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Syrah decline
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V. vinifera cv. Cabernet franc






Leafroll Disease

Leafroll agents are members of the family Closteroviridae

Genus Species Vector

Closterovirus GLRaV-2 Unknown

Ampelovirus GLRaV-1 6 pseudococcid mealybugs, 3 soft scale insects
GLRaV-3 10 mealybugs, 8 scale insects
GLRaV-4 3 mealybugs

Velarivirus GLRaV-7 Unknown

Maliogka et al. (2014); Martelli (2014)




Soft scale (Coccidae)

« Pulvinaria

*  Neopulvinaria Mealybug (Pseudooccidae)

 Parthenolecanium ,
« Heliococcus
« Coccus
. . « Phenacoccus
o« Saissetia
, .  Planococcus
* Parasaissetia
« Pseudococcus
- and genus Ceroplastes

Maliogka et al. (2014)
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GLRaV-3 genome expression
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Leafroll impact

_ower vigor

_ower yield

_ower total soluble solids
_ower berry skin anthocyanins
_ower putrescine

_ower total polyamines

_ower valine, methionone and glutamic acid
_ower malic acid

_ower total organic acids
Increased pulp weight
Increased skin weight

_ower alcohol
_ower anthocyanins
_ower polymeric pigments in wines

Berries

Wines

Alabi et al. (2016); Lee & Martin (2009, 2010); Lee et al. (2009)



GLD:

Grape:

Budburst and initiation

Induction

(Pre-véraison)

Inflorescence development and

Leafroll impact

c phase

Fruit set

Véraison

Harvest Dormancy

; flower formation E ;
: : :Cell division 5 5 :
' ' (— ' : :
: ' : Cell elongation Cell elongation | :
[ ' ] —- ' — ] '
: - ;Seed growth ‘E . !
E : : Tartaric and malic acids ;
E . : Sugars and : :
anthocyanins ;
WINTER SPRING SUMMER FALL/AUTUMN WINTER

Maree et al. (2015)



Pinot noir

Healthy GLRaV-3

Dr. P. Gugerli, RAC, Changins, Switzerland



Leafroll detection

Visual inspection

Biological indexing

ELISA

RT-PCR

High throughput sequencing
Remote hyperspectral imaging



Distribution of Leafroll Viruses

« Worldwide

* Wine grapes
Red
White
« Table grapes
* Raisin grapes
» Interspecific hybrids
* Rootstocks



Leafroll Management

Vines derived from virus-tested stocks
Roguing

Removal of vineyards

Insecticides



R .7 Leafroll
. > L







Biology of Red Blotch Viruses

Etiology
Ecology
Impact
Distribution

Management
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Red blotch- Pinot noir

Symptomatic Asymptomatic






Red Blotch Disease

T

V1

V3

Grapevine red blotch-associated virus (GRBaV)
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L HQ443515 Spinach curly top Arizona virus
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_{:GU43668:> Turnip curlf op virus

100 KT388088 Turnip leaf roll virus
— 00 L—————KT388086 Turnip leaf rol virus

KM386645 Apple geminivirus

KX618694 Grapevine geminivirus A

100

X84735 Tomato pseudo-curly top virus
100 FM877473 African cassava mosaic virus
JF502373 Cotton leaf curl Burewala virus

100 L— FJ665283 Bean golden mosaic virus

100 KC706535 Sida micrantha mosaic virus ‘
— FJ665634 Eragrostis curvula streak virus

100 ——— FJ665630 Eragrostis curvula streak virus
EF536860 Wheat dwart virus

DQ458791 Chickpea chlorotic dwarf virus

93

J437671 Axonopus compressus streak virus
AF003952 Maize streak virus

100 ——KF147918 Grapevine red blotch virus

89

100

— JX559642 Grapevine red blotch virus
JQ920490 Citrus chlorotic dwarf associated virus

KR131749 Mulberry crinkle-associated virus
KT214389 Plantago lanceolata latent virus

100

JX094280 French bean severe leaf cur virus
KT214373 Alfalfa leaf curl virus

100 KT214386 Euphorbia caput-medusae latent virus

0.1 nucleotide substitutions per site

Genera

Becurtovirus

Turncurtovirus

unclassified
Topocuvirus

Begomovirus

Eragrovirus

Mastrevirus

Grablovirus

unclassified

Capulavirus

Varsani et al. (2017)



Krenz et al. (2014)
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Three-cornered alfalfa treehopper
(Spissistilus festinus)
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Red Blotch Impact

_ower vigor

_ower yield

_ower soluble solids
Increased fructose
Increased glucose
Increased favonoids
Increased amino acids

Leaves

Induction of primary early ripening
metabolic pathways Berries
Inhibition of ripening-associated pathways

Blanco-Ulate et al. (2017); Wallis and Sudarshana (2016)



Red Blotch Detection

Visual inspection

Biological indexing

PCR

High throughput sequencing
Remote hyperspectral imaging



Distribution of Red Blotch

 North America, Switzerland, South Koreaq,
India

Wine grapes

Red

White
Table grapes
Raisin grapes
Interspecific hybrids
Rootstocks






Management of Red Blotch

* Vines derived from virus-tested stocks
* Roguing
* Removal of vineyards



Biology of Leafroll/Red Blotch Viruses

Similarities:
« Vitis sp. is the only known host

« Negative impact on vigor, yield and quality

* Graft-transmissible

« Disseminated through vegetative propagation
« Vector-transmissible

* Free-living Vitis sp. are reservoirs

* No resistance source in Vitis sp.

« Infectious clones



Biology of Leafroll/Red Blotch Viruses

Differences:
« Distribution

« (Genome composition

« (Genome organization

* Number of open reading frames
« Transmission mode

* Vector species

* Rate of spread






