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3. EXECUTIVE SUMMARY  
. 

 
Grapevine leafroll associated virus 3 (GLRaV-3) does not produce symptoms and is poorly 
detected by ELISA and PCR in Vitis rootstocks for reasons that have not been investigated fully. 
During the current study we compared the virus status of the rootstock and scion within 
individual vines for grapevine leafroll associated virus (GLRaV-3) strains in order to understand 
the poor GLRaV-3 detection better. We also determined the presence in this material of other 
leafroll associated viruses and viruses of the Viti- and Foveavirus genera. As rootstock suckers 
are generally pruned away in commercial viticulture, we were unable to find sufficient 
specimens of all the commonly utilised rootstocks, and most samples obtained were of various 
scion combinations with Richter 99 rootstock (R99, V. berlandieri X V. rupestris).  We confirmed 
the poor detection of GLRaV-3 with a broad spectrum GLRaV-3 PCR in R99 in 76 individual 
vines tested but also report the reliable detection of this virus in Ramsey (8 vines). We could 
find no clear evidence of selection of specific GLRaV-3 variants in those rootstocks which were 
infected by this virus. The possibility that unreported, heterogeneous, and hence poorly 
detected strains of GLRaV-3 may account for the poor detection of this virus in this tissue could 
be discounted. The possibility that the limited numbers of GLRaV-3 sources detected in R99 are 
resistance-breaking sources requires future investigation. Low sample numbers obtained of 
vines with 101-14, Richter 110, and Paulson rootstocks precluded conclusions with regards 
GLRaV-3 infection of these rootstocks. Investigation into the erratic distribution of GLRaV-3 and 
seasonal variation in distribution and titer are nearly completed. Some infections of GLRaV-1 
and GLRaV-2, also in rootstocks, were observed. No infections of GLRaV-4 and -7 were 
obtained in any scion or rootstock tested. Members of the Viti-Foveavirus genera were readily 
detected in 46 of 75 R99 tested, but were present in a further 24 scions and not the 
corresponding R99 rootstocks. The robust detection of Viti-Foveaviruses by PCR allowed us to 
discount the possibility that R99 contained inhibitors that may affect PCR. We were able to 
show that GLRaV-1 and GLRaV-2, grapevine virus A (GVA), grapevine virus B (GVB), 
grapevine virus E (GVE) and grapevine rupestris stem pitting associated virus (GRSPaV) were 
all capable of infecting R99.  
 
 
4. PROBLEM IDENTIFICATION AND OBJECTIVES 
.   
Grapevine leafroll associated virus 3 (GLRaV-3) does not produce symptoms and is poorly 
detected by ELISA and PCR in Vitis rootstocks, purportedly as it occurs in low titres and is 
erratically/unevenly distributed in these. To detect this virus successfully in rootstocks within the 
Wine Grape Certification Scheme an improved sampling protocol is required prior to the use of 
sensitive detection techniques such as real-time PCR or LAMP. In this project we intended to 
gain a greater understanding of the distribution of the virus in rootstocks and changes in titre of 
the virus throughout the season. We also wish to determine whether a reduction in ability to 
detect the virus by PCR is due to plant inhibitors in these Vitis species, or whether rootstocks 
select specific, unique, and poorly detected, GLRaV-3 variants. Additionally we also plan to 
determine whether leafroll associated viruses other than GLRaV-3, Fovea-, Vitiviruses, and 
potentially other viruses, are capable of infecting locally utilised rootstocks 
 
5. WORKPLAN (MATERIALS AND METHODS) 
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Sample collection. 
  
Vines were collected from both commercial and experimental red and white-cultivar wine grape 
vineyards from two regions (Wellington and Stellenbosch) during autumn of 2014, 2015, and 
2016 (Table 4-Appendix). Samples consisted of scions displaying clear leafroll symptoms 
having lignified, relatively large canes arising from the rootstock (Figure 1). Samples consisted 
of cane tissue collected separately from both the scion and the rootstock, and each assigned a 
separate, but linked, accession number.  
 
RNA extraction. 
 
Samples were processed by removing the outer bark and preparing phloem shavings. These 
were weighed into separate aliquots and stored at minus 80⁰C until RNA extraction and PCR 
analysis could be done. PCR and sequencing analysis were done with scion and rootstocks 
pairs of each vine in order to determine whether difference in virus composition occur in the 
rootstocks and scion of single vines. Total RNA extraction was conducted on 200mg phloem 
scrapings from each sample using a modified cetyltrimethylammonium bromide (CTAB) method 
(White et al., 2008).  
 
Virus tests 
 
Leafroll associated viruses: Rootstock and scion samples collected were tested in RT-PCR for 
GLRaV-1; -2; -3; -4-like and GLRaV-7 using the published primers listed in Table 1. Reverse 
transcription was with Moloney murine leukemia virus reverse transcriptase (Promega) following 
the manufacturer’s instructions along with the respective reverse primers in Table 1. First strand 
cDNAs were amplified by PCR using BioTaq Polymerase (Bioline) according to manufacturer’s 
suggested cycling conditions, primers and annealing conditions in Table 1. Agarose 
electrophoresis was performed to determine the presence/absence of the various amplicons. 
 
 
Table 1. Primers for detecting Grapevine leafroll associated viruses 

Viral 
target 

Primer Sequence (5’ – 3’) Product 
size 
(bp) 

Annealin
g temp 
(⁰C) 

Reference 

GLRaV-
1 

HSP70-417 
F 

GAGCGACTTGCGACTTATC
GA 

320 61 (Osman and 
Rowhani, 2006) 

HSP70-737 
R 

GGTAAACGGGTGTTCTTCA
ATTCT 

GLRaV-
2 

V2dCPf2 ACGGTGTGCTATAGTGCG 515 61 (Bertazzon and 
Angelini, 2004) V2CPrl GCAGCTAAGTACGAATCT 

GLRaV-
3 

Hel2F GGCGAAGAGTATTCGCTC 560 52 (Goszczynski, 
2013) Hel2R CCAGAAAAGGCCTTCGTC 

GLRaV-
4 

LRAmp-F  ATTTAGGTAATGTWGTRGCTAC 485 46 (Abou Ghanem-
Sabanadzovic et 
al., 2012) 

LRAmp-R  TATCCTCAGWGAGGAARCGG 

GLRaV-
7 

LR7 
G23metF 

AATGACTGTGATGTCGCTTT
TAC 

190 61 (Al Rwahnih et 
al., 2012b) 

