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3. EXECUTIVE SUMMARY
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Objectives and Rationale
Determine whether the spread of Vitiviruses occurs under field conditions independently of
spread by GLRaV-3 as they share the same vectors. To determine if the spread occurs at
different spatial rates to that of GLRaV-3, and whether mild virus-like symptoms still found in
vineyards following control of GLRaV-3 may be due to Vitiviruses

Methods
In this study we determined whether natural Vitivirus spread occurs independently of GLRaV-3
in vineyards as well at what spatial rates relative to GLRaV-3 spread. This was done by
collecting vines from a clump of leafroll infections (as this indicates that secondary spread is
occurring), as well as from surrounding vines and testing them for GLRaV-3 and Vitiviruses.
We compare the spatial position of such infections. Secondly, we tested whether virus-like
symptoms observed in leafroll eradicated vineyards are due to Vitiviruses, and if so, whether it
is necessary, within the South African certification scheme to further tests for this virus in
mother-blocks where GLRaV-3 is eliminated.

Key Results
Leafroll infection foci were identified on 5 wine estates. From 12 such foci, 347 samples were
collected. All samples were tested for GLRaV-3 by ELISA. Those testing negative were
subjected to GLRAV-3 RT-PCR tests. RT-PCR was done for Viti- and Fovea Viruses on all
collected samples and 302 samples sequenced in one direction and identified using BLASTn.
GVA, GVB, GVE, GVF, and GVH were identified and occur both with and without GLRaV-3 in
roughly similar amounts, as does the Foveavirus Grapevine rupestris stem pitting associated
virus. This suggests that there is not a co-dependence of the Viti-Foveaviruses with GLRaV-3
for spread. Furthermore, the spatial rate of spread of Vitiviruses is greater than that of
GLRaV-3. In addition, in leafroll managed vineyards about 5 of 20 vines with mild, virus-like,
non-leafroll symptoms contained Vitiviruses. This may suggest that Vitiviruses are spreading
undetected in leafroll managed vineyards.

Key Conclusion of Discussion
Spatial analysis of GLRaV-3 and Viti-Fovea Viruses found in leafroll foci and surrounding vines
suggests that spread of Vitiviruses are independent of spread of leafroll and more rapid than
the rate of spread of GLRaV-3, and that a greater, unnoticed, prevalence of these viruses
occurs in South African vineyards.

Take Home message for Industry

Vitiviruses spread does not require the co-presence grapevine leafroll associated virus – 3.
Vitiviruses may be prevalent and unnoticed in vineyards where leafroll disease has been
controlled. This suggests that mealybug control should be maintained even when leafroll has
been eliminated or near-eliminated. The effect of infection of the Vitiviruses on their own needs
to be determined to decide whether to include them in the certification scheme.

4. PROBLEM IDENTIFICATION AND MOTIVATION

Problem Identification

This document is confidential and any unauthorised disclosure is prohibited. Version 2020



