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Grapevine 

hosts more than 

80 viruses 



Leafroll virus group

GLRaV-1: Grapevine leafroll-associated virus 1

GLRaV-3: Grapevine leafroll-associated virus 3

GLRaV-2, 4, 5, 6, 7, 9

Major viruses infecting grapevine

Nepovirus: Nematode-transmitted Polyhedral virus

GFLV: Grapevine fanleaf virus
ToRSV: Tomato ringspot virus
Tobacco ringspot virus and Arabis mosaic virus

New emerging viruses in the USA

Grapevine vein clearing virus

Grapevine red blotch virus





Vector: 

mealybugs
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Grapevine red blotch virus
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Grapevine vein clearing virus



Chardonel



Cabernet Sauvignon



Chardonel



Vitis rupestris ‘VRU89’



Vitis rupestris ‘VRU1405’







Ampelopsis cordata

Family:  Vitaceae

Genus:  Ampelopsis

Common name:     
Heartleaf peppervine



Range of Ampelopsis cordata



Percentage of  GVCV in Ampelopsis vines 

Location

(town, state)

Number of 

samples

GVCV 

positive

Percentage

Augusta, MO 102 33 32%

Hermann, MO 14 5 36%

Springfield, MO 89 32 36%

Bolivar, MO 32 9 28%

Kansas City, MO 6 2 33%

Van Buren, MO 11 2 18%

Galena, MO 3 2 66%

Total 257 85 33%



Chambourcin-LBC0903, one year

45 days post 

transmission of  

GVCV-AMP1

GVCV-AMP1 infected

A. cordata

RNA-seq

GVCV-AMP1
RNA-seq

GVCV-AMP1

Chardonel



GVCV-AMP3

GVCV-AMP3

GVCV-CHA2

GVCV-CHA2 Chardonel



GVCV is detected in single aphids



Location of samples 

(Town, MO) Number of samples GVCV Positive Percentage

Springfield 192 80 42%

Battlefield 54 20 37%

Willard 10 3 30%

Saddlebrook 1 1 100%

Mountain Grove 6 3 50%

Plattin 107 39 36%

Hermann1 14 7 50%

Augusta 30 10 33%

Coffman 111 49 44%

Total 525 212 40%

Epidemiology 
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Fig. 2. A, B, and C, Three representative groups from a cladogram of 174 Grapevine vein clearing virus (GVCV) isolates showing the close relationship of 

GVCV isolates from grape aphids as indicated by an aphid illustration, cultivated grapevines in vineyards indicated by a grape cluster, and wild Vitaceae 

from native habitats. Sample codes that begin with 17, 18, and 19 denote the years 2017, 2018, and 2019, respectively. Numerals after the genus 

abbreviations indicate the series of sample numbers. Numerals above the branches are bootstrap values. The whole cladogram is provided in 

Supplementary Figure S2. Amp = host plant Ampelopsis cordata, Aph = Aphis illinoisensis, VRU = Vitis rupestris, Vit = Vitis spp., and CHA = ‘Chardonel’.
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➢ GVCV is native to the Midwest.

➢ GVCV infects 33% of Ampelopsis plants.

➢ GVCV is present in 40% of  grape aphids.

➢ GVCV spreads and evolves in wild plants

and cultivated grapevines.