LR7 
G23metR 

TACCACTACCAGGAGGTTT
ATTCA 

 
The GLRaV-3 RT-PCR system utilized in this study was selected as it contained primers 
directed at binding sites that are highly conserved amongst the GLRaV-3 variants known at 
initiation of this study, and amplifies a sequence that is variable amongst the GLRaV-3 variants. 
This allows identification of the GLRaV-3 variants present following Illumina targeted 
sequencing of the amplicon, an approached utilised for citrus tristeza virus viral population 
studies (Read and Pietersen, 2015). Rootstock and scion samples were transcribed using using 
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GoScript™ reverse transcriptase (Promega) following manufacturer’s instructions and primer 
pair Hel2R (Goszczynski, 2013). Amplification of the first strand cDNAs through PCR using 
GoTaq® G2 Flexi DNA Polymerase (Promega) and primers Hel2F and Hel2R (Goszczynski, 
2013) that target the helicase domain of the GLRaV-3. The presence/absence of the 560bp 
product was analysed by performing a 2% agarose electrophoresis. 
 
Viti/Foveaviruses: Detection of Viti- and Foveaviruses was achieved by using a universal nested 
RT-PCR system (Table 2) (Dovas and Katis, 2003) using Moloney murine leukemia virus 
reverse transcriptase (Promega) and BioTaq Polymerase (Bioline). Confirmatory tests where 
conducted using published and newly designed Vitivirus virus specific primers (Table 2).  
 
Table 2. Primers used in Viti- and Foveavirus universal detection, and Vitivirus specific primers. 
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Viti- and 
Foveavir
uses 

dRW_up1 WGC IAA RDC IGG ICA RAC 

Nested 
PCR 

199bp 

RNA 
depende
nt RNA 
polymer
ase 

Dovas and Katis, 2003 
dRW_do2 RMY TCI CCI SWR AAI CKC AT 

dRW_nest1 GGG GCA RAC IHT IGC ITG YTT 

dRW_nest2 
AAI GCY TCR TAR TCI GAI TCN 
GT 

GVA 

MP TGCCAGAGGTGTTTGAGACAAT 

61 986 

ORF 
3,4,5 
+3'UTR 
(MP, 
CP, and 
nucleic 
acid-
binding 
protein De Meyer 2000, Goszczynski and Jooste 2002 CPdt TTTTTGTCTTCGTGTGACAACCT 

GVB 
ACPF CAATAAGCAAGCARTTCCC 

58 751 
ORF 4 + 
IR 

Megan (unpublished) 

ACPR CACTCTAMTCTACCACAACA 

GVD 
GD1 GTACCTTAGGACGCTCTTCGGG 

48 700 CP Abou- Ghanem 1997 

GD2 
CGTT GGGT CG AGT GT G 
AGTACG 

GVE 

EF1 CGTGCGGARGGCAAT 

63 804 

Mp and 
Nucleic 
acid-
binding 
protein  

Megan (unpublished) 

ER1 CGCCGGGGTTCTTATG 

EF2 AACTTCACCTACCCACCA 
63 822 ORF1  Megan (unpublished) 

ER2 TTTCATCTCMAGCCTATCC 

EF3 GGATAGGCTKGAGATGAAA 
63 819 

ORF1 + 
hypothet
ical 
protein  

Megan (unpublished) 

ER3 CCAAAGGGTAAAGGAGGT 

 

Illumina MiSeq Sequencing 
 
Amplicons for illumine sequencing were selected from vine samples where both the scion and 
rootstock were positive in GLRaV-3 PCR, or for a number of samples yielding amplicons in the 
Viti-/foveaviruses PCR.  
 
The minumum required concentrations of amplicons for Illumina MiSeq submission was 
obtained by concentrating replicated PCR reactions through column purification (NucleoSpin® 
Gel and PCR cleanup, Macherey-Nagel). Next generation sequencing, utilizing the MiSeq 
Platform was completed on selected purified amplicons. The samples were submitted for 
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sequencing at the Agricultural Research Council (ARC), Biotechnology Platform, Pretoria, South 
Africa.  
 
MiSeq data analysis.  
 
CLC Genomics Workbench 6 (Aarhus) was used to carry out all trimming and analyses of the 
Illumina MiSeq data sets. After the data was imported as paired end reads, adapter and quality 
trimming was performed using the default program settings with Nextera V2 transposase 
adapter sequences  (Transposase1: GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAG;  
Transposase2: TCGTCGGCAGCGTCAGATGTGTATAAGAGACAG). Quality off reads were 
assessed.  
 
For GLRaV-3 variant analysis the Illumina reads of each sample were reference mapped to the 
cognate region of published Hel2F/Hel2R sequences GLRaV-3 representatives. The following 
sequences were included in the reference mapping. Group I: AF037268.2 (NY-1); GQ352631.1 
(621); EU344893.1 (Cl-766). Group II: GQ352632.1 (623); EU259806.1 (GP18). Group III: GQ 
352633.1 (PL-20). Group VI: JQ 655296.1 (GH30). Group VII: KM 058745.1 (GH24). The data 
analysis pipeline was optimized for the specific cognate region, using a positive control 
consisting of amplicon obtained from clones. The optimized parameters for reference mapping 
were a 0.9 similarity fraction, 0.9 length fraction, and the use of the ‘ignore’ function where 
reads were capable of multiple mappings. A cut off was determined to be at 1% according 
optimization of the positive control and its known contents.  
 
De novo assembly was implemented on the collected unmapped reads at default parameters, 
thereafter continued to multiBLAST the generated contigs. 
 
For Viti-/Foveaviruses illumine reads of each sample was reference mapped to the cognate 
region amplified of Viti- and Foveavirus representatives. De novo assembly was carried out on 
the collected unmapped reads at default parameters, thereafter continued to multiBLAST the 
generated contigs. Optimization was required in the case of both reference mapping and de 
novo assembly parameters based on the positive control submitted. 
 
Consensus sequence of viral population. 
 
Direct Sanger sequencing was performed on the amplicons obtained from rootstock and scion 
samples from the Viti-/Foveavirus universal nested RT-PCR detection system. The resulting 
sequences were edited, analysed for ambiguities, and NCBI BLASTed to determine the identity 
of the dominant virus present in the amplicon sample.  
 
