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Facing the increasing global trade of plant materials - and the parallel risk of plant pathogens 

spread - there is the need of quick, sensitive, cost effective and generic 

diagnostic methods to identify and contain causal agents of harmful diseases.  
 

To assess the presence of plant virus genomes, sometimes erratic, low 

concentrated and even latent in symptomless plant tissues, the massive 

sequencing of total nucleic acids is, to date, an interesting method. Since 

2014, the nanopore technology is on the market as a tool of choice, 

potentially responding to the above needs. Single-stranded nucleic acid ( 

either DNA or RNA) from a library easily prepared from purified extracts is 

pushed inside an array of membrane-embedded nanopores by the action of 

motor proteins (which could unwind the dsDNA or hybrid RNA-cDNA). The 

passage of each single nucleotide along the polynucleotide chain through the pores is recorded by 

microelectrodes as a specific change of electric current, which runs across the membrane. A 

dedicated software (MinKNOW) supervises the data streaming, starting from preliminary base-

calling. Remarkably, the WIMP ('what is in my pot') program is able to describe in real-time the 

taxonomic attribution of the produced sequences at the family and genus level, occurring in the first 

couple of hours of a short run (Fig.1). 
 

Two relevant issues of the nanopore sequencing are the possibility of running a native RNA and that 

quite long molecules (over several kb) can be sequenced. The previous drawback of a relatively high 

error rate (compared to sequencing-by-synthesis methods) is going to be overcome by the 

development of new chemistry and flow-cell reading. The cost of the library preparation and 

running and the even portable size (the small flow-cell reader is linked to a personal computer) 

represent a breaking innovation that makes popular this system in low-resources and less structured 

laboratories. While the bioinformatic expertise is not a limitation, due to the spreading knowledge 

and the use of automated pipelines of analysis, the flexibility of applications offers a wide frame in 

which the technique turns useful for a response in monitoring and detecting emerging or endemic 

plant diseases. 
 

For surveillance purposes (as in the case of point-of-care checking at import-export entry points) or 

for the discovery of causal agents in virus-like diseases of unknown aetiology, the use of random-

primed cDNA synthesis from rRNA-depleted total RNA or enriched dsRNA extracts, multiplexed by 
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barcoding and supported by the correction of error rate with reference mapping, is also an 

advantage saving time and money.  
 

From this foreword, the large nanopore sequencing application to a number of case studies in 

plant virology is conceivable. Bronzato Badial (2018) detected PPV in M. persicae and Ca. 

Liberibacter asiaticus in psyllid vector D. citri and plant tissues through whole transcriptome 

amplification, while Chalupowicz (2018) sequenced DNA or RNA isolated from plants of several 

families, artificially inoculated with known pathogens (e.g. bacteria, viruses, fungi, phytoplasma). 

The latter authors also tested tomato seeds for C. michiganensis, P. corrugata and F. oxysporum. 

Specific comparisons have been also performed for suitability among nucleic acid templates and 

library preparations. Pannareth (2021) compared different library preparation protocols and 

sequencing runtime lengths for diagnostics of R. solanacearum and PPV, as DNA and RNA extracts, 

respectively. Lieftig (2021) compared a 3' end RNA artificial polyadenilation with a dsRNA 

enrichment in CTV extracts from citrus, finding an obvious bias of 3' sequences in oligo-dT synthesis 

against a more homogeneous genome coverage for the random-primed cDNA. These authors also 

encountered several case studies through nanopore sequencing, like kiwi affected by TSWV, sweet 

pea with mixed virus infection and the first detection of a liberibacter affecting strawberry. Similarly, 

Sun (2022) reviewed a list of applications in plant virus detection spanning from peach, yam, cassava 

and tomato. Another template comparison, done by Javaran (2023), about the use of direct cDNA 

sequencing from dsRNA versus those from depleted total RNA, showed that the demultiplexing is 

much more rapid from a dsRNA starting material and produced more virus-specific reads.  
 

In the CNR IPSP (Bari) plant virology laboratory, we experienced nanopore sequencing through 

several protocols and virus-host combinations. In a preliminary test, total nucleic acids extracts from 

artificial infection of PPV and GVA on N. benthamiana were sequenced either as direct RNA from a 

3' end or as a random-primed total cDNA (Fig. 2). While, in the first case, an average read length was 

about  800 nt but an accumulation of reads overrepresented the 3' end genome portion, in the 

second one a complete coverage was gained by homogeneous distribution of reads of 300nt in 

average. By using a few specific reverse primers along the genome, the sequence of a  local isolate 

of ToBRFV was obtained (Abou Kubaa 2023), while the complete genome of pepino mosaic virus 

(PepMV) was also unexpectedly sequenced from the same ToBRFV library, suggesting that a low 

rate of off-target sequencing can usefully provide information on different viruses coinfecting the 

same sample. The application of quick nanopore sequencing for virus discovery was also assessed 

from various nucleic acid templates in the case of a jasmine plant showing yellow spots and leaf 

discoloration (Amoia 2022). The identification of jasmine virus C (Carlavirus) in an ornamental host 

largely used in gardening alerts for the potential virus spread and the need of testing for clean 

propagation material.  
 

The potential of this new generic diagnostic technique, depicted in the few examples presented 

here from a recent wide literature, aims to a change of vision in molecular diagnostics. Massive 

sequencing in the next years can play a fundamental role in the de novo discovery of plant viruses 



through metagenomic, regardless their effective pathogenic action, that should be proved by 

biological interaction. Anyway, a pinch of 'old' phytopathological knowledge is still needed to give a 

round evaluation to the abundance of new virus data. 

 

 
Figure 1 - An example of a  WIMP virus section output from the nanopore sequencing analysis of a plant 

(Jasminum) whole transcriptome. 
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Figure 2 - Output sequencing from Nicotiana benthamiana infected by grapevine virus A and plum pox virus, 

assayed by direct 3'end RNA  (A) or random-primed cDNA (B) 
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