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PCR-based diagnostics

Conventional PCR Real-time PCR Digital PCR

Detection Yes Yes Yes

Quantitative Semi Relative Absolute

Advantages Sophisticated 

Downstream applications

- Sequencing 

- Evolutionary analysis

Increased sensitivity

Records amplification as it 
happens

No post-PCR processing

Require less template

melting curve analysis

Not dependent on house- 
keeping genes / standards

Highly accurate and finds  
minor fold changes

No post-PCR processing

Require less template

Limitations Size based results
Post-PCR processing

Depend on reference genes
Non-specific binding?
Extensive optimization?
Long amplicons?
Multiplexing needs skills and 
knowledge 

Large scale?
Long amplicons?
Multiplexing needs skills and 
knowledge 
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High Throughput Sequencing (HTS)

Data 
analysis/

virome 
discovery/ 

genome 
assembly/

diagnosis

Quality 
check / HTS 

run

cDNA 
libraries

Total RNA / 
dsRNA/sRN

A

• Detects all known and many novel viruses.
• ​Highly sensitive for mixed infections, low-titer viruses, and strain-level resolution

• ​​Strongly depends on specialized bioinformatics expertise and infrastructure, and is 
expensive 

• Targeted approaches improve sensitivity 
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CLEan plAnt extractioN and SEquencing Diagnostics
(CLEANSED) for Clean Grapevines in Canada

1. Automation of HTS libraries and Viral RNA enrichment (Sud, Rott, Moffett)
• dsRNA enrichment
• Oligoprobes
• dsRNA binding protein

2. Optimization of the Virtool Web Application (Rott & Xuekui)
• Virtool development – upgrades 

3. Technology Transfer of CLEANSED into a clean grapevine program (Úrbez Torres, Sud and 
Rott)
• National Survey – HTS-based 
• Grapevine virome database from all four provinces (ON, BC, QC and NS) 
• Policy changes for importing planting material (CFIA) – on regulated viruses 

 

“Genomic Applications Partnership Program”
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CLEan plAnt extractioN and SEquencing Diagnostics
(CLEANSED) for Clean Grapevines in Canada

1. Automation of HTS libraries and Viral RNA enrichment (Sud and Rott)
• dsRNA enrichment
• Oligoprobes
• dsRNA binding protein

2. Optimization of the Virtool Web Application (Rott & Xuekui)
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Rott M et al., https://doi.org/10.1016/j.jviromet.2024.114997

Comparative analysis of three dsRNA enrichment methods

▪ ReliaPrep  Resin
▪ B2 dsRNA binding protein 
▪ Anti-dsRNA antibody mAbrJ2
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https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/monoclonal-antibody


HTS Automation

8
The Clean Agriculture for Sustainable Production (CASP) : CFI and ORF 



9

CLEan plAnt extractioN and SEquencing Diagnostics
(CLEANSED) for Clean Grapevines in Canada

1. Automation of HTS libraries and Viral RNA enrichment (Sud and Rott)
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• Oligoprobes
• dsRNA binding protein

2. Optimization of the Virtool Web Application (Rott & Xuekui)
• Virtool development – upgrades 
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• National Survey – HTS based 
• Grapevine virome database from all four provinces (ON, BC, QC and NS) 
• Policy changes for importing planting material (CFIA) – on regulated viruses 
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Source: virtoll.ca; (Boyes et al., 2020; https://www.virtool.ca/ ) 

Virtool
Mike Rott and Xuekui Zhang

https://www.virtool.ca/
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CLEan plAnt extractioN and SEquencing Diagnostics
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• dsRNA binding protein

2. Optimization of the Virtool Web Application (Rott & Xuekui)
• Virtool development – upgrades 
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• National Survey – HTS based 
• Grapevine virome database from all four provinces (ON, BC, QC and NS) 
• Policy changes for importing planting material (CFIA) – on regulated viruses 

 



Any link between symptoms and genotype? 

• 26 GPGV samples (13 ON, 8 BC, 5 QC, 1 NS)

• Sequence them using Illumina – MiSeq 
(TruSeq total RNA)

• Add in publicly available sequences (38 
sequences)

• Phylogenetic analysis – genome based

Minh Vu et al.  Viruses 15(3), 735; https://doi.org/10.3390/v15030735

Grapevine Pinot Gris Virus – Case Study:1

https://doi.org/10.3390/v15030735


Note: Red = symptomatic

What did we find?
• Isolates are separated mostly based on origin

• All North American isolates grouped into  Clade 1

• There is no apparent separation of isolates from 
different regions of Canada

• The only closely related isolate is GPGV-Mer 
from France

NA

EU

Asia

Minh Vu et al.  Viruses 15(3), 735; https://doi.org/10.3390/v15030735

Any link between symptoms and genotype? 