SUMMARY



GVCV Chronology

2004 Investigation of  the disease in Missouri

2009 Discovery of  GVCV in Chardonel

2011 Publication of  GVCV-CHA reference genome 

2013 Discovery of  GVCV in native Vitis rupestris
2014 Publication of  GVCV-VRU1 genome 

2015 Discovery of  GVCV-VRU2 in V. rupestris
2016 Discovery of  GVCV-AMP1, AMP2 and AMP3 in    

native Ampelopsis cordata
2017 Discovery of  grape aphid as a vector

2018 Incidence of  GVCV in grape aphids

2019 Confirming Norton’s resistance to GVCV

2020 Genetic diversity of  GVCV in grape aphids

2021 Infectious clone and ORF II function 



Prevention

Growing virus-resistant grapevines 

can prevent viral infection



Wild V. aestivalia or its var. Norton was not included





Prevention

Evaluating Resistance of  

Grape Cultivars to GVCV



GVCV-

infected 

scion



-461 bp

G    T    G    C     P    N

GVCV-

Chambourcin

G:  GVCV-infected Chardonel

T:   GVCV-Traminette

C:  GVCV-infected Chambourcin

P:  positive control



Norton-The Greatest Grape 



Evaluating Norton’s resistance to GVCV 

GVCV-CHA

scion

Norton

rootstock

GVCV-CHA

rootstock Norton

scion



L             CS   G     N      G    N     G     N     G     G N     V     G             +              -

L----Ladder

CS----Cabernet Sauvignon

G----GVCV infected Chardonel

N----Norton

V----Vignoles

S----Scion

R----Rootstock

S    R     S      R     S      R     S     R      S     R      S     R

-835bp

-442bp

-105bp

rRNA

Norton is resistant to GVCV



Evaluating Norton’s Resistance



Evaluating Norton’s Resistance



CONCLUSION

Cultivars Responding to GVCV

Chambourcin Resistant

Norton Resistant

Vignoles To be verified

Traminette Tolerant

Cayuga White Tolerant

Vidal Blanc Susceptible 

Chardonel Susceptible 

Chardonnay Susceptible 

Cabernet Sauvignon Susceptible 

Valvin Muscat Susceptible 

Vignette Susceptible 



How many and what 
genes determine 
Norton’s resistance 
to GVCV?



78 Progenies from Norton and Cabernet Sauvignon cross

Resistant to GVCV Susceptible to GVCV

Norton

Cabernet 

Sauvignon



Genetic analysis of  78 progenies from N x CS cross 



4,800
标题数字等都可以通过点击和重新输入进

行更改，顶部“开始”面板中可以对字体、

字号、颜色、行距等进行修改。

Susceptible:44;   Resistant:34

S:R= 1.3:1 ≈ 1:1

Rr rr×

R S

rr Rr×

R S

Norton Cab. Sau. Norton Cab. Sau.

Genetic analysis of  78 progenies from N x CS cross 

A. Norton Rr x Cabernet Sauvignon rr: resistance is conferred 

by a dominant R gene in heterozygous background. 

B. Norton rr x Cabernet Sauvignon Rr: resistance is conferred 

by a recessive r gene in a homozygous background.   

Two or more genes?



Self-fertilized Norton seedlings (300)  



Can Norton resist viruses 
other than GVCV?



https://apsjournals.apsnet.org/doi/10.1094/P

BIOMES-12-20-0091-R

Seven viruses are in ‘Kishmish Vatkana’ grapevine  



Evaluating Norton’s resistance to seven viruses  

GVCV-CHA

rootstock
KV (7 viruses) 

scion

Norton

rootstock

Norton

Scion
KV (7 viruses) 

Rootstock

https://apsjournals.apsnet.org/doi/10.1094/PBIOMES-12-20-0091-R



Distribution of viral small RNAs (vsRNAs) of all 

seven viruses and two viroids between two cultivars



Published in: Susanne Howard; Sylvia Petersen; Adam Uhls; Wenping Qiu; Phytobiomes Journal 2021, 5, 432-441.

Copyright © 2021 The American Phytopathological Society • DOI: 10.1094/PBIOMES-12-20-0091-R



Published in: Susanne Howard; Sylvia Petersen; Adam Uhls; Wenping Qiu; Phytobiomes Journal 2021, 5, 432-441.

Copyright © 2021 The American Phytopathological Society • DOI: 10.1094/PBIOMES-12-20-0091-R



Fig. 2. Comparison of percentages of each viral genome assembled from viral small RNAs (vsRNAs) in scion and 

rootstock of grape cultivars Kishmish Vatkana and Norton. A, Norton was grafted as scion (Norton-S) onto Kishmish

Vatkana rootstock (KV-R) and B, Kishmish Vatkana was grafted as scion (KV-S) onto Norton rootstock (Norton-R). 
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➢ The total number of vsRNAs of the seven grapevine 

viruses was significantly less in Norton than in KV.