During surveys of South African wine grape vineyards (Pietersen, 2002; and Jooste et al.,
2015), various members of the Vitivirus genus, including grapevine virus A, B, E, and F (GVA,
GVB, GVE, and GVF) were detected. The Vitiviruses detected were very commonly observed in
mixed infections with grapevine leafroll associated virus type 1, 2, or 3 (GLRaV-3), with 196 of
270 tested samples having either GVA, GVE or GVF in mixed infection with GLRaV-3 (Jooste et
al., 2015), the virus primarily associated with leafroll disease in South Africa (Pietersen, 2002).
Internationally, the co-infection of GVA with either GLRaV-1 or GLRaV-3 is often reported (Fuchs
et al., 2009; Pacifico et al., 2011; Voncina et al., 2011). For those Vitivirus with known vectors,
these are the same general vector group (mealybugs and soft scale species) as the Ampelos
Viruses (including GLRaV-3) (Fuchs et al., 2009; Bertin et al., 2010). The possibility of a
co-dependence of Vitivirus spread on GLRaV-3 exists and has prompted speculation over
several years that the Vitiviruses require GLRaV-3 for co-transmission by their common
mealybug vector. In South Africa, GLRaV-3 is very successfully eliminated from vineyards where
roguing of leafroll affected vines and vector control is applied (Pietersen et al., 2013). The
implication of a co-dependence of Vitiviruses on GLRaV-3 would be that if mealybug numbers
and dispersal was managed, and GLRaV-3-infected plants are rogued, that Vitiviruses would
similarly be controlled (ie. Leafroll symptoms could serve as a proxy to Vitivirus infection).
Recently however evidence has been obtained of the GLRaV-3 independent transmission of
Vitiviruses; This includes; 1) analysis of a vine from Mr. T Oosthuizen, Vititec, in 2014 which
contains only GVA and no Ampeloviruses, 2) in the Jooste et al. (2015) survey, Vitiviruses alone
were detected in 7 instances out of the 270 samples tested, and 3) in conducting controlled
experiments with mixed infections of GLRaV-1, GLRaV-3 and GVA, Bertin et al., (2016) showed
that GVA could be transmitted to grapevines without either of the two Ampeloviruses. The
Vitivirus transmission independence may also explain the fact that in vineyards where a
significant number of leafroll infected plants had to be removed, including some Foundation –
and mother-blocks, some of the remaining plants still exhibit some mild virus-like symptoms, but
test negative for GLRaV-3. We hypothesis that these may be due to residual Vitivirus infections.
If this is the case, it suggests that Vitivirus-infected planting material would continue to be
distributed within the wine grape industry. Currently the certification scheme does not require
testing for these viruses in foundation- or mother-blocks, partially due to the absence of a locally
available ELISA kit.

Motivation
We propose to determine whether natural Vitivirus spread occurs independently of GLRaV-3 in
vineyards and the relative spatial rates of Vitiviruses and GLRaV-3 spread. Additionally, we
intend determining whether virus-like symptoms observed in leafroll eradicated vineyards are
due to Vitiviruses, and whether it is necessary, within the South African certification scheme to
further tests for this virus in mother-blocks where GLRaV-3 is eliminated.

5. ACCUMULATED PROGRESS TABLE
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Objectives Milestones (Significant event or stage in a project) Date
Achieved

Monitor natural
secondary spread of
vitiviruses relative to
that of GLRaV-3

Completed identification of symptomatic leafroll disease foci
in centre regions of red cultivar vineyards.Completed collect
petioles of all vines in the symptomatic foci, as well as
defined surrounds

2017-05-15

Completed RNA extraction of all samples 2017-05-15

Completed tests for GLRaV-3 (ELISA) and vitivirus (PCR and
sequencing) 2017-06-15

Complete PCR tests for GLRaV-3 on GLRaV-3 negative,
vitivirus positive samples for GLRaV-3 by PCR 2017-10-15

Complete spatial analysis of data. 2018-04-15

Monitor natural primary
spread of vitiviruses
relative to that of
GLRaV-3

Identify GLRaV-3 infected vines (white cultivars) or leafroll
disease (red cultivars), clearly primary spread infected vines 2017-05-15

Have collected petioles of single infected/or symptomatic
vines and surrounds. 2017-05-15

Complete RNA extraction and preparation for ELISA tests of
all samples conducted. 2017-06-15

Complete test for GLRaV-3 (ELISA) and vitivirus presence
(PCR) and identity 2017-01-15

Complete spatial analysis of data. 2018-04-15

Determine if mild
virus-like symptoms in
vineyards following
leafroll control are due
to vitiviruses

Will have identified vineyards with requisite criteria 2017-04-14

Will have monitored and identified symptomatic vines. Will
have analysed previous Leafroll spread data to identify areas
for tests.

2017-04-15

Will have collected petioles from vines displaying
abnormalities, and also collect vines in the immediate
surrounds of removed leafroll foci based on the size and
shape of the foci.

