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Overview
• Diagnostics as a driver of new species discovery

• Developing HTS for frontline sample diagnosis
• Using herbaria samples to investigate pathogen origin and 

pathways of introduction
• What do we mean by ‘historic samples’
• My interest in historic samples…
• Sharing results – the final hurdle?



Long road of diagnostic development

Source http://wellcomeimages.org

Source:https://commons.wikimedia.org/wiki/File
:Ouchterlony_Double_Diffusion.JPG

http://wellcomeimages.org/


Factors driving virus discovery (UK 1980-2014)
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HTS in plant pathology
• Range of platforms and approaches…
• Key applications investigated:

• HTS informed diagnostics
• Unknown aetiology
• ‘Megaplex’ screening

• Improving targeted diagnostics
• Disease monitoring (population genetics)

• Few studies on:
• Equivalence 
• Standardisation 
• Validation 
• Controls

International plant health authorities have concerns about reporting of 
findings from ‘stand alone’ use of technology



Known viruses - the tip of the iceberg?

51 ‘viruses and virus like 
diseases’

300 viruses

1325 viruses

1937

1957

2011

2018 1688 viruses and satellites

ICTV Masterlist

K. Smith



Known viruses - the tip of the iceberg?
Crop samples known plant viruses Novel plant viruses

total 
samples

maize 4
Maize chlortic mottle virus,  Sugarcane 

mosaic virus, Maize yellow dwarf 
mosaic virus

 Tombusvirus,  Carmovirus,  Foveavirus, 
Closterovirus, betaflexivirus, positive strand 

ssRNA virus

others 26
bean comon mosaic virus, Beet 

pseudoyellows virus,  Maize yellow 
dwarf mosaic virus, SCMV, Potato virus S

Caulumoviridae virus, Chrysovirus,Crinivirus, 
Potyvirus(es), Tombusvirus, unclassified ssRNA 
positive strand virus, Varicosavirus, Filoviridae 

virus

maize 9 Maize chlortic mottle virus
chrystovirus luteovirus ,Carmovirus, tombusvirus,  

virus,   positive strand ssRNA virus, unclassified 
virus

others 20
Shallot latent virus, Cauliflower mosaic 

virus, 

Chrysovirus, Crinivirus, Cytorhabdovirus, 
Waikavirus, Varicosavirus polerovirus, polerovirus 

associated RNA, Tymoviradae virus,  positive 
strand ssRNA virus

maize 6
Maize chlortic mottle virus, Maize 

yellow dwarf mosaic virus
Badnavirus,  polerovirus associated RNA, 

Tymoviradae virus

others 20 Turnip mosaic virus, 
Badnavirus, Chrysovirus, Cytorhabdovirus, 

unclassified ssRNA positive strand virus

maize 4
Maize chlortic mottle virus, Maize 

yellow dwarf mosaic virus
none

others 26
Banana streak virus, Apple stem 

grooving virus, Citrus tristeza virus

Badnavirus, potyvirus(es), Tombusvirus, 
Rhabdoviridae virus, positive strand ssRNA virus, 

unclassified virus, Varicosavirus
total 115

Farm 4

30

29

26

30

Farm 1

Farm 2

Farm 3

4512

Adams et al (2018), EJPP, 152(4)



Mining historic collections….



Historical perspectives – Potato Famine

Skibbereen 
by James Mahony, 1847



Investigate origins of outbreaks and pathways 

(A)

(B)

(A) Yoshida et al (2014) PLOSPath 10(4) e1004028
(B) Martin et al (2015) Mol Biol and Evolution 33(2) 



What do we mean by ‘Historic Isolates’
Viruses have been recovered from ancient nucleic acids

Hepatitis B 

• 7000 yrs old 
• Krause-Kyora et al (2018) eLife

Zea mays chrysovirus 1 

• 1000 yrs old
• Peyambari et al (2019) J. of Virology

Barley stripe mosaic virus

• 750 yrs old
• Smith et al (2014) Sci. Reports

Picture courtesy Marilyn Roossinck

But:
Archaeological record
• ‘Fortunate’ findings 

• Amenable storage conditions
• Single data point, no biology

• Difficult to infer  context beyond archaeology

Isolate collections and herbaria:
• Well preserved
• Multiple isolates
• Supporting contextual and biological data (hopefully)



Our interest started with an email and a tin…

• From: Roger Jones
Sent: 26 July 2014 05:55
To: Neil Boonham; Rick Mumford
Subject: RE: Virus isolates/ Visit to 
FERA in late September

Dear Neil and Rick
I will be visiting Europe at the end of 
September …. …. Would it be possible 
for me to visit FERA for a day early in 
the week after that. The 
main objective would be to 
discuss how best to proceed with 
the deep sequencing of the isolates I 
left behind in England in 1986.



