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Why do plant virus diagnosis?

Cause of a specific pattern in symptoms

Leafroll/Fanleaf/Mosaic/Necrosis/Chlorosis

/Stunting/Deformations etc.
Single/multiple virus infections?

Phytoplasma? Fungi? Bacteria? Insect?

Grower : What can | spray?

Insect vector management practices
depend on virus-vector biology

Source? Where did the virus come from?

Planting material/Seeds/Pollen/Insects

Alternative hosts/ weeds

How is the virus transmitted?

* Insect vectors

 Mechanical

e Seed/ Other

Epidemiology

 Monitor the disease spread

e Spatial and temporal disease spread
Breeding

e Breeding for virus resistance

Plant Protection and Quarantine
 Develop National Clean Plant Programs

e Regional / National Pest Regulatory
Programs / Certification

Impact on End Product
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e Industry focused on high-quality wines and wine tourism
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regions

e Interest in sustainable and organic production systems




They are many

« Grapevine red blotch virus (GRBaV) « Artichoke italian latent virus (AILV)

« Grapevine vein clearing virus (GVCV) * Arabis mosaic virus (ArMV)

« Raphanus sativus cryptic virus 3 (RsCV-3) like * Blueberry leaf mottle virus (BBLMV)

* Beet cryptic virus 3 (BCV-3) like * Cherry leafroll virus (CLRV)

» Tomato spotted wilt virus (TSWV) » Grapevine Bulgarian latent virus (GBLV)

« Grapevine leafroll-associated virus 2 (GLRaV-2) « Grapevine Anatolian ringspot virus (GARSV)

« Grapevine leafroll-associated virus 1 (GLRaV-1) * Grapevine deformation virus (GDefV)

« Grapevine leafroll-associated virus 3 (GLRaV-3) * Grapevine chrome mosaic virus (GCMV)

« Grapevine leafroll-associated virus 4 (GLRaV-4) * Grapevine fanleaf virus (GFLV)
GLRaV-4 strain 5 » Grapevine Tunisian ringspot virus (GTRV)
GLRaV-4 strain 6 » Peach rosette mosaic virus (PRMV)
GLRaV-4 strain 9 » Raspberry ringspot virus (RpRSV)
GLRaV-4 Pr » Tobacco ringspot virus (TRSV)
GLRaV-4 strain Car » Tomato ringspot virus (TORSV)

« Grapevine leafroll-associated virus 7 (GLRaV-7)  Tomato blackring virus TBRV)

* Potato virus X (PVX) « Strawberry latent ringspot virus (SLRSV)

« Grapevine rupestris stem pitting-associated virus (GRSPaV) * Alfalfa mosaic virus (AMV)

« Grapevine berry inner necrosis virus (GINV) * Cucumber mosaic virus (CMV)

 Grapevine Pinot gris virus (GPGV) * Grapevine line pattern virus (GLPV)

« Grapevine virus A (GVA)  Grapevine angular mosaic virus (GAMoV)

* Grapevine virus B (GVB) « Carnation mottle virus (CarMV)

* Grapevine virus D (GVD) » Tobacco necrosis virus D (TNV-D)

* Grapevine virus E (GVE) * Grapevine Algerian latent virus (GALV)

* Grapevine virus F (GVF) * Petunia asteroid mosaic virus (PAMV)

« Bean common mosaic virus (BCMV), * Grapevine asteroid mosaic-associated virus (GAMaV)

» Tobacco mosaic virus (TMV) * Grapevine redglobe virus (GRGV)

» Tomato mosaic virus (ToMV) « Grapevine Syrah virus 1 (GSV-1)

« Broadbean wilt virus (BBWV) * Blackberry virus S (BIVS)

* Artichoke italian latent virus (AILV) * Grapevine fleck virus (GFkV)

* Raspberry bushy dwarf virus (RBDV) * Grapevine rupestris vein feathering virus (GRVFV)

» Sowbane mosaic virus (SoMV) * Grapevine Ajinashika virus (GAgV)

* Southern tomato virus (STV) * Grapevine stunt virus (GSV)

*» Grapevine labile rod-shaped virus (GLRSV)



* Viruses cause production issues in nurseries and vineyards

Rooting ability

Graft take and rootstock-scion compatibility
Overall vine vigor

Yield and fruit quality

e Major viral diseases

Grapevine leafroll disease (GLRD)
Grapevine leafroll associated viruses (GLRaV-1 to 4 and 7)