Iin planta distribution and seasonal variation of GLRaV-3 
 
Vines were used from a previous trial to test the sensitivity of Immuno electron microscopy and 
ELISA in the Wine Grape Certification Scheme on rootstocks (Kasdorf, 2006). The trial 
consisted of virus free rootstocks that had been cleft grafted with various virus sources from 
Vitis vinifera. The inoculated rootstocks have been maintained at PPRI in a screen-cage since 
the conclusion of the 2006 trial. Only those rootstock individuals inoculated with GLRaV-3 
containing sources and with sufficient surviving replicates of vines with large and voluminous 
canes were useful for analysis. These were the Black Spanish 2 (90/0246) and Ohanez 
(92/1023) inoculated samples. Healthy rootstock 8-7 (which contains a Vitis vinifera parental 
line) as well as canes of a GLRaV-3 infected 8-7 vine were obtained from Tobie Oosthuizen, 
Vititec to serve as a Vitis vinifera containing parental line control.  Samples were collected every 
six weeks of the growing season between November, 2014 and April, 2015 (10 time 
points)(Table 3).  
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Samples consisted of petioles collected from either the bottom one third or the top one third of 
all the canes of three biological replicates of Black Spanish (90/0246), and Ohanez (92/1023) -
inoculated sources of each of the following rootstocks; R99, R110, 101-14, Ruggeri and Salt 
Creek, a total of 60 samples per time point, along with 3 samples per time point of 8-7 rootstock.  
Samples were weighed into aliquots of 200mg each and stored in -80oC in order to conduct 
quantitative real-time PCR analysis on all samples simultaneously. 
 
Table 3: Date and number of replicates of each treatment collected for qRT-PCR analysis. 
 

D
at

e 
co

lle
ct

ed

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

To
p

B
ot

to
m

2014/11/03 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2014/12/17 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2015/01/26 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2015/03/10 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2015/04/28 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2015/11/04 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2015/12/22 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2016/01/27 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2016/03/15 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 1 1

2016/04/06 3 3 3 3 3 1 2 2 3 3 3 3 3 3 3 2 3 3 3 3 1 1

R
ug

ge
ri

Sa
lt

 C
re

ek

O
ha

ne
z

G
LR

aV
-3

 (
V

it
it

ec
)

8-
7

 1
01

-1
4

R
 9

9

R
 1

01

 1
01

-1
4

R
ug

ge
ri

Sa
lt

 C
re

ek

B
la

ck
 S

pa
ni

sh
 2

R
 9

9

R
 1

01

 
 
The real-time qPCR system of Bester et al., (2014) was used. To obtain an appropriate 
calibration standard amplicon of 144bp from the ORF1a primers from Bester et al., (2014) 
modified to include include EcoRi and BamHI restriction sites were used to amplify GLRaV-3 
using a conventional end-point PCR system with a Phusion® polymerase (NEB). The identity of 
the amplicon was confirmed by sequencing. Cleaned up amplicon was ligated into the 
CloneJET® cloning vector (ThermoFisher) and E. coli cells transformed. Clones were selected 
and screened for the insert using vector targeted primers. The GeneJET Plasmid Miniprep Kit 
(Thermo Scientific; Waltham, MA, USA) was used to extract the recombinant pJET1.2/blunt 
Cloning Vector from the DH5α E.coli cells. 
 
For a housekeeping gene and normalisation of data the primers to the α-tubulin of Reid et al., 
2006 were selected (α-tubulinF (CAGCCAGATCTTCACGAGCTT); α-tubulinR 
(GTTCTCGCGCATTGACCATA). 
 
To produce standard curves healthy and cloned GLRaV-3 material were used as templates. 
Healthy V. vinifera RNA (accessions: 16/0008, 16/0009 and 16/0010) was used to produce 
cDNA by a M-MLV Reverse Transcriptase mediated reaction, followed by determining the 
concentration through Qubit. Separate 10-fold serial dilutions were performed on the healthy 
cDNA and gel-purified 144 base pair ORF1a amplicon with nuclease-free molecular grade water 
(Life Technologies; Waltham, MA, USA) producing cDNA to H2O ratios of 1:1; 1:10; 1:100; 
1:1000 and 1:10 000 and amplicon to H2O ratios of 1:1 000 000; 1:10 000 000; 1:100 000 000; 
1:1000 000 000; and 1:10 000 000 000. The diluted cDNA/amplicon was subjected to Real-
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Time qPCR conditions as described below utilizing the α-tubulin reference gene primer pair and 
the LR3 virus specific primer pair. 
 
The RT-qPCR was tested and optimized using 32 samples of vines from the UP greenhosues 
(dummy samples) using the QuantStudio K12 Flex thermal cycler (Thermo Fisher; Waltham, 
MA, USA) and the SensiMixTM SYBR Low-ROX Kit (Bioline; Taunton, MA, USA). As per the 
manufacturer’s instructions, two master mixes for the Real-Time qPCR were prepared to a final 
volume of 11µl: 2x SensiMix SYBR Low-ROX (Bioline; Taunton, MA, USA), molecular grade 
water (Life Technologies; Waltham, MA, USA), 4µl of template and 25µM of each primer 
(LR3_6995F and LR3_7138R for one master mix; Vv_α-tubulin_F and Vv_α-tubulin_R for the 
second master mix). An amplified ORF1a amplicon was used as a positive control to test the 
efficacy of the PCR and associated primer pairs. V. vinifera RNA not infected with GLRaV-3 
was used as a healthy control as well as a negative template control containing no template. 
The reaction was subjected to an initial denaturation step at 95oC for 10 minutes followed by a 
PCR of 45 cycles of initial denaturation at 95oC for 15 seconds, annealing at 55oC for 15 
seconds and extension at 72oC for 15 seconds followed by a Melt Curve Stage at 95oC for 15 
seconds, 60oC for 1 minute and 95oC for 15 seconds followed by a Hold Stage of 40oC for 2 
minutes. 
  
High throughput RNA extraction methods using robotics was tested at laboratories of FABI and 
the ARC-Biotechnology Platform. This involved freeze-drying plant weighed plant material, and 
maceration in a Genogrinder apparatus, followed by automated RNA extraction using a 
Hamilton Microlab Star robotics system. This protocol, conducted towards the end of 2016, 
proved disappointing with low RNA yields obtained and therefore the trial samples will therefore 
be subjected to standard RNA extraction (White et al., 2009) en mass and parallel q RT-PCR 
conducted in 384 well plates of the Quantistudio. This makes up part of a MSc. study of Ms. 
Facey and is scheduled for the second half of 2017. 
 