Grapevine Pinot Gris Virus – Case Study:1

https://doi.org/10.3390/v15030735


• 169 isolates segregate into two clades.

• Clade α is predominantly asymptomatic 
(80/99 isolates or 80%)

• Clade β is predominantly symptomatic 
(54/69 isolates, or 78.2%).

• All North American isolates are in clade α.

Red = Symptomatic

Minh Vu et al.  Viruses, 15(3), 735; https://doi.org/10.3390/v15030735

Relationship between genotype and symptom expression

• The source of GPGV in Canada is most likely from 
France

• Genetic variation in the MP-CP region could be an 
important component of the symptom expression

14

Grapevine Pinot Gris Virus: MP-CP region 

https://doi.org/10.3390/v15030735


• 20 vines from each vineyard were tested with PCR and HTS

• PCR result for vineyard A: 20/20 for GPGV and 19/20 for GRBV

• PCR result for vineyard B: 14/20 for GPGV and 13/20 for GRBV

• HTS result: detected other viruses and viroids: GRSPaV, HSVd, GaTLV, GRLaV-2 and 3, GRGV, GSyV and GBV.
15

Spread of GPGV and GRBV in Ontario vineyards?
Case Study-2

https://doi.org/10.3390/biology12101279

https://doi.org/10.3390/biology12101279


Sentinel vine preparation 

• 40 Vitis vinifera cv. Chardonnay. Maintained at Brock’s Phytotron for 2 years

• Rootstock and scion material: Tested for GPGV & GRBV using PCR and HTS. 

• PCR and HTS result: 0/40 for both GPGV and GRBV

 Grapevine rupestris stem pitting-associated virus  

 Hop stunt viroid  

 Grapevine-associated Tymo-like virus  
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Sentinel vines PCR HTS

Pre-exposure 15 months post exposure Pre-exposure 15 months post exposure 

Vineyard A
(Organic)

GPGV: 0/40 GPGV: 10/40 GPGV: 0/40 GPGV: 13/40

GRBV: 0/40 GRBV: 0/40 GRBV: 0/40 GRBV: 0/40

Vineyard B
(Conventional)

GPGV: 0/40 GPGV: 1/40 GPGV: 0/40 GPGV: 1/40

GRBV: 0/40 GRBV: 0/40 GRBV: 0/40 GRBV: 0/40
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• No sign of GRBV spreading

• GPGV spread in the organic vineyard is higher 

Spread of GPGV and GRBV in Ontario vineyards?

• Very high sequence similarity

• Short evolutionary distance

   => This is a direct infection

https://doi.org/10.3390/biology12101279

https://doi.org/10.3390/biology12101279


Grapevine samples: 

A total of 310 samples representing composite grapevine samples from 26 cultivars 
including red and white V. vinifera and American-French hybrids, were sampled 

• 90 composite samples from nine cultivars from BC
• 67 composite samples from 14 cultivars from ON
• 31 composite samples from eight cultivars from NS
• 122 composite samples from 15 cultivars from QC

Metagenomic Survey 
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Metagenomic Survey 
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6 High-Impact Publications 

Publishing Soon: Journal: VIROLOGY . Title: Targeted High-Throughput Sequencing Improves Sensitivity of Grapevine Virus Detection Using Custom Oligonucleotide Panels

Submitted date: Jan 2026

Project Achievements

72 Personnel
Project involved a diverse team of researchers, students and technicians which drove the project.
Lab members and students were trained in state-of-the-art HTS facilities.
 

28 External Collaborators
The project involved partnering with industry and academic partners from research institutes, federal agencies and 
private sector.