2017-05-15

Complete RNA extraction of all samples conducted. 2017-06-15

Complete test for GLRaV-3 (ELISA) and vitivirus presence
(PCR) and identity 2017-12-14

Complete spatial analysis of data. 2018-04-15

Do follow-up collections
and tests 2018-12-15

Write up and publish 2018-12-15
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results

6. WORKPLAN (MATERIALS AND METHODS)

W1 - Monitor natural secondary spread of Vitiviruses relative to that of GLRaV-3

Eight red cultivar, written-off mother block vineyards of known scion, rootstock, year of
planting were identified to serve as trial sites. During autumn of 2017 three grapevine
leafroll foci per trail site were visually identified. A foci was defined as having at least
two vines adjacent to each other displaying clear leafroll symptoms. A single
symptomatic vine in each foci was tagged with an accession number and the foci
pattern recorded. Six petioles were collected from each vine in the symptomatic foci, as
well as from surrounding vines (as dictated by the foci size and shape) up to those not
showing symptoms. Each sample was assigned a unique accession number and the
presence of leafroll symptoms recorded. Petioles per sample were macerated in the
extraction buffer and GLRaV-3 ELISA performed as per the manufacturer’s (ARC-PPRI)
instructions. Total RNA was extracted from each sample using a
cetyltrimethylammonium bromide (CTAB) protocol modified by omitting spermidine from
the CTAB buffer (White et al., 2014). RNA concentrations and purity (A260/A280 and
A260/A230 ratios) were determined using a Nanodrop-ND 1,000 spectrophotometer
(Whitehead Scientific (Pty) Ltd, South Africa) and the RNA extracts aliquoted and stored
at -80°C. RNA extracts of those samples testing negative for GLRV-3 by ELISA were
tested for the presence of GLRaV-3 specific RT-PCR using primers directed at
conserved regions of the Helicase gene of GLRaV-3 variants as per the published
protocol (Goszczynski, 2013), but using GoScript™ reverse transcriptase (Promega,
Madison, WI, USA) for cDNA synthesis and GoTaq® G2 Flexi DNA Polymerase
(Promega, Madison, WI, USA) for amplification. All RNA extracts were tested for viruses
of the Vitivirus and Fovea Virus genera using the modified Viti/Fovea nested RT-PCR
(Dovas C & Katis N (2003). To identify the dominant Viti or Fovea species within the
PCR amplicon of the samples these were subjected to a clean-up procedure using
exonuclease I and Fast alkaline phosphatase, and then subjected to Sanger
sequencing in one direction. Using the results spatial analysis of viruses identified was
conducted.

W2 - Monitor natural primary spread of Vitiviruses relative to that of GLRaV-3

Several vineyards within a wine estate in which leafroll control has been conducted for
at least 20 years and the history of infection along with spatial data is known were
selected for analysis. GLRaV-3 infected vines (white cultivars) or leafroll disease (red
cultivars) of 2017, which have no obvious relation to any previous leafroll infection and
represent only single vines, were identified after studying previous years records. These
vines have a high probability of being infected through primary spread. A representative
number of these individual vines were collected and tested for viruses as described
above.

W3 - Determine if mild virus-like symptoms in vineyards following leafroll control are due
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to Vitiviruses

Several vineyards within a wine estate in which leafroll control has been conducted for
at least 20 years and the history of infection along with spatial data is known were
selected for analysis. Vines with any virus-like abnormalities were selected, collected
and tested for virus as above.

W4 - Do follow-up collections and tests.

Confirmatory RT-PCR was conducted to confirm the presence of new or unusual virus
findings and characterisation of viruses with regards their nucleotide sequence were
performed where needed.

W5 - Write up and publish results.

7. RESULTS AND DISCUSSIONS

1. Monitor natural secondary spread of vitiviruses relative to that of GLRaV-3.

During this project, 347 vine samples were collected from 24 grapevine leafroll disease foci,
selected at 8 vineyards at 5 wine estates. The number of vines collected at any foci was based
on the size and shape of the leafroll disease focus but always involved foci where evidence of
spread could be observed (at least two leafroll symptomatic vines next to each other). Leafroll
symptoms and the relative position of samples within the foci were recorded. All samples were
tested by ELISA. Of 228 samples showing no clear leafroll symptoms, 51 tested positive by
ELISA and a further 11 of these were positive by GLRaV-3 RT-PCR (Figure 1). These represent
samples with recent infections and hence active secondary spread and illustrate the usefulness
of these foci for the study of the Vitivirus co-dependence. Of the 119 samples showing clear
leafroll symptoms a surprisingly large number of symptomatic, but ELISA negative, samples
were detected (n = 44) in two vineyards. These were tested by RT-PCR with 18 samples testing
GLRAV-3 positive. The remaining instances probably represent infection by a leafroll associated
virus other than GLRaV-3. Unfortunately, the vineyards, at two sites where the 26 remaining
samples were collected had been removed in the winter of 2017, precluding further analysis of
these samples.
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Figure 1: Leafroll status of sample collection foci.