6. RESULTS AND DISCUSSION 
 
Scion and rootstock cane material was collected in 2014, 2015 and 2016 from 93 vines that 
showed clear leafroll infected scions, had large, lignified rootstock suckers (Figure 1), and had 
rootstock which could be identified with certainty from farm records (Table 4- Appendix). Of 
these, 76 were of R99 (V. berlandieri X V. rupestris), 1 of R110 (V. berlandieri X V. rupestris), 
6 of 101-14 (V. riparia and V. rupestris), 2 of Paulsen (V. berlandieri X V. rupestris), and 8 of 
Ramsey (V. campinii) rootstocks. As rootstocks sprouts are routinely removed in normal 
commercial viticulture it was rare to find samples with relatively mature large canes. The 
preponderance of R99 amongst the samples was probably due to the fact that this rootstock is 
particularly vigorous and hence not as easily managed in vineyards. The relatively low sample 
numbers of other rootstocks preclude making any meaningful conclusions regarding virus status 
and detectability amongst them.  An exception to this is Ramsey where GLRaV-3 was easily 
detected in the scion and rootstock of all 8 samples collected. Ramsey is a different species of 
Vitis to the other rootstocks (which are hybrids) and appears to be as susceptible to GLRaV-3 
as the Vitis vinifera scions. 
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Figure 1: Examples of leafroll infected vines showing the symptoms on the scion, and lacking 
symptoms on the rootstock. The picture below is of an abandoned vineyard where the 
rootstocks have been allowed to proliferate. 
 
 
In view of the preponderance of R99 rootstocks amongst the samples most of the results and 
discussion will deal with this rootstock. 
 
Amongst the vines with R99 rootstocks, twenty-three scion varieties were found. The poor 
detectability of GLRaV-3 on R99 in all these combinations was confirmed with 46 of 75 samples 
(61.3%) yielding no amplicons in the R99 rootstock while having easily detected GLRaV-3 in the 
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scion. Twenty-six (34.6%) of the remaining samples yielded GLRaV-3 specific amplicons from 
R99, but in all instances these amplicons bands were at a lower concentration (more feint on 
agarose electrophoresis gels). Next generation sequencing analysis of Helicase gene 
amplicons and reference mapping to known GLRaV-3 variants (Table 5) suggest that, in 
general, if a GLRaV-3 variant is found in the rootstock, it is generally also found in the scion, 
while in some instances additional GLRaV-3 variants are found in the scion only. The only 
sample containing a GLRaV-3 variant occurring in the rootstock but not the scion (15-5016) is 
possibly because the sequencing run on the scion had yielded insufficient reads for accurate 
analysis. The relatively large number of samples with Ramsey rootstocks selected for Illumina 
sequencing was that these rootstocks initially were erroneously identified as R99 and yielded 
results unlike the other R99 samples.  
 
Table 5: Composition of variants of GLRaV-3 found in rootstock and scion combinations using 
Illumina  sequencing. 
 
Vine number Reference GLRaV-3 variant NY-1 GH30 GH24 621 PL-20 623 GP18 Cl-766 139

14/9001 Paulsen* 99.01% 0.02% 0.00% 0.01% 0.00% 0.18% 0.75% 0.00% 0.00%

14/9002 La Rochelle* 98.79% 0.02% 0.01% 0.10% 0.00% 0.21% 0.88% 0.00% 0.00%

14/9019 R99* 90.38% 8.37% 0.16% 0.06% 0.03% 0.21% 0.80% 0.00% 0.00%

14/9020 C. franc* 41.30% 39.55% 18.71% 0.00% 0.02% 0.08% 0.37% 0.00% 0.00%

14/9021 R99* 60.24% 31.29% 6.29% 1.29% 0.00% 0.11% 0.53% 0.24% 0.00%

14/9022 C. franc* 34.40% 36.91% 18.60% 9.50% 0.00% 0.07% 0.28% 0.26% 0.00%

14/9031 R99* 71.50% 6.46% 12.37% 8.59% 0.02% 0.17% 0.65% 0.25% 0.00%

14/9032 Unidentified red cv.* 39.77% 31.02% 26.35% 0.04% 2.10% 0.07% 0.42% 0.00% 0.00%

14/9073 Unknown rootstock* 96.15% 2.73% 0.01% 0.01% 0.00% 0.24% 0.88% 0.00% 0.00%

14/9074 Shiraz* 96.16% 0.05% 0.00% 2.18% 0.00% 0.18% 0.85% 0.09% 0.00%

15/5007 Ramsey 4.47% 95.48% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5008 Ruby cabernet 1.21% 68% 0.00% 30.40% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5009 Ramsey 5.56% 94.41% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5010 Ruby cabernet 36.61% 63.17% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5015 R99 1.30% 20.00% 0.00% 79.00% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5016 Merlot ** 0.12% 1.46% 0.00% 98.30% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5043 Ramsey 29.20% 44.41% 0.00% 25.93% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5044 Shiraz 33.90% 35% 0.00% 31.30% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5067 R99 1.23% 0.00% 0.00% 98.50% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5068 Shiraz 43.20% 0.00% 0.00% 56.50% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5077 Ramsey 40% 33.20% 0.00% 26.50% 0.00% 0.00% 0.00% 0.00% 0.00%

15/5078 Shiraz 32.50% 35.30% 0.00% 31.60% 0.00% 0.00% 0.00% 0.00% 0.00%

* Average of two next generation sequencing runs

**Low yield of  sequence reads received

GLRaV-3 reads above +/- threshold    
 
The rootstock and scion of 63 vines were also tested for GLRaV-1, GLRaV-2, GLRaV-4 and 
GLRaV-7. Neither GLRaV-4 nor GLRaV-7 was detected in any of the vines. The scion or 
rootstock of four grafted vines were infected with GLRaV-1, with GLRaV-1 detected only in the 
rootstock (both R99) and not the corresponding scion of two grafted vines, while in the other two 
GLRaV-1 was detected in the scion (Merlot and Shiraz) and not the corresponding rootstock 
(R99 and Ramsey respectively). Ten grafted vines, all from one wine estate were infected with 
GLRaV-2. In six instances GLRaV-2 was only detected in the scion and not the rootstock (R99 
in all samples), in two vines both the rootstock (R99 in both cases) and scion (Merlot and 
Shiraz) of a vine were infected, while in the remaining two GLRaV-2 vines was only detected in 
the rootstock (R99). GLRaV-2 is a relatively variable virus and the possibility that only some 
strains are capable of infecting R99 may exist. 
 