2 Software Tools
The project resulted in the development/improvement of wo HTS analysis tools. 
Virtool Algorithm improvements & implementation of IIMI (Identifying Infection with Machine Intelligence)

34 Knowledge Translation & Transfer Activities 
The project resulted in data and knowledge to share and transfer for the benefit of public research.
The KTT activities included seminars, conference presentation and posters. 
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Clean Plant Program for Grapevines

• Policy Changes: Federal and Provincial 
import/export regulations

• Canadian Grapevine Certification Network: 
Standards developed/improved

• Grapevine germplasm repository established: Focus 
on sustainable varieties 

• Invested in the Canadian Grapevine Clean Plant 
Program at Brock University: Facilities and 
Workforce 

What we have learned…



The Canadian Grapevine Certification Network - Standard  

Created in  https://BioRender.com
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CGCN Certification Standard 

G1A/G2 
MULTIPLICATI

ON BLOCK

New Varietal 
Selection

POSITIVENEGATIVE

VIRUS 
ELIMINATION
- Heat therapy
- Tissue culture

PROPAGATION  
TARGETED 
PATHOGEN 

TESTING

G3 
MULTIPLICATI

ON BLOCK

G4 

CERTIFIED 
vines

✓ Isolated, virus-tested block 
✓ Inspected regularly for disease symptoms
✓ Retested on a regular schedule
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Virus Elimination Process for Grapevines

Scion Rootstock

Tested +ve

Nuclear Stock

Scion Variety Rootstock Variety 

Propagation Stock

Scion Variety Rootstock Variety 

Grafted
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meristems (0.1–0.5 mm)

HTS testing



25

HTS based screening saves 2 years of time
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Clean Plant Program for Grapevines

TC Lab: Sud Poojari, CCOVI, Brock University



National Grapevine Germplasm 
Facility at Brock University

Over 1500 vines (75 accessions)  in G1A fecility: HTS tested
True-to-Type Genotyping is in Progress 



Cultivar Name
Number of Vines

Cultivar Name
Number of Vines

Phytotron Tissue Culture Lab Phytotron Tissue Culture Lab

Syrah CL 7(877) 18 15 Pinot Noir 91 20 15

Cabernet Sauvignon CL 191 20 15 Merlot 15 20 30

Frontenac 29 20 Sauvignon Blanc 14 20 20

Frontenac Blanc 30 15 Sauvignon Blanc 20 20 20

Leon Millot 20 15 Sauvignon Kretos 15

Foch 29 15 Sauvigon Rytos 15

L 'Acadie 20 15 Fleurtai 15

Riesling CL 21B 20 20 Soreli 15

Cabernet Sauvignon CL 169 29 15 Cabernet Volos 15

Cabernet Franc CL 327 20 20 Merlot Kanthus 15

Cultivar Name
Number of Vines

Phytotron Tissue Culture Lab

3309 C 29 20

Riparia Gloire  28 20

101-14  20 15

SO4 28 15

Schwarzmann 01 21 20

Rootstocks

Total number of varieties/clones: 60+ 
Total number of vines in Phytotron: 1500+ 
Total number of explants in the lab: 800+
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National Grapevine Germplasm Facility at Brock University

New York Muscat 20 20 Viognier CL 642 20 15

Vidal Blanc 20 30 Lucie Kuhlman 20 30

Pinot Gris CL 53 20 20 GM 318-57 18 15

Riesling CL 239-13 GM 20 20 Chardonnay 69 20 20

Riesling CL 49 19 30 Pinot Gris 09 31 15

Gewurztraminer CL 47 20 25 Riesling 01 30 30

Pinot Noir CL 777 20 15 Pinot Meunier 05 20 15

Sauvignon Blanc CL 317 20 20 Pinot Noir 70 20 20

Merlot CL 347 20 10 Pinot Noir 72 20 15

Cabernet Franc CL 214 25 20 Pinot Noir 73 20 15

Scion Varieties/Clones



Clean Plant Program - Structure
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Clean Plant Program for Grapevines

The Clean Agriculture for Sustainable Production (CASP) : 

$8.9million

Poojari, Sudarsana. CCOVI, Biological Sciences, Brock University

Willwerth, Jim. Biological Sciences, Brock University

• 9000 sq. ft. Screenhouses
• 6000 sq. ft. Greenhouses
• Foundation vineyard
• Support facilities
• PPC-Leve2: Standards (CFIA)
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Clean Plant Program - Vision

Research

QuarantineOutreach

Diagnostics, Epidemiology,  
Plant Propagation and 
Distribution/Tracking

Imports/Exports: Surveys, Developing 
Sanitary Protocols, Updating 
Certification Standards and

Policy Changes

Network, Educational Programs, 
regional/crop-specific knowledge 

transfer activities
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