
Sustainable production:
Start with clean plants and keep them 

clean

Yannis Tzanetakis 



Implementing new technologies 
for plant cleanliness validation



Clean plants: the cornerstone of a productive 
farm
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How are we changing clean plant production?
Past:
•  Grafting onto sensitive indicators: gold standard for assessing the health status of 

a plant

• Results can vary depending on the crop, taking up to four years for some. 
However, these results are often considered unreliable.

• Working hypothesis: The titer and tropism of viruses fluctuate, so multiple 
seasons may be required before symptoms appear.

• Approach: Comparative study using plants with ‘known’ virome.
- High Throughput Sequencing (HTS) vs conventional diagnostics (PCR/ELISA) vs 

grafting



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.
  - Enables targeted interventions, saving time and resources.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.
  - Enables targeted interventions, saving time and resources.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.
  - Enables targeted interventions, saving time and resources.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.
  - Enables targeted interventions, saving time and resources.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.
  - Enables targeted interventions, saving time and resources.



Introduction to High Throughput Sequencing (HTS)
• Technology that rapidly sequences DNA or RNA from thousands of different 

organisms simultaneously.

• Provides insights into the genetic makeup of plants and their pathogens.

• Why care:
  - Early and accurate identification of plant diseases.
  - Enables targeted interventions, saving time and resources.

Melon severe mosaic virus
Recently discovered in the US
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Crop
NCGR

Sampling
Total #

Spring Fall Spring Fall

Fragaria 
(strawberry) 12 12 12 12 48

Rubus
(black-

/raspberry)
10 10 10 10 40

Vaccinium 
(blueberry) 10 8 11 9 38

Setup

HTS data analysis by VirFind (Ho and Tzanetakis 2014)

Collected all above ground tissue and ground in 
liquid N2 in fine powder before shared between labs
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Comparative study using plants with ‘known’ virome…
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Advantages of HTS over traditional methods

• Comprehensive analysis: Simultaneously tests for multiple pathogens, including 
newly emerging or unknown ones.

• Unbiased: Pathogen diversity is not important

• Speed and efficiency: Processes samples quickly, providing faster results than 
traditional techniques.

• Accuracy and sensitivity: Can detect low levels of pathogen presence, 
identifying diseases before symptoms appear.
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Summary

• HTS provided superior detection compared to RT-PCR on a wide spectrum of 
virus variants and discovery of novel viruses. 

• In most cases where the two protocols showed parallel virus detection, 11 
viruses in 16 berry selections were not consistently detected by both 
methods at all sampling points.

• We now require a four sampling times/two-year testing for berry crops to 
ensure that no virus remains undetected independent of titer, distribution or 
other virus/virus or virus/host interactions



Beware of the
eriophyid  mites
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Blackberry yellow vein disease
• Major issue in the SE United Stated

• Tested for known viruses (RBDV, TRSV, etc). Several viruses were found but 
none consistently associated with symptoms



Oak-leaf pattern

MosaicChlorotic spots

Vein bandingRingspots

Vein banding and chlorosis                           

A



Same disease-different viruses
AR                MS                 NC
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New Rubus viruses
blackberry yellow vein virus       blackberry chlorotic ringspot virus
blackberry virus E                     strawberry necrotic shock virus
blackberry virus X                     black raspberry necrosis virus
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                       blackberry leaf mottle associated virus (BLMaV)  etc...
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viralzone.expasy.org
Swiss Institute of Bioinformatics

165 nm

Reference emaravirus
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BLMaV – background info

• Discovered in 2014,  genus: Emaravirus

• Emaraviruses -  Animal viruses that happen to infect plants…

• Transmitted by eriophyid mites

• Replicate in the vector



Available knowledge/tools
Diversity 

Diagnostics 

Incidence 



Do we have a verified vector?



Phyllocoptes 
parviflori

Yes





BLMaV transmission studies  using 
‘Ouachita’ 

Vector: Phyllocoptes parviflori Keifer
 30dpi 

Experimental design:
- 1 mite per plant
     8/20 @ 40%

- 5 mites per plant
     14/20  @ 70%

Vector: Diptacus rubuscolum 
 30dpi 

Experimental design:
- 1 or 5 mites per plant
     0/40 @ 0%

Reference point - rose rosette virus 
<5%  transmission using 10 mites/plant



What are your questions?

in case they come later…

itzaneta@uark.edu 

acpc.uada.edu

 479 575 3180

mailto:itzaneta@uark.edu