Of the samples, 302 were tested by RT-PCR for Vitiviruses and Fovea Viruses using the
nested-RT-PCR protocol of Dovas & Katis, 2013. Of these 160 samples tested positive for Viti-
and Fovea Viruses. The association of these viruses with GLRaV-3 are provided in Table 1.
They provide a chi-squared statistic of 5.89 -10 at 3 degrees of freedom, this is significant at
99% i.e. the Viti-Foveavirus do not associated with GLRaV-3.

These two genera therefore, occur with and without each other almost equally. To determine
whether individual viruses within these genera are associated with GLRaV-3 infections
amplicons from the Viti-Foveavirus RT-PCR were subjected to sequencing in one direction using
the dRW_Nest1 primer and sequences subjected to BLAST analysis. These results are
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presented in Table 2.

Table 2: Numbers of vines in which specific Vitiviruses were detected in the presence or
absence of GLRaV-3

The non-association of GLRaV-3 with any of the Vitiviruses and the Fovea Viruses was also
evident from the spatial distribution of the respective viruses in the foci analysed. Two examples
of the relative spatial position of vitiviruses to that of leafroll are provided in Figure 2. It is evident
that GVA, GVF and GVH appear to be at relatively high incidences in the foci analysed and that
their spread is independent of GLRaV-3. These viruses may be present and hitherto be
spreading unnoticed in the vineyards. This needs further investigation. Should they be found
completely independently of GLRaV-3 the effect of these viruses on vine and wine production
must be determined. The high number of Grapevine rupestris stem pitting associated virus
infections can be indicative of a high incidence of the virus in vineyards generally and may also
not be related to the presence of the leafroll disease foci. While this may be due to the
recalcitrant nature of this virus to heat therapy and shoot tip culture, nuclear block samples set
by Vititec to Waite institute have been negative for GRSPaV in general. No vector is known for
this virus but it may be spreading naturally. This bears further investigation.
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Figure 2: Relative spatial position of GLRaV-3 and Vitivirus infected vines within two leafroll foci.

2. Monitor natural primary spread of Vitiviruses relative to that of GLRaV-3

To assess whether Vitiviruses also spread over long distances via primary spread, 24 vines
displaying leafroll symptoms within vineyards where leafroll is near-eradicated were collected.
These infections had no apparent spatial connection with any previous infections, as observed
over the past 16 years and probably represent long distance dispersal of viruliferous mealybugs
from neighbouring estates. As these infections represent instances with a high probability that
only a single viruliferous mealybug had fed, and assuming a co-dependence of Vitiviruses on
GLRaV-3 they could provide an indication of long-distance primary spread of Vitiviruses with
GLRaV-3. All 24 samples tested positive for GLRaV-3 by ELISA. Six of these samples tested
positive for a Viti-or Foveavirus. Based on sequencing of the amplicon of three samples in only
one direction, samples appeared infected by grapevine virus A, grapevine virus F and grapevine
virus H. The remaining three samples were sequenced in two directions and two of these
contained GVA and the third gave a mixed sequencing trace, suggestive of a mixed infection.
Based on this data and assumption, it appears as though Viti Viruses can be transmitted over
long distances by mealybugs along with GLRaV-3. However, if the Viti-/Fovea Viruses spread
independently of GLRaV-3, as suggested by our data from diseased foci, and do not display
obvious symptoms, they may be widespread in vineyards and the above evidence does not
necessarily constitute a co-transmission of GLRaV-3 and Vitiviruses.