Of the 75 samples with a R99 rootstock, Viti-Foveaviruses infected both R99 and the scion of 
42 (56%). In these instances, the end point amount of amplicon obtained from both scion and 
rootstock were similar. Twenty-four vines (32%) had Viti/Foveavirus infected scions but did not 
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infect the R99 rootstock. A further 4 samples contained Viti/Foveaviruses infected R99 but not 
the scion. The scion and rootstock of only five R99 containing vines were not infected by any 
Viti-Foveavirus. In order to identify the dominant component of the Vitivirus/Foveavirus 
population the amplicons of 26 rootstock samples were subjected to direct sequencing. 
 
Twenty-six rootstock samples testing positive within the Viti-Foveavirus system were subjected 
to further amplification and amplicons subjected to Sanger sequencing using both forward and 
reverse primers to determine the dominant Viti-Foveavirus component within the viral population 
(Table 6). Sequences of GVA, GVB, GVE and GRSPaV were obtained from R99 rootstocks, 
GVB and GRSPaV from 101-14 and GVA and GVB from Ramsey. Using Illumina sequencing to 
identify specific Viti-Foveaviruses present in rootstocks, amplicons of the Universal Viti-
Foveavirus PCR was used as template, and the derived sequence reads reference mapped to 
various known Vitiviruses or Foveaviruses of grapevines (Table 7)  
 
Table 6: Dominant Viti-Foveavirus component of viral population found in rootstock samples 
following bidirectional Sanger sequencing of Universal Viti-/Foveavirus PCR amplicons. 
Acession Rootstock Seq Score % ambig BLAST % ID Allignment

15/5003 R99 11.5 22 GRSPaV GR1 87 NA

15/5011 R99 15 10 GRSPaV GR1 92 NA

15/5013 R99 44 3 GRSPaV GR1 89 NA

15/5085 R99 43 3 GRSPaV GR1 93 Excellent

15/5019 R99 30 3 GRSPaV MG 88 NA

15/5063 R99 16 5 GRSPaV SG1 90 Good

15/5053 R99 20 8 GVA clone LVCH92-07.2 76 Good

15/5083 R99 43 3 GVA isolate GTG11-1 89 Excellent

15/5073 R99 44 3 GVA isolate P163-1 86 Excellent

15/5071 R99 33 4 GVA isolate P163-M5 84 Excellent

15/5031 R99 18 4 GVB clone 99B.SdP2.10 72 Okay

15/5035 R99 15 5 GVB clone 99B.SdP2.10 73 Good

15/5037 R99 17 5 GVB clone 99B.SdP2.10 74 Good

15/5039 R99 42 1 GVB clone 99B.SdP2.10 82 Okay

15/5051 R99 16 3 GVB clone 99B.SdP2.10 73 Okay

15/5045 R99 12 4 GVB clone SH470.N.5A.34 93 Gap

15/5065 R99 16 2 GVB genomic RNA 90 Interrupted

15/5067 R99 17 3 GVB genomic RNA 87 Good

15/5069 R99 31 4 GVB isolate Sd7 86 Good

15/5001 R99 21.5 8 GVE SA94 94 NA

15/5009 R99 15 19 GVE WAHH2 90 NA

15/5023 101-14 13 3 GRSPaV GR1 93 NA

15/5025 101-14 12 8 GVB clone 99B.Sd8.32.7.12 80 NA

15/5029 101-14 23 3 GVB clone 99B.Sd8.32.7 72 Good

15/5043 Ramsey 13 5 GVB clone 99B.SdP2.10 91 Good

15/5079 Ramsey 44 4 GVA isolate I327-5 98 Excellent
 

Samples in grey subjected to further Illumina sequencing analysis. 
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COMPLETE THE FOLLOWING TABLE 
 

Milestone 
Target 
Date 

 

Extension 
Date 

Date 
completed 

Achievement 

1. Determine in planta 
distribution of GLRaV-3 
and seasonal variation in 
titre in five grapevine 
rootstock clones. 

November, 
2016 

   1.1 Re-establish quantitative real-time 
PCR to GLRaV-3 
 

 September, 
2016 

  1.2 Collect samples every second month of 
replicates of two GLRaV-3 sources in 
various tissue of five rootstocks for two 
consecutive years and test for GLRaV-3 
titres 

 September, 
2015 to 
September, 
2016 

 September, 
2016 to 
April, 2017 

 1.3 Using limited collection timelines, 
confirm titre trends (obtained from one 
season gauze house data) on selected 
GLRaV-3 infected plants in vineyards in 
the Western Cape 

 April, 2017  April, 2017 1.4 Analyse titre data, draw conclusions, 
publish 

2. Determine if specific 
selection of GLRaV-3 
variants takes place in 
rootstocks. 

   2.1 Collect samples annually in April/May 
(2014; 2015; 2016). Do GLRaV-3 tests and 
analyse data by September annually. 

3. Determine 
susceptibility of five 
rootstocks to grapevine 
leafroll associated viruses, 
Viti- and Foveaviruses. 

April, 2015  April, 2015 3.1 Collect greenhouse samples in 
April/May, 2014). Do grapevine virus 
tests and analyse data by April, 2015. 

 April, 2016  April, 2016 3.2 Collect field samples annually in 
April/May (2014; 2015; 2016)). Do 
grapevine virus tests and analyse data by 
September annually. 

 April, 2017  April, 2017 3.3 Analyse all data, make conclusions and 
recommendations, and publish 

 
7. CONCLUSIONS  
 
As very few samples with rootstocks other than R99 were collected we confine our conclusions 
to that regarding R99. We confirm the poor detection of GLRaV-3 in this rootstock. We discount 
the possibility that unreported, heterogeneous, and hence poorly detected strains of GLRaV-3 
may account for the poor detection of this virus in this rootstock. The possibility that the limited 
numbers of GLRaV-3 sources detected in R99 are resistance-breaking sources requires future 
investigation. Some infections of GLRaV-1 and GLRaV-2 in R99, were observed. No infections 
of GLRaV-4 and -7 were obtained in any scion or rootstock tested. Members of the Viti-
Foveavirus genera were readily detected in 46 of 75 R99 tested, but were present in a further 
24 scions and not the corresponding R99 rootstocks. The robust detection of Viti-Foveaviruses 
by PCR in both rootstocks and scions of some vines allowed us to discount the possibility that 
R99 contained inhibitors that may affect PCR. We were able to show that grapevine virus A 
(GVA), grapevine virus B (GVB), grapevine virus E (GVE) and grapevine rupestris stem pitting 
associated virus (GRSPaV) were all capable of infecting R99. Investigation into the erratic 
distribution of GLRaV-3 and seasonal variation in distribution and titer are nearly completed. 
 