Rugose wood complex (RW)
Grapevine rupestris stem pitting associated virus (GRSPaV)
Grapevine virus A (GVA), B (GVB), and D (GVD)

Grapevine fanleaf denegeration complex
Grapevine fanleaf virus (GFLV)
Grapevine red blotch virus



They are different

Closteroviridae
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Grapevine leafroll disease
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Grapevine leafroll disease Grapevine red blotch disease

Symptoms

Virus particles

Genetic material RNA @
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Virus Diagnosis

Field/Greenhouse based Laboratory based

Symptoms Serological
Biological indexing Enzyme-linked immunosorbent assay (ELISA)
large scale / Availability of antibodies are limited /
Indicators of disease purity of antibody / results in days
High confidence in diagnosis Molecular
MRS mmg Polymerase chain reaction (PCR)
| | scon | J ’ = 2 Reverse-transcription PCR(RT-PCR)
it Quantitative PCR (qPCR)
S Droplet digital PCR (ddPCR)
WS Next Generation Sequencing (NGS)

ooort ot . 2015, plos NS Y higher analytical sensitivity / require technical and

analytical skills / downstream applications



OUTLINE

e Methods for virus detection
— ELISA

Accurate diagnosis is important for management
of virus diseases



ELISA
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Advantages Limitations

Less technical knowledge Extraction of large number of samples in short time

Large scale detection Time consuming

Antibody availability is limited

Nonspecific reactions
Quality of antibodies
Detection limitations with virus variants/strains

Arabis mosaic virus

Grapevine fanleaf virus
Raspberry ringspot virus-ch
Raspberry ringspot virus-g
Tomato black ring virus
Tobacco ringspot virus

Tomato ringspot virus

Tomato ringspot virus-Ch
Strawberry latent ringspot virus

Grapevine leafroll-assoc. virus 1

Grapevine leafroll-assoc. virus 2

Grapevine leafroll-assoc. virus 3

Grapevine leafroll-assoc. virus 4 and strain 6
Grapevine virus A

Grapevine fleck virus



OUTLINE

e Methods for virus detection

— End-Point PCR

Accurate diagnosis is important for management
of virus diseases



PCR-Based Diagnostics for Grapevine Viruses
THREE-STEP EXTRACTION METHOD

Grind 0.25g of Mix 2ul of Buffer-A with Take 3ul of Buffer B
petiole/leaf/green bark

25ul of Buffer-B, denature eluate as template for

(0] A 3 q
tissue in 5ml of Buffer-A at 95°C for 10 min and snap PCR or RT PC.R for virus
cool on ice. detection.

Modified from: Rowhani et al. 2000

Rapid, sensitive and cost-effective method
ideal for large scale diagnostics
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QlAxcel® digital gel electrophoresis


http://www.plantmethods.com/sfx_links.asp?ui=1746-4811-1-4&bibl=B1

Detection of GLRaVs: A Case Study

o e 128 commercial vineyard
: blocks
TP ?¢ ?¢ ®® e« Six grape-growing regions

Okanagan Valley

Similkameen Valley
Fraser Valley
- AP & NN 5 I & SR Vancouver and Gulf Islands

Kamloops region

e August - September : 2014
and 2015

e 4X5 quadrat sampling
strategy (Fuchs et al. 2009)

e 20 composite
samples/block

e Single vineyard block = 100
vines

e No priority for symptoms

composite sample = 4 leaves/vine from 5
consecutive vines



Detection of GLRaVs in BC
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O _
Year of Planting <1990 1990-2000 2001-2010 >2011
# blocks 3 33 43 68

# samples (N) 60 660 860 1360



PCR based Diagnostics for GRBV

TNA Extraction

»

Leaf with petiole DNA Extraction

Primer pair: GRLaV4 For and GRLaV4 Rev Primer pair: GVGF1 and GVGR1

1kb

Poojari et al. 2017. CJPP: ID TCJP-2016-0192

C2
GRBV
genome
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Detection of GRBV in BC Vineyards: A Case Study