3. Determine if mild, virus-like, non-leafroll symptoms in vineyards following leafroll
control are due to Vitiviruses.

Virus-like symptoms have been observed on a few vines in specific vineyards at Vergelegen
wine estate after near-eradication of leafroll. To determine whether these are due to Viti- or
Fovea Virus infections, 20 samples, displaying various symptoms were collected from
Vergelegen, where leafroll has been controlled by roguing for 16 years. RNA was extracted from
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each of these and has thus far been tested for GLRaV-3. Five of these were infected by
GLRaV-3 and represent vines which display a symptom variation usually associated with
leafroll. Five samples, testing positive for Vitiviruses or Fovea Viruses by RT-PCR were
sequenced. Four of these contained Grapevine rupestris stem pitting associated virus while the
remaining sample contained grapevine virus H (based on amplicon sequencing in one
direction).

4. Do follow-up collections and tests

The last remaining objective of the project was to do follow up confirmations to confirm the
presence of some of the Vitiviruses not previously reported in South Africa. One such virus was
grapevine virus H (GVH) in South African V. vinifera, putatively found in material tested in 2017.
Eight to ten canes were collected post-harvest, 16-19 May 2018, from a total of twelve
asymptomatic V. vinifera vines (17-8509; 17-8510; 17-8511; 17-8512; and 17-8514) sampled
from one of the previous analysis sites (cultivar Cabernet Sauvignon) and vines 17-8545; 17
8547; and 17-8548 sampled from a second analysis site (cultivar Merlot), with GVH identified in
17-8548 previously. Four new vines of unknown infection status were also sampled from the first
site (cultivar Merlot) including vines 18-0065; 18-0066; 18-0067; and 18-0068. Following
RT-PCR only four of the twelve samples yielded a band of expected size (~201 bp) indicative of
the presence of Viti/Fovea-viruses. These samples were submitted for bi-directional Sanger
sequencing and the sequences obtained were identified using BLASTn. None of the samples
contained GVH, including sample 17-8548, previously considered putatively infected by GVH.
Sanger sequences suggested that all four samples 17-8509, 17-8545, 17-8547, and 17-8548
however contained rupestris stem pitting-associated virus (GRSPaV).

In parallel with the above, good quality total RNA from phloem scrapings of sample 17-8548
were shipped on dry ice to the sequencing facility (LifeSequencing, Valencia, Spain).
Ribodepletion was conducted using the Ribo-Zero rRNA Removal Kit (Illumina, San Diego, CA,
USA). Thereafter, a complementary deoxyribonucleic acid (cDNA) library was prepared using
the ribo-depleted RNA with the TruSeq Stranded Total RNA LT Sample Prep Kit, Set B (Illumina,
San Diego, CA, USA), and sequenced using the NextSeq500 platform (Illumina, Inc.) (2 × 150
bp paired reads). CLC Genomics Workbench 10.1.1 software (Qiagen Bioinformatics) was used
to perform all bioinformatics analyses unless stated otherwise. The cDNA library preparation
produced 3,370.09 Mb of Illumina sequenced data including a total of 49,433,968 reads
(24,716,984 pairs) with an average size of 136.5 nt and an average Phred quality score of
Q31.89. A base call accuracy cut-off of 95% (default quality trimming) was used to ensure that
no low-quality reads were retained. After trimming, a total of 49,418,240 high-quality reads
remained, including 24,701,256 unbroken pairs with an average length of 134.6 nt. Overlapping
paired reads were merged to create a total of 21,067,937 merged reads with an average length
of 155.19 nt. Reference mapping was performed whereby merged Illumina reads were mapped
against the complete genome of GVH (GenBank Acc. #: MF521889.1) as the reference
sequence. None of the merged reads mapped to the reference GVH sequence confirming the
GVH specific RT-PCR negative results. We have therefore been unable to confirm the presence
of GVH in this sample. We speculate that this may be due to a re-sampling error as we had only
marked a single infected leafroll vine per foci collected and it is possible that re-sampling
occurred in the second potential orientation that a single point provides.

