
BanMMV (Betaflexiviridae) possess positive-sense single-stranded RNA genomes. BBrMV leads to reddish-black
streaks and mosaic on infected bracts, whereas BanMMV shows mild symptoms with faint streaks or no clear
symptoms. CMV (Bromoviridae) has a tripartite positive-sense RNA genome and induces mosaic, chlorosis on
leaves, heart rot and stunting. BSV complex (Caulimoviridae) has a double-stranded DNA genome, often
integrated into the banana genome, complicating its detection. The spread of these viruses infecting banana occurs
mostly through insect vectors and mechanically via contaminated tools or planting materials. Conventional
diagnostic methods (such as ELISA) often face limitations in detecting these viruses due to low viral load,
heterogeneous distribution within host tissues, and latent or asymptomatic infections. Sequence variability among
viral strains in CMV or BBrMV can result in primer- template mismatches reducing amplification efficiency and
sensitivity of PCR. In case of endogenous banana streak virus (BSV) complex, the viral elements are integrated
into the host genome complicating differentiation between active and inactive forms. Similarly, mild or cryptic
viruses like banana mild mosaic virus (BanMMV) may not elicit strong antigenic responses, limiting ELISA
detection. These limitations necessitate the use of high-throughput, sequence-independent, accurate, and unbiased
methods such as next-generation sequencing for reliable diagnostics.

Next-Generation Sequencing: A Paradigm shift in Plant Health

Next-Generation Sequencing (NGS) is an advanced method that reads all the genetic material in a sample
at once. It involves the collection of samples from a virus infected host plant, extraction of RNA, and conversion
into a readable form of cDNA. Then, using various platforms like Illumina or Oxford Nanopore, sequencing can
be done for millions of fragments at once. Finally, powerful software is used to combine the sequenced fragments
and helps identify the viruses present.

Application of NGS in the Management of viruses in Banana

e Early and Accurate Detection: Traditional methods like ELISA and RT-PCR sometimes fail to diagnose viruses
especially in the early stages when the viral titre is very low. However, NGS can detect viruses even before
symptoms become visible.

e Comprehending the complete genome of viruses and their strains: NGS enables the mapping of the entire viral
genome. This helps in identifying different strains and understanding how they cause damage individually or
when co-existing.

e Tracking virus evolution and spread: NGS helps in analysing changes in the virus and how it evolves overtime.
By comparing viral nucleotide sequences from different regions researchers can ascertain where an outbreak
originated and how it is spreading. Understanding viral evolution reveals how mutations influence diversity,
ecological fitness, and resistance, providing a deeper understanding of genotype-phenotype correlation.

e Decoding plant resistance to virus: NGS helps in studying the plant responses to viral infection by analysing
changes in gene expression through RNA Seq. It detects viral RNA early, identifies activated defense pathways,
and compares resistant and susceptible plant varieties. This reveals molecular level reactions, enabling improved
understanding and management of viral infections.

e Unravelling natural virus defenses: NGS helps in identifying small RNA molecules (siRNA and miRNA) that
help plants in silencing the virus. Understanding this process paves the way for developing virus resistant plants
through biotechnology.

e Developing rapid and accurate diagnostic test Kits: NGS identifies specific viral markers that can be used to
develop fast and reliable diagnostic kits, such as CRISPR based diagnostics.

Successful implementations of NGS in plant virus research

A comprehensive RNA-Seq virome study conducted by Jo et al. (2020) in Korea identified ten viruses infecting
sweet potato, including two novel viruses: Sweet potato virus E (SPVE) and Sweet potato virus F (SPVF). Sweet
potato feathery mottle virus (SPFMV) was found to be the most prevalent and highly mutated virus. In total, they
identified thirty viral genomes representing ten different viruses. These findings contribute to improved virus
diagnostics and highlight cultivar- and region-specific viral diversity in sweet potatoes.

High-throughput sequencing (HTS) conducted by Hanafi et al. (2022) achieved 100% sensitivity and specificity
in detecting banana mild mosaic virus (BanMMYV) from in-vitro banana plants. This method outperformed
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traditional RT-PCR and greenhouse-based indexing, providing a faster and more accurate alternative for virus
testing in Musa germplasm distribution programs.

Applications of NGS in Agriculture and Policy Planning

For growers:

e Early diagnosis of disease minimizes crop losses

e Propagation of healthier planting material reduces the disease prevalence
e More reliable test kits help in making better decisions

For policymakers:

¢ Resilient plant disease control systems

e Certification for virus free planting materials

e Smarter disease monitoring and control programs

Challenges of using NGS

Like other new technologies, NGS has its own limitations that includes:
e Costly equipment and reagents

¢ Analysing the massive amount of data requires skilled experts

e Many field workers and farmers are still unaware of its benefits

CONCLUSION: A Healthier Future for Banana Farming

Viruses pose a serious and often invisible threat to banana farming. Next-Generation Sequencing (NGS) provides
a powerful tool to counter this challenge from early detection of viruses to monitoring their evolution, enabling
faster and more accurate diagnoses. As NGS technology becomes more accessible, it can play a major role in
securing the future of banana cultivation. With the right policies, training, and tools, farmers can grow stronger,
healthier crops, resulting in more secure incomes and a safer food supply for the world.
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