# of Random

Cultivar # of Blocks Composite # of GRBV
Tested Samples Tested Positives
Whites
Bacchus 1 10 0
Chardonnay 9 90 0
Gewurztraminer 1 10 0
Pinot gris 3 30 0
Riesling 6 60 0
Sauvignon Blanc 4 35 0
Semillion 2 20 0
Pinot Blanc 2 20 0
Kerner 1 10 0
Reds 0
Cabernet Franc 2 30 3(2)
Cabernet Sauvignon 1 10 0
Merlot 7 70 0
Pinot Noir 9 90 0
Syrah 1 10 0
Tempranillo 1 10 0
Gamay Noir 1 10 0
Zinfandel 1 10 0
Total 52 525 03

2014

52 vineyard blocks

525 Random composite

samples
— Represent >2600 vines

PCR based diagnostics

Most of the blocks aged
>10yrs

Is GRBV present in
younger vines?

Poojari et al. 2017. CJPP: ID TCJP-2016-0192



Detection of GRBV in BC Vineyards: A Case Study

# of Random

Cultivar # of Blocks Composite # of GRBV 2015

Samples Tested Positives
Whites
Chardonnay 9 180 1 ® 76 Vineyard bIOCkS
Gewurztraminer 3 60 0
Pinot gris / 140 0 e Vines: 2 to 8yrs
Riesling 6 120 0
Sauvignon Blanc 2 40 0
Pinot Blanc 1 20 0 e 1475 Random composite
Viognier 1 20 0 samples
Muscat 3 60 13(1) — Represent >7000 vines
Pinot Meunier 1 20 0
Reds
Cabernet Franc 8 160 8 (1) e Planting material / Secondary
Cabernet Sauvignon 3 50 0 spread
Merlot 12 220 0
Pinot Noir 15 285 0
Syrah 2 40 5 (1)
Zinfandel 2 40 1
Petit Verdot 1 20 1
Total 76 1475 29/5

Poojari et al. 2017. CJPP: ID TCJP-2016-0192



OUTLINE

e Methods for virus detection

— Quantitative PCR
e sybr green

Accurate diagnosis is important for management
of virus diseases



Detection and Differentiation of Grapeviruses: A Case Study

Plant/insect tissue ApprOaCh

) Total RNA from Plant tissue

Nucleic acid extraction
Total Nucleic Acids from
insect tissue

cDNA preparation — Random Hexamers

—
| P Singleplex SYBR® Green
=

Based
I Duplex

Melt Curve Analysis

Poojari et al.,2016. J Virol Methods. doi: 10.1016/j.jviromet.2016.05.013.



Primers used for Singleplex and Duplex RT-gPCR

Primer  Sequence (5 3) Target Amplicon size
i gene (bp)

GLRaV-1IF  GTGGAGAGTATGATTCCGTGGTCAC HEL 267

GLRaV-1IR CACTGGCACGTTAACTTGAGGTCG HEL

GLRaV-2F  GATGGTGAAGCGTGACGCTAAGGTG HEL 241

GLRaV-2R  TATGGTACACATCGTCGTCACCAAGC HEL

GLRaV-3F  GTAGTGGACGAAAGGTGGCTCTTC HEL 170

GLRaV-3R  GACAGACAACACCAATTCCTTCGTC HEL

GLRaV-49F TGAGGTCCCATGTCATGAC RdRp 457

GLRaV-49R CCTCAATCTRTTSACCAAYTCAC RARp

TRSV-F CAGGGGCGTGAGTGGGGCTCCTG RdRp 316

TRSV-R TCAATACGGTAAGTGCACAC RdRp

GFLV-F* CCAAAGTTGGTTTCCCAAGA CP 322

GFLV-R*  ACCGGATTGACGTGGGTGAT CP

GVA-F* GACAAATGGCACACTACG CP 430

GVA-R*  AAGCCTGACCTAGTCATCTTGG CP

GVB-F CCCTACTATCTATACCCTCTGC CP 200

GVB-R GCGAAGGGCTCACACATTTGACG CP

GRLaV-F ~ GCCTTGTCAGTTTGCATTCC CP 265

GRLaV-R ~ CTTCCGCTGTTATCACTACC CP

GLRaV: Grapevine leafroll associated virus; TORSV: Tobacco ringspot virus; GFLV: Grapevine fanleaf virus; GVA:
Grapevine virus A; GVB: Grapevine virus B; GRLaV: Grapevine redleaf associated virus. HEL: helicase domain of
replicase gene; RARp: RNA dependent RNA polymerase; CP: coat protein; F: Forward primer; R: Reverse primer.