➢ Specifically, the total reads of GLRaV-1, GLRaV-2, 

GLRaV-3, GVA, and GPGV vsRNAs were substantially 

reduced in Norton.

➢ The genome coverage by vsRNAs of GLRaV-1, GLRaV-2, 

GLRaV-3, and GVA was distinct between Norton and KV. 

Conclusions
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➢ GFkV was more abundant in Norton than in KV. 

➢ GLRaV-1 was not detectable in Norton by RT-qPCR. 

➢ GLRaV-2 and GLRaV-3 were much less abundant in 

Norton than in KV.

Conclusions
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virus-infected vines healthy vines

insects

cuttinggrafting

virus-infected weeds

Virus Spreading Routes

nematodes



virus-infected vines healthy vines

insects

cuttinggrafting

virus-infected weeds

Prevent Spreading of  Virus

nematodes



Plant certified clean stock



virus-free vines

insects

nematodes
cuttinggrafting

virus-infected weeds

healthy vines

Prevent Spreading of  Virus



The Midwest Foundation Vineyard

Traminette

Cayuga White

Vivant

Orion

NC-6

Norton

Vignoles

Chambourcin

Chandonel

Vidal Blanc



Amount of  Clean Cuttings

Virus-tested grape cultivars and amount of  hardwood 

cuttings that are available as a result of  NCPN funding

Varieties Cuttings

Norton/Cynthiana 4,000

Vignoles 3,500

Chambourcin 4,000

Chardonel 3,500

Vidal blanc 3,000

Traminette 4,000

Cayuga White 4,000

Vivant 2,000

Orion 300

NC-6 300
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Introduce NCPN to 

Senator Blunt

on October 14, 2021
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Missouri Grape and Wine Board

Missouri Wine Marketing & 

Research Council

USDA-National Clean 

Plant Network 

Missouri State Fruit 

Experiment Station
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Sample ID Variety 

Date of 

Collection 
Location Vein-clearing 

symptom GVCV

LBC0901 Chardonel 6/19/2010
Missouri

- -

LBC0902 Chardonel 6/19/2010
Missouri

+ +

LBC0903 Chardonel 6/19/2010
Missouri

+ +

LBC1001 Chardonel 6/19/2010
Missouri

+ +

LBC1002 Chardonel 6/19/2010
Missouri

- -

LBC1003 Chardonel 6/19/2010 Missouri + +

ILV1001 Chardonel 6/18/2010
Illinois

+ +

ILV1002 Chardonel 6/17/2010
Illinois

+ +

ILV1003 Vidal Blanc 6/17/2010
Illinois

+ +

ILV1004 Chardonnay 6/4/2010
Illinois

+ +

ILV1005 Chardonel 6/10/2010
Illinois

not confirmed -

ILV1006 Chardonel 6/10/2010
Illinois

not confirmed -

IDV1001 Chardonnay 6/9/2010
Indiana

+ -

IDV1002 Cabernet Franc 6/9/2010
Indiana

+ +

IDV1003 Cabernet Franc 6/9/2010
Indiana

+ +

IDV1004 Riesling 6/9/2010
Indiana

+ +

IDV1005 Riesling 6/9/2010
Indiana

+ +

IDV1006 Marquis 6/9/2010
Indiana

+ -

IDV1007 Chardonel 6/9/2010
Indiana

not confirmed +

IDV1008 Corot noir 6/9/2010
Indiana

not confirmed +

IDV1009 Vidal Blanc 6/9/2010
Indiana

+ -

IDV1010 Melody 6/9/2010
Indiana

+ -
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ALL SINNED

Romans 5:12

‘Preacher’: Wenping Qiu

10:45-11:45am

Sunday, February 7, 2010

8:30-9:15am

Saturday, February 9, 2013

Therefore, just as sin entered the

world through one man, and death

through sin, and in this way death

came to all men, because all sinned



ALL INFECTED

‘Preacher’: Wenping Qiu

10:45-11:45am

Sunday, February 7, 2010

8:30-9:15am

Saturday, February 9, 2013

Repent for what you have done

Accept clean vines for planting



https://ag.missouristate.edu/CleanGrapevine/


