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Plant viruses are causal agents of diseases and represent a significant 

threat to many cultivated crops. Potatoes are particularly prone to 

viral infections because of their vegetative propagation, which 

supports the transmission of viruses over successive generations.  

To date, more than 50 virus and viroid (smallest known pathogens) 

species have been reported to infect global potato production, 

resulting in losses of up to 80 % if not managed. The main source of 

virus is from the planting of virus-infected seed tubers. This means 

that the sanitary selection and certification of the seed tubers plays  

a crucial role in controlling the spread of viruses in potato crops.  

To achieve this, the availability of a sensitive and reproducible 

diagnostics system is essential. 

 
PVY – a major concern for potato production 
Potato virus Y (PVY) is one of the world’s most studied plant viruses 

and is considered the most economically harmful virus to cultivated 

potatoes (Figure 1). PVY is present in potato production areas all over 

the world and exists in nature as a complex of strains and variants.  

PVYo used to be the predominant strain in potatoes, but in recent years 

recombinant virus strains have been increasingly detected in potato crops 

and now represent the majority of the PVY population in many countries. 

Recombinant viruses result from the combining of genomes from 

more than one virus infecting a plant cell. Recently emerged PVY 

recombinants are challenging the sanitary selection and certification 

of potato propagation material because they only induce mild or 

transient foliar symptoms in many potato 

cultivars, making it very difficult to detect 

PVY during visual field inspections of seed 

tuber crops. Currently, in addition to five 

non-recombinant genotypes, 36 unique 

recombinant structures have been  

reported globally.  

PVYO used to be the predominant 

strain in potatoes, but in recent 

years recombinant virus strains 

have been increasingly detected in 

potato crops and now represent the 

majority of the PVY population in 

many countries. 

To make matters worse, PVY recombinants are also able to induce 

necrotic ringspot-like symptoms on tubers of susceptible potato 

cultivars, making them unmarketable. 

Given the impressive genetic diversity of PVY and its impact on 

potato production systems, accurate detection and characterisation 

of the PVY isolates circulating in Ireland is essential to deliver efficient 

integrated pest management (IPM) strategies and support the 

planned expansion of the seed potato sector with a robust sanitary 

certification scheme. However, despite Ireland being one of the five 

High Grade Seed Potato Production Areas recognised by the 

European Union (2004/3/EC), there is still a lack of detailed 

information on the genetic diversity of Irish PVY isolates and their 

relative incidence. 

 
The virome of a plant 
Conventional serological (e.g., ELISA) and molecular (e.g., PCR 

based) assays for the detection of plant viruses are target specific 

(you only get what you look for), meaning that multiple assays need 
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TEAGASC research is looking at how we can use new technologies 
to gain a greater understanding of potato virus Y diversity in 
Ireland, and to monitor outbreaks.
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to be performed to detect multiple viruses. Direct sequencing of 

target nucleic acids is now being increasingly exploited in plant 

virology research for diagnostic purposes, primarily because the cost 

of sequencing has fallen dramatically in the last decade (as an 

example, the cost of sequencing the human genome reduced from 

more than €100,000 in 2009 to circa €1,000 in 2019). The non-

targeted nature of sequencing allows us to potentially detect any 

virus in a single assay, making it an increasingly important tool in 

plant virology, in order to study the total collection of viruses that a 

plant harbours (virome). New portable sequencing technologies are 

also offering enormous opportunities to rapidly identify viruses 

infecting plants in one assay. 

 
New findings to improve PVY control 
At Oak Park we have exploited these developments to investigate 

and characterise PVY isolates in Ireland. This involved detailed 

comparisons between ELISA, PCR, standard sequencing and portable 

sequencing platforms to investigate the suitability of recent 

sequencing advances to study the virome of potato plants that 

may/may not be showing symptoms. 

We collected material from 200 plants showing severe or mild 

symptoms ascribable to viral infections from a diverse potato 

germplasm collection and from commercial seed tuber crops in the 

primary potato regions of Ireland to assess the genetic make-up of 

Irish PVY populations. Through serological and molecular analyses 

we found that more than 90 % of the PVY infections detected were 

sustained by recombinant strains of the virus. These results indicate 

that PVY recombinant strains not only are present, but are prevalent 

in Irish potato crops. In parallel, we have also established 

methodologies to support the use of portable DNA sequencing 

devices (MinION sequencer; Figure 2) to detect and characterise 

viruses infecting potatoes, with the complete genome sequences of 

sequenced isolates deposited in public databases as a community 

resource. Using these techniques we also detected additional potato 

viruses including PVX, PVS and PLRV, with their full genome 

sequences characterised, confirming the potential for the non-target 

detection of plant viruses (Della Bartola et al., 2020). 

Our ability to reconstruct the genomes of PVY and other potato 

viruses using simple and portable MinION sequencing is significant 

and indicates the technology’s potential for virus detection in potato 

production systems. This study has provided important information 

to improve the control of PVY in support of expanding the potato 

seed trade sector, and also further adds to the global understanding 

of PVY genetic diversity. 
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FIGURE 2: The portable MinION sequencer, connected to a laptop. FIGURE 1: Potato leaves showing no obvious (a) and severe (b) PVY symptoms.  
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