*Rowhani et al., 1993; **Minafra and Hadidi, 1994. Poojari et al.,2016. J Virol Methods. doi: 10.1016/j.jviromet.2016.05.013.



Standard Curves — Singleplex RT-gPCR
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Standard Curves — Singleplex RT-gPCR
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Detection Limits of Singleplex RT-gPCR

Virus Mean Ct value Mean copy number
GLRaV-1 35.26+28 217
GLRaV-2 34.86x0.5 1093
GLRaV-3 35.85+12 1112
GLRaV-4 35.52+24 510
TRSV 34.51+18 214
GFLV 35.98+12 1072
GVA 36.18+19 1046
GVB 35.65+07 1104
GRBV 36.12+16 1087

GLRaV: Grapevine leafroll associated virus; TORSV: Tobacco ringspot virus; GFLV:
Grapevine fanleaf virus; GVA: Grapevine virus A; GVB: Grapevine virus B; GRBYV:
Grapevine red blotch virus.

Poojari et al.,2016. J Virol Methods. doi: 10.1016/j.jviromet.2016.05.013.



Melt Curve Analysis

_ Singleplex assay Duplex assay

virus Average Tm SD CV% Average Tm SD CV%
GLRaV-1 86.57 0.09 0.09 86.30 0.05 0.12
GLRaV-2 83.50 0.09 0.34 83.44 0.08 0.24
GLRaV-3 80.45 0.07 0.20 80.17 0.04 0.08
GLRaV-4 82.66 0.06 0.27 82.66 0.06 0.20
TRSV 80.33 0.07 0.28 80.11 0.04 0.05
GFLV 83.45 0.09 0.33 83.12 0.09 0.16
GVA 85.56 0.08 0.34 85.52 0.05 0.04
GVB 82.90 0.02 0.02 82.87 0.10 0.29
GRBV 82.72 0.10 0.36 82.72 0.08 0.21

GLRaV: Grapevine leafroll associated virus; TORSV: Tobacco ringspot virus; GFLV:
Grapevine fanleaf virus; GVA: Grapevine virus A; GVB: Grapevine virus B; GRBV:
Grapevine red blotch virus. NT: not tested; CV%: coefficient of variance; SD:

standard deviation
Poojari et al.,2016. J Virol Methods. doi: 10.1016/j.jviromet.2016.05.013.



Melting Peaks - Duplex RT-gPCR
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Validation of Duplex RT-gPCR

Virus duplex RT-gPCR assay Endpoint PCR/RT-PCR
Grapevines Mealybugs Grapevines Mealybugs
GLRaV-1 15/20 0/20 12/20 0/20
GLRaV-2 20/20 0/20 15/20 NT
GLRaV-3 30/30 11/20 24/30 4/20
GLRaV-4 20/25 0/20 16/25 0/20
TRSV 10/10 0/20 8/10 0/20
GFLV 4/20 NT 0/20 NT
GVA 5/20 NT 0/20 NT
GVB 18/20 NT 12/20 NT
GRBV 40/40 0/20 40/40 0/20

Mixed infections:

GLRaV-1 and GLRaV-3: 4/305 ToRSV and GRLaV: 2/305
GLRaV-3 and GLRaV-2: 8/ 305 GFLV and GRLaV: 2/305
GLRaV-3 and GRBV : 4/305

GLRaV: Grapevine leafroll associated virus; TRSV: Tobacco ringspot virus; GFLV: Grapevine fanleaf virus;
GVA: Grapevine virus A; GVB: Grapevine virus B; GRBV: Grapevine red blotch virus. NT = not tested

Poojari et al.,2016. J Virol Methods. doi: 10.1016/}.jviromet.2016.05.013.



Droplet Digital PCR

Nucleic Acid y
Extraction

Make droplets

PCR DNA
in droplets

Leaf Tissue ~..__
‘h_'__""‘-/ . Read and 4 —
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i - : E 5
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Detection
Quantitative

Advantages

Limitations

Summary: PCR based diagnostics

Conventional PCR

Yes

Semi

Sophisticated

Rapid (in hours)

Downstream applications
Sequencing

Evolutionary analysis

Size based results
Post-PCR processing

5? 10? 50?