 

8. CONCLUSIONS AND RECOMMENDATIONS
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Based on an analysis of the presence of Viti-and Fovea Viruses in 12 leafroll infection foci from
5 wine estates it is evident that a number of Vitiviruses and Fovea Viruses occur in South
African vineyards, including GVA, GVB, GVE, GVF, GVH, and GRSPaV. These Vitiviruses and
Fovea Viruses occur both with and without GLRaV-3 in roughly similar amounts. This suggests
that there is not a co-dependence of the Viti-Foveaviruses with GLRaV-3 for spread. Vines with
virus-like, non-leafroll symptoms in five of 20 instances contained Vitiviruses. The results from
this project suggest that Vitiviruses and Foveavirus spread independently and more rapidly in
the field than GLRaV-3 and may be persisting in vineyards where leafroll is controlled by
roguing.

9. PLANNED OUTPUTS

a) TECHNOLOGY DEVELOPMENT, PRODUCTS AND PATENTS
None

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER

Peer reviewed article to be published Results presented at VIA technical committee meeting

c) HUMAN RESOURCES DEVELOPMENT / TRAINING (STUDENTS)

Student Name and
Surname

Student
Nationality

Degree (eg Hons,
MSc)

Level of studies in
final year of project

Total Bursary Cost
for Industry for
entire project

Honours

Palesa Mohale South African BSc (Hons) Finished R 12000

Rachel Janse van Rensburg South African BSc.(Hons) Finished R 12000

Natalie Nel South African BSc. (Hons) Finished R 25000

Masters

PhD

Postdocs

d) LIKELY PUBLICATIONS (POPULAR, PRESS RELEASES, SCIENTIFIC)
Pietersen, G. , Mohale, P., van Rensburg, M., Nel., N., 2018. Analysis of natural spread of
grapevine virus A (GVA ) relative to Grapevine leafroll associated virus 3 (GLRaV-3) in South
African vineyards.

e) PRESENTATIONS/PAPERS THAT COULD BE DELIVERED
Pietersen, G. , Mohale, P., van Rensburg, M., Nel., N., 2018. Analysis of natural spread of
grapevine virus A (GVA ) relative to Grapevine leafroll associated virus 3 (GLRaV-3) in South

This document is confidential and any unauthorised disclosure is prohibited. Version 2020



African vineyards.

10. PROJECT OUTCOME AND IMPACT

New Knowledge Benefits Supply
Chain

Direct Grower
Application

Direct
Packhouse/Winery/
Cellar Application

Other

X

Other is:

The Value of the project to industry
This project has shown that we cannot assume that we are controlling Vitiviruses and Fovea
Viruses at the same time as controlling leafroll disease by roguing, as has been inferred
previously by the notion of a co-dependence of the Vitiviruses on GLRaV-3 for spread. It has
also illustrated the high prevalence of members of the Vitiviruses and Fovea Viruses in the
vineyards tested.

11. PERSONS PARTICIPATING IN THE PROJECT:

INITIALS AND SURNAME
HIGHEST

QUALIFICATI
ON

RACE
(M,W)

GENDER
(M,F)

INSTITUTE
DEPARTM POSITION TOTAL COST

TO PROJECT

RESEARCH PERSONNEL R 44500

G. Pietersen R 44500

SUPPORT PERSONNEL R 0

POSITION: Co = Co-worker (other researcher at your institution)
Coll = Collaborator (participating researcher that does not receive funding for this project from industry)
PF = Post-doctoral fellow
PL = Project leader
RA = Research assistant
TA = Technical assistant/ technician

12. TOTAL COST OF PROJECT

TOTAL
ANNUAL
COSTS (ALL
YEARS)

CFPA Raisin
SA HORTGRO SATI WINETECH ARC OTHER TOTAL

2015 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0
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2016 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

2017 R 0 R 0 R 0 R 0 R 281600 R 0 R 0 R 281600

2018 R 0 R 0 R 0 R 0 R 80000 R 0 R 0 R 80000

2019 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

2020 R 0 R 0 R 0 R 0 R 0 R 0 R 0 R 0

TOTAL R 0 R 0 R 0 R 0 R 361600 R 0 R 0 R 361600
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