8. ACCUMULATED OUTPUTS  
 

Identified PCR system to utilise for GLRaV-3 variant detection. 
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Identify plant material from trail to use. 

Have confirmed the poor detection of GLRaV-3 by PCR in R99, R110 and 101-14 

rootstocks, as opposed to the corresponding scion.  

Have demonstrated (by sampling strategy) this is not due to age and development 

differences in sampling of scion cane and rootstock sucker material.  

Have demonstrated the poor detection is not due to the presence of PCR inhibitory 

substances in the rootstock.  

Have shown that although the rootstock and corresponding scion of a vine generally 

contain the same variants of GLRaV-3 this is not always the case (ie the rootstock is not 

selecting specific GLRaV-3 variants).  

Have demonstrated that at least GVB, GVE, and GRSPaV can infected R99, GVE, 

GRSPaV can infect 101-14 and Ramsay can be infected with GVA or GVB.  

 
a) TECHNOLOGY DEVELOPED, PRODUCTS AND PATENTS 

 
Novel NGS based method of detecting and identifying GLRaV-3 variants as componets 

of a population.  

Novel NGS based method of detecting and identifying Viti- and Fovea viruses 

. 
 
 

b) SUGGESTIONS FOR TECHNOLOGY TRANSFER 
 
Popular article in Winelands 
Discussions at VIA meetings on Certification scheme amendments 
Producers information days 
 
 

c) HUMAN RESOURCES DEVELOPMENT/TRAINING 
 
 

Student Name and 
Surname 

Student Nationality 
Degree (e.g. 
MSc Agric, 
MComm) 

Level of 
studies in 

final year of 
project 

Graduation 
date 

Total cost to 
industry 

throughout 
the project 

Honours students   

Alessandro Gricia South African BSc.(Hons.) BSc.(Hons.) 2017 10000 

Kirsten Kenchenten South African BSc.(Hons.) BSc.(Hons.) 2014 10000 

      

Masters Students   

Megan Harris 

South African MSc. Should 
complete 

MSc.in 2017 

? 143300 

      

      



Researcher surname 14 
 

This document is confidential and any unauthorised disclosure is prohibited 
  
Version 2015 

 

PhD students   

      

      

      

Postdocs   

      

      

      

Support Personnel 

      

      

      

 
 

d) PUBLICATIONS (POPULAR, PRESS RELEASES, SEMI-SCIENTIFIC, SCIENTIFIC)  
 
None thus far. Two planned. 
 
 
e) PRESENTATIONS/PAPERS DELIVERED  
 
 HARRIS, M., and PIETERSEN, G., 2015. Detection of grapevine leafroll associated virus-3, Viti- and 
Foveaviruses in Vitis rootstocks. Virology Africa 2015, Cape Town, 30 November – 3 December 
2015. 
 
HARRIS, M., AND PIETERSEN, G., 2017. Detection of grapevine leafroll associated virus 3, Viti- and 
Foveaviruses in Vitis rootstocks. 50th Anniversary Congress of the Southern African Society for 
Plant Pathology, Champagne Sports Resort, Drakensburg, 15th-18th January 
 
9. BUDGET  
 

a) TOTAL COST SUMMARY OF THE PROJECT 

 

YEAR 
 

CFPA DFTS Deciduous SATI Winetech THRIP OTHER TOTAL 

2014 
 

    266000 112800  378800 

2015 
 

    233500   233500 

2016 
 

    338000   338000 

 
 

        

 
 

        

Totals 
 

    837500 112800  950300 
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b) FINAL BUDGET/FINANCIALS OF PROJECT 
 

Project duration 
Proposed 

budget 

Actual cost 

incurred 
Variance Notes 

TOTAL INCOME 950300 950300 0  

Industry Funding 837500 837500 0  

PHI Funding     

Other Funding 112800 112800 0  

TOTAL EXPENDITURE     

Running Expenses     

General operating costs 

(printing, communication, etc.)  

    

Local Travel 60000 60000 0  

Publication costs     

Lab Analysis     

Lab Consumables 372300 372300 0  

Other     

 Running expenses SUB-

TOTAL 

432300 432300 0  

HR Administration and Project 

Management 
    

HR Technical     

HR Research 354700 354700 0  

Student Bursaries 163300 163300 0  

HR SUB-TOTAL 518000 518000 0  

OTHER EXPENSES     

Overheads      

     

SURPLUS / DEFICIT 0 0 0  
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Table 4: Samples collected and results of virus-specific tests conducted on them. 
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1 De Doorns VINEYARD 1 14/9001 Paulson + nt nt nt nt - 