Real-time PCR

Yes

Relative
Increased sensitivity

Records amplification as it
happens

No post-PCR processing
Rapid (in minutes)
Require less template

melting curve analysis

Depend on reference genes

Non-specific binding?
Extensive optimization?
Long amplicons?

Multiplexing needs skills and

knowledge

| cDNAdilutions

Fluorescence (465-510)

Digital PCR

Yes

Absolute

Not dependent on house
keeping genes / standards

Highly accurate and useful
to differentiate minor fold
changes

No post-PCR processing

Require less template

Large scale?

Long amplicons?
Multiplexing needs skills
and knowledge




NGS-based virus detection : Workflow

Virus suspected plant sample

RNA \ DNA \ small RNAs \ dsRNA

Quality Check

A e ~

Custy of ik Enrichment of viral genetic material \ depletion of
RN e host genetic materials

N ~

Library preparation and running on NGS platform

NGS sequence reads

Quality Check \ Adaptor sequence filter

De novo assembly of sequence reads

Blastn: host genome \ plant virus database

Virome discovery \ diagnosis




NGS for virus detection: A case study

Approach Total RNA

4
Ribo-depletion Poly-A depletion

g

cDNA libraries
4

NGS (lllumina Genome Analyzer lIx)

J
NGS Reads

U

Reads mapped to the
genome of V. vinifera
(PRJEA18785).

virus/viroid
= database

Poojari et al. 2013. PLoS ONE 8(6): e64194.



Classification of NGS Reads

Symptoms No-symptoms

Viruses

Grapevine red blotch virus

Grapevine fanleaf virus

Rupestris stem pitting-associated virus Rupestris stem pitting-associated virus

Viroids

Grapevine yellow speckle viroid 1
Hop stunt viroid

Citrus exocortis viroid

Grapevine yellow speckle viroid 1
Hop stunt viroid
Citrus exocortis viroid

Poojari et al. 2013. PLoS ONE 8(6): e64194.



Classification of NGS Reads

GRD symptoms No symptoms
Mismatch
o] reads,
o 2693
et
2
Q.
[<}]
o
(o]
L0
=
GRSPaV
N o) / Mismatch
@ reads
E 644
% Mismatch
_? reads
©
=]
5
GRSPaV
42

GRLaV-Grapevine redleaf associated virus GYSVd-Grapevine yellow speckle viroid 1
GFLV-Grapevine fanleaf virus HSVd-Hop stunt viroid
RSPaV-Rupestris stem pitting-associated virus CEYVd- Citrus exocortis Yucatan viroid

Poojari et al. 2013. PLoS ONE 8(6): 64194, CEVd-Citrus exocortisvinola



NGS Recovery of Genome Sequences

Viruses

Nucleotide position in genome
1 500 1000 1500 2000 2500 3000

-

500 1000 1500 2000 2500 3000
Nucleotide position in genome
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Poojari et al. 2013. PLoS ONE 8(6): e64194.
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Detection
Quantitative

Advantages

Limitations

PCR

Yes
Semi/Relative/Absolute

Sophisticated

Rapid (in hours)

Downstream applications
Sequencing
Evolutionary analysis

Increased sensitivity

Records amplification as it happens

Rapid (in minutes)

Require less template

melting curve analysis

Size based results

Post-PCR processing (PCR)
Depend on reference genes
Non-specific binding?
Extensive optimization?
Long amplicons?

Multiplexing needs skills and knowledge

Summary: PCR and NGS based diagnostics

Yes
Virome

Not dependent on house keeping
genes / standards

Require very less template

Can detect multiple viruses

Complete genomes of multiple viruses

Large scale?

Needs high technical and
computational skills

Special equipment
Adapt/Develop pipelines for virus
detection based on needs

Cost?

* Discovery versus diagnostics *



Virus diagnostics: Challenges

Sampling methods
Nucleic Acid Extraction and Library
preparation

Most of grapevine viruses
are phloem limited and
occur in low

Bio-informatic pipeline concentration with un
Validation even distribution
Sensitivity

Repeatability and reproducibility
Contamination
Technical expertise and practice

Speed, sensitivity, specificity, robustness and cost effectiveness

“Molecular diagnostic test is a constant questioning of the
optimization of the reaction conditions, as well as a minimum
degree of proficiency” sastien etal. 2008
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