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Grapevine leafroll disease (GLD)

Reduced vine vigor

Reduced berry yield and quality

Symptoms in cv. Malbec

Symptoms in cv. Chardonnay

Naidu et al., 2014. Plant Disease. 98(9): 1172-1185.



Naidu, 2011. Viticulture and Enology 
Extension News. Fall 2011: 6-7. 

Grapevine leafroll-associated viruses (GLRaVs)

• Six species: GLRaV-1, GLRaV-2, GLRaV-3, GLRaV-4, GLRaV-7, and

GLRaV-13.

• GLRaV-1, GLRaV-2, GLRaV-3, and GLRaV-4 reported from WA 

vineyards.

• GLRaV-3 predominant 

compared to other 

GLRaVs in WA vineyards.

TEM image of a GLRaV-3 virus particle



GLD Epidemiology

• Limited understanding.

• Elucidating the role of different GLRaVs in disease development

and impact on grapevines.

• Innovative molecular approaches needed.

GLRaV-3
▪ Full-length complementary DNA (cDNA) clones constructed.
▪ Replicate and form virus particles in Nicotiana benthamiana.

Applications – gene function, gene expression, cultivar-
specific effects, etc.

Jarugula et al., 2018. Virology, 523 (89-99).



GLRaV-1

• Second most prevalent after GLRaV-3.

• Single and mixed infections.

• Similar to GLRaV-3 – symptomatology, virus particle structure,

genome organization.

A molecular approach similar to GLRaV-3 was desired for 
comparative studies with both viruses.

GLRaV-1 genome organization
(adapted from Naidu et al., 2015 and Dolja et al., 2017)



Objective

To build a “mini-genome” cDNA clone of GLRaV-1 
and use it as a simplified experimental system to 
examine the role of the 5ʹ non-translated region 
(5ʹ-NTR) in viral replication in N. benthamiana.



Methodology
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GLRaV-1 (isolate 
WA-CH) mini-

genome 
construction

GLRaV-1 mini-genome functional 
validation by agro-coinfiltrations



Results
1: Validation of GLRaV-1 mini-genome functionality.

Agro-coinfiltration

Expose to UV light at 5 days post-
infiltration (dpi)

A: Leaf infiltrated with the GLRaV-1 
mini-genome + RNA silencing 
suppressor
B: Leaf infiltrated with the GLRaV-1 
mini-genome alone
C: Leaf infiltrated with empty 
binary vector (not carrying the 
mini-genome)

This shows that the GLRaV-1 mini-genome was 
functional!



Results
2: The 5ʹ-NTR sequence can be exchanged between GLRaV-1 

genetic variants.

Agro-coinfiltration

Expose to UV light at 5 days post-
infiltration (dpi)

A: Leaf infiltrated with the GLRaV-1 isolate 
‘WA-PN’
B: Leaf infiltrated with the GLRaV-1 isolate 
‘clone a’



Results
3: The first 32 nucleotides at the 5ʹ-terminus of GLRaV-1 

genome are essential for mini-genome replication.
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Agro-coinfiltration

Expose to UV light at 
5 dpi



Conclusions

• GLRaV-1 (isolate WA-CH) mini-genome cDNA clone successfully
constructed, and functionality validated.

• 5ʹ-NTR of GLRaV-1 of one isolate can be exchanged with 5ʹ-NTRs
from other genetic variants – WA-PN and clone a.

• First 32 nt of the 5ʹ-NTR are adequate for GLRaV-1 replication.
Any deletions within this region resulted in no GFP expression.
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