14/9002 La Rochelle  ++ nt nt nt nt - 

2 De Doorns VINEYARD 2  14/9003 Paulson ++ nt nt nt nt + 

14/9004 La Rochelle  ++ nt nt nt nt + 

3 Stellenbosch VINEYARD 1 14/9005 R99 - nt nt nt nt + 

14/9006 Assyrtiko ++ nt nt nt nt + 

4 Stellenbosch VINEYARD 2  14/9007 R99 + nt nt nt nt + 

14/9008 Cataratto 
commune 

++ nt nt nt nt + 

5 Stellenbosch VINEYARD 3 14/9009 R99 - nt nt nt nt - 

14/9010 Cataratto 
commune 

++ nt nt nt nt + 

6 Stellenbosch VINEYARD 4  14/9011 R99 - nt nt nt nt - 

14/9012 Chardonnay ++ nt nt nt nt - 

7 Stellenbosch VINEYARD 5 14/9013 R99 + nt nt nt nt + 

14/9014 Chardonnay ++ nt nt nt nt + 

8 Stellenbosch VINEYARD 6  14/9015 R99 - nt nt nt nt - 

14/9016 Cobernador 
Benegas 

++ nt nt nt nt + 

9 Stellenbosch VINEYARD 7 14/9017 R99 + nt nt nt nt - 

14/9018 Cobernador 
Benegas 

++ nt nt nt nt + 

10 Stellenbosch VINEYARD 8  14/9019 R99 - nt nt nt nt - 

14/9020 Cabernet 
franc 

++ nt nt nt nt + 

11 Stellenbosch VINEYARD 9 14/9021 R99 + nt nt nt nt + 

14/9022 Cabernet 
franc 

++ nt nt nt nt + 

12 Somerset 
Wes 

VINEYARD 1 14/9027 R110 - nt nt nt nt + 

14/9028 Merlot - nt nt nt nt - 

13 Stellenbosch VINEYARD 10 14/9029 R99 + nt nt nt nt + 

14/9030 Unknown 
Seedling ex 
Oodthoorn 

- nt nt nt nt + 

14 Stellenbosch VINEYARD 11 14/9031 R99 + nt nt nt nt - 

14/9032 Unknown 
Seedling ex 
Oodthoorn 

+ nt nt nt nt + 

15 Stellenbosch VINEYARD 12 14/9033 R99 - nt nt nt nt - 

14/9034 Lambrusco ++ nt nt nt nt + 

16 Stellenbosch VINEYARD 13 14/9035 R99 - nt nt nt nt + 

14/9036 Lambrusco ++ nt nt nt nt + 

17 Stellenbosch VINEYARD 14  14/9037 R99 + nt nt nt nt + 

14/9038 Lakemont 
seedless 

++ nt nt nt nt + 
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18 Stellenbosch VINEYARD 15 14/9039 R99 - nt nt nt nt + 

14/9040 Lakemont 
seedless 

++ nt nt nt nt + 

19 Stellenbosch VINEYARD 16 14/9041 R99 - nt nt nt nt + 

14/9042 Planta Nova ++ nt nt nt nt + 

20 Stellenbosch VINEYARD 17 14/9043 R99 - nt nt nt nt + 

14/9044 Planta Nova + nt nt nt nt - 

21 Stellenbosch VINEYARD 18 14/9045 R99 - nt nt nt nt - 

14/9046 Gamay 
Hatif des 
Vosges 

++ nt nt nt nt - 

22 Stellenbosch VINEYARD 19 14/9047 R99 - nt nt nt nt + 

14/9048 Gamay 
Hatif des 
Vosges 

++ nt nt nt nt + 

23 Stellenbosch VINEYARD 20  14/9049 R99 - nt nt nt nt + 

14/9050 CG 40318 ++ nt nt nt nt + 

24 Stellenbosch VINEYARD 21 14/9051 R99 - nt nt nt nt + 

14/9052 CG 40318 ++ nt nt nt nt + 

25 Stellenbosch VINEYARD 22 14/9053 R99 - nt nt nt nt + 

14/9054 Zeni ++ nt nt nt nt + 

26 Stellenbosch VINEYARD 23 14/9055 R99 - nt nt nt nt + 

14/9056 Zeni ++ nt nt nt nt + 

27 Stellenbosch VINEYARD 24 14/9057 R99 - nt nt nt nt + 

14/9058 Chelva 
blanc 

++ nt nt nt nt + 

28 Stellenbosch VINEYARD 25  14/9059 R99 ++ nt nt nt nt + 

14/9060 Chelva 
blanc 

- nt nt nt nt + 

29 Stellenbosch VINEYARD 26 14/9061 R99 - nt nt nt nt - 

14/9062 Red grape + nt nt nt nt - 

30 Stellenbosch VINEYARD 27 14/9063 R99 - nt nt nt nt + 

14/9064 Red grape ++ nt nt nt nt - 

31 Wellington 1 VINEYARD 1 15/5001 Ramsey +++ - - - - +++ 

15/5002 Ruby 
Cabernet 

++ - - - - ++ 

32 Wellington 1 VINEYARD 2 15/5003 Ramsey ++ - - - - + 

15/5004 Ruby 
Cabernet 

+++ - - - - +++ 

33 Wellington1 VINEYARD 3 15/5005 Ramsey +++ - - - - + 

15/5006 Ruby 
Cabernet 

+++ - - - - - 

34 Wellington1 VINEYARD 4 15/5007 Ramsey +++ - - - - + 

15/5008 Ruby 
Cabernet 

+++ - - - - - 

35 Wellington1 VINEYARD 5 15/5009 Ramsey +++ - - - - +++ 

15/5010 Ruby 
Cabernet 

+++ - - - - +++ 

36 Wellington1 VINEYARD 6 15/5011 R99 - - - - - +++ 

15/5012 Merlot ++ - - - - + 

37 Wellington1 VINEYARD 7 15/5013 R99 - - - - - +++ 

15/5014 Merlot - - - - - - 
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38 Wellington1 VINEYARD 8 15/5015 R99 ++ - - - - - 