Investigating phylo-dynamics of potato viruses



Ulluco: HTS in an outbreak reveals novel viruses
Summer 2017: NPPO 
notified of crop of U. 
tuberosus being grown for 
seed without certification

Initial screen suggests presence of 
quarantine viruses but this could not be 
confirmed

Genetic sequencing revealed 6 viruses 
new to science and non-native 
pathogens. 
Two novel viruses considered to be 
high risk

2019: ulluco included in European 
legislation as a high-risk plant species



New sequences Old viruses?
Fox et al (2019) ELISA Fox et al (2019) HTS Previous reports from Ullucus

(No Sequence data reported) Source

Andean potato latent virus Ullucus tymovirus 1 (Devon)
Ullucus tymovirus 2 (Lincolnshire) Andean potato latent virus Lizaragga et al, 1996

Potato leaf roll virus Ullucus polerovirus 1 Potato leafroll virus Lizaragga et al, 1996 b 

Potyvirus / Potato virus Y Ullucus potyvirus 1 Ullucus mosaic virus Brunt et al, 1982

Papaya mosaic virus-Ulluco strain Papaya mosaic virus - Ulluco 
strain      Brunt et al, 1982

Ullucus tobamovirus 1 TMV-U
Ullucus mild mottle virus

Brunt et al, 1982
Offei et al, 1995

Ullucus comovirus 1, 2, ? Ullucus virus C (UVC) Brunt et al, 1982 b

Broad bean wilt virus 1 + 2 No previous record



Historic isolates supporting Euphresco…
• Links with UK NPPO work on ulluco and risks of internet 

shopping
• Supporting Euphresco “PRONC” 

• (Phytosanitary risks of newly introduced crops)
• Focus on edible tubers
• Many of Andean origin 

• Ulluco
• Yacon
• Mashua
• Oca



VirusCurate

VirusCurate

Plant 
Health  
Focus

• 12 Partners(Currently)
• 8 Countries 

• Generate sequence for 
unsequenced species

• Focus on regulatory relevance
• Harmonize minimum requirements 

for reporting
• Streamline data sharing and 

reporting 



Informing the need for action: 
Plantago potexviruses (and others…)
• Plantago asiatica mosaic virus (PlAMV) 

• Detected in Lillium in UK (2012, 2018)
• Virus not known to be present in UK 
• Reported worldwide in lily production
• Losses up to 80% reported in commercial production

• Plantain virus X (PlVX)
• previously reported from UK(1981)
• Samples collected in 1970’s from Cambridge and 

Wellesbourne. Widespread at time of reporting 
• No supporting sequence: at risk of removal from ICTV 

master list

• Are these the same species? 



Informing the need for pest listing: 
Non-European virus of fruits

• Actinidia virus X (AcVX)
• Reported from Actinidia sp. (Kiwifruit) in 2011
• Generally latent/asymptomatic
• Distribution thought to be limited to New Zealand

• Intercepted on entry to Canada in (2016)
• Ribes nigrum - Origin Unknown
• Plants showing chlorosis and leaf deformity

• Non-European virus of Ribes? 



PlVX is synonymous with AcVX

PlVX, (UK – 1976/77)

AcVX (Kiwifruit, New Zealand, 2011)

AcVX (Blackcurrant, Canada, 2016)

PlVX, (P. lanceolata, Netherlands, 2018)



Barriers to progress: sharing and reporting

• Fera
• Single sample testing….(30 MiSeq runs)
• 190 near-complete viral genomes

• Virome studies?
• “Area de Conservación Guanacaste” Project  

• “2600 distinct viruses” 
• Tall Grass Prairie Reserve Project

• “300 distinct viruses, 18 known viral species”

• Suitable outlet?
• Time?
• Cost?



Reporting options – NCBI Genbank?
I keep six honest serving-men, 

(They taught me all I knew); 
Their names are What and Why and When

and How and Where and Who
Rudyard Kipling



A reporting solution?
• Disease note style reporting

• C. 300 Words
• Contextual data

• Includes Genbank accession
• Provide DOI for reference
• Edited by community of 

experts 
• Low input, quick turnaround

• Open access; Online; (Free)



Sumary
• HTS offers unparalleled potential for detection and diagnosis of 

plant pathogens
• Historic isolates may hold unique data on novel or unusual 

species
• Data associated with historic isolates can support plant health 

risk assessment and actions
• Pathways analysis
• Distribution data
• Biological data (Host range, Impact, Transmission)

• Disseminating new findings remains a barrier
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