15/5016 Merlot +++ - - - - +++ 

39 Wellington1 VINEYARD 9 15/5017 R99 ++ + - - - - 

15/5018 Merlot +++ - - - - ++ 

40 Wellington1 VINEYARD 10 15/5019 R99 - - - - - ++ 

15/5020 Merlot +++ - - - - +++ 

41 Wellington1 VINEYARD 11 15/5021 101-14 - - - - - - 

15/5022 Merlot +++ - - - - + 

42 Wellington1 VINEYARD 12 15/5023 101-14 ++ - - - - + 

15/5024 Merlot - - - - - - 

43 Wellington1 VINEYARD 13 15/5025 101-14 - - - - - +++ 

15/5026 Merlot +++ - - - - +++ 

44 Wellington1 VINEYARD 14 15/5027 101-14 - - - - - - 

15/5028 Merlot +++ - - - - +++ 

45 Wellington1 VINEYARD 15 15/5029 101-14 - - - - - ++ 

15/5030 Merlot +++ - - - - +++ 

46 Wellington1 VINEYARD 16 15/5031 R99 - - - - - ++ 

15/5032 Chardonnay +++ - - - - +++ 

47 Wellington1 VINEYARD 17 15/5033 R99 - - - - - - 

15/5034 Chardonnay +++ - - - - +++ 

48 Wellington1 VINEYARD 18 15/5035 R99 - - - - - ++ 

15/5036 Chardonnay +++ - - - - ++ 

49 Wellington1 VINEYARD 19 15/5037 R99 - - - - - +++ 

15/5038 Chardonnay +++ - - - - + 

50 Wellington1 VINEYARD 20 15/5039 R99 - - - - - ++ 

15/5040 Chardonnay +++ - - - - ++ 

51 Wellington1 VINEYARD 21 15/5041 101-14 - - - - - - 

15/5042 Cab. Sauv - - - - - - 

52 Wellington2 VINEYARD 1 15/5043 Ramsey  +++ - - - - +++ 

15/5044 Shiraz +++ - - - - ++ 

53 Wellington2 VINEYARD 2 15/5045 R99 - - ++ - - +++ 

15/5046 Merlot +++ - ++ - - ++ 

54 Wellington2 VINEYARD 3 15/5047 R99 - - - - - - 

15/5048 Merlot +++ + - - - + 

55 Wellington2 VINEYARD 4 15/5049 R99 - - - - - - 

15/5050 Merlot +++ - ++ - - + 

56 Wellington2 VINEYARD 5 15/5051 R99 - - - - - + 

15/5052 Merlot +++ - - - - ++ 

57 Wellington2 VINEYARD 6 15/5053 R99 +++ + ++ - - +++ 

15/5054 Merlot - - - - - - 

58 Wellington2 VINEYARD 7 15/5055 R99 - - ++ - - - 

15/5056 Merlot ++ - - - - +++ 

59 Wellington2 VINEYARD 8 15/5057 R99 - - - - - - 

15/5058 Merlot +++ - - - - + 

60 Wellington2 VINEYARD 9 15/5059 R99 - - - - - - 
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15/5060 Merlot +++ - +++ - - + 

61 Wellington2 VINEYARD 10 15/5061 R99 - - - - - - 

15/5062 Merlot +++ - - - - - 

62 Wellington2 VINEYARD 11 15/5063 R99 - - - - - + 

15/5064 Merlot +++ - ++ - - + 

63 Wellington2 VINEYARD 12 15/5065 R99 ++ - - - - + 

15/5066 Shiraz +++ - +++ - - + 

64 Wellington2 VINEYARD 13 15/5067 R99 +++ - + - - + 

15/5068 Shiraz +++ - +++ - - + 

65 Wellington2 VINEYARD 14 15/5069 R99 - - - - - + 

15/5070 Shiraz +++ - - - - + 

66 Wellington2 VINEYARD 15 15/5071 R99 ++ - - - - ++ 

15/5072 Shiraz nt     - - nt 

67 Wellington2 VINEYARD 16 15/5073 R99 - - - - - + 

15/5074 Shiraz +++ - ++ - - ++ 

68 Wellington2 VINEYARD 17 15/5075 R99 - - - - - - 

15/5076 Shiraz +++ - ++ - - ++ 

69 Wellington2 VINEYARD 18 15/5077 Ramsey +++ - - - - - 

15/5078 Shiraz +++ - - - - + 

70 Wellington2 VINEYARD 19 15/5079 Ramsey +++ - - - - ++ 

15/5080 Shiraz +++ + - - - ++ 

71 Wellington1 VINEYARD 22 15/5081 R99 - - - - - - 

15/5082 Ruby 
Cabernet 

+++ - - - - - 

72 Wellington1 VINEYARD 23 15/5083 R99 - - - - - + 

15/5084 Chardonnay +++ - - - - + 

73 Wellington1 VINEYARD 24 15/5085 R99 - - - - - + 

15/5086 Merlot +++ - - - - ++ 

74 Stellenbosch2 VINEYARD 1 16/0011 R99 - - - - - - 

16/0012 Ruby 
Cabernet 

+++ - - - - +++ 

75 Stellenbosch2 VINEYARD 2 16/0013 R99 +++ - - - - +++ 

16/0014 Ruby 
Cabernet 

+++ - - - - +++ 

76 Stellenbosch2 VINEYARD 3 16/0015 R99 ++ - - - - - 

16/0016 Ruby 
Cabernet 

+++ - - - - +++ 

77 Stellenbosch2 VINEYARD 4 16/0017 R99 + - - - - + 

16/0018 Malbec +++ - - - - +++ 

78 Stellenbosch2 VINEYARD 5 16/0019 R99 + - - - - ++ 

16/0020 Malbec +++ - - - - +++ 

79 Stellenbosch2 VINEYARD 6 16/0021 R99 - - - - - - 

16/0022 Malbec +++ - - - - +++ 

80 Stellenbosch2 VINEYARD 7 16/0023 R99 + - - - - - 

16/0024 Pinotage +++ - - - - + 

81 Stellenbosch2 VINEYARD 8 16/0025 R99 + - - - - - 

16/0026 Pinotage +++ - - - - +++ 
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82 Stellenbosch2 VINEYARD 9 16/0027 R99 - - - - - - 

16/0028 Pinotage +++ - - - - + 

83 Stellenbosch2 VINEYARD 10 15/0029 RY13A + - - - - +++ 

15/0030 Tinta 
Barrocca 
TB3TA 

+++ - - - - +++ 

84 Stellenbosch2 VINEYARD 11 15/0031 RY13A ++ - - - - ++ 

15/0032 Tinta 
Barrocca 
TB3TA 

+++ - - - - +++ 

85 Stellenbosch2 VINEYARD 12 15/0033 R99 - - - - - - 

15/0034 Pontac +++ - - - - +++ 

86 Stellenbosch2 VINEYARD 13 15/0035 R99 - - - - - - 

15/0036 Pontac +++ - - - - +++ 

87 Stellenbosch2 VINEYARD 14 15/0037 R99 ++ - - - - - 

15/0038 Pontac +++ - - - - +++ 

88 Stellenbosch2 VINEYARD 15 15/0039 R99 ++ - - - - ++ 

15/0040 Cinsault +++ - - - - +++ 

89 Stellenbosch2 VINEYARD 16 15/0041 R99 + - - - - +++ 

15/0042 Cinsault +++ - - - - +++ 

90 Stellenbosch2 VINEYARD 17 16/0043 R99 ++ - - - - +++ 

16/0044 Cinsault +++ - - - - +++ 

91 Stellenbosch2 VINEYARD 18 16/0045 R99 +++ - - - - +++ 

16/0046 Cabernet 
Sauvignon  

+++ - - - - +++ 

92 Stellenbosch2 VINEYARD 19 16/0047 R99 +++ - - - - +++ 

16/0048 Cabernet 
Sauvignon  

+++ - - - - +++ 

93 Stellenbosch2 VINEYARD 20 16/0049 R99 +++ - - - - +++ 

16/0050 Cabernet 
Sauvignon  

+++ - - - - +++ 
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