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Abstract  
 
Distributed worldwide, Pinot Gris Grapevine Virus (GPGV) is considered a major pathogen of grapevine. Virus-free 
propagation material is the first step in the control of viral diseases, often requiring the application of methods to 
regenerate healthy plants. In vitro chemotherapy is the sanitation method used in this work, its validation being necessary 
to improve the efficiency of obtaining healthy biological material. To obtain GPGV-free grapevines, the treatment was 
applied to recover valuable clones from INCDBH Ștefănești, Fetească albă 97 Șt. and Cabernet Sauvignon 131 Șt. The 
apices and axillary buds were collected during the active growth period in two stages from plants grown in the protected 
space and in the field. A subculture of these explants on medium with ribavirin and oseltamivir, followed by three 
multiplication and one rooting on medium without antivirals, led to the regeneration of new plants with elimination rates 
of 50-100%, effective elimination being achievable with a precision of 21%, independent of genotype, explant type and 
sampling period. 
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INTRODUCTION  
 
Grapevine Pinot gris virus (GPGV), a member 
of the genus Trichovirus (family 
Betaflexiviridae), was first identified in Pinot 
gris in the Trentino vineyards of Italy by next-
generation sequencing (NGS) techniques 
(Giampetruzzi et al., 2012), although symptoms 
of the new disease called Grapevine Leaf 
Mottling and Deformation (GLMD) (Martelli, 
2014) have been reported since 2003. 
The reports on GPGV have revealed the 
widespread of this virus in many European and 
non-European wine-producing countries, such 
as Korea, China, United States and Canada.  
Molecular characterization and phylogeny of 
different isolates have indicated the existence of 
symptomatic and latent GPGV variants 
(Saldarelli et al., 2015; Bertazzon et al., 2017). 
In addition, a correlation between GPGV 
concentration and GLMD expression has also 
been proposed (Bertazzon et al, 2016). 
Furthermore, GPGV has been detected in 
several non-Vitis hosts (Silene latifolia, 
Chenopodium sp., Asclepias syriaca, Rosa sp., 
Rubus sp., Fraxinus sp.) (Gualandri et al., 2017; 
Demián et al., 2018). However, mechanical 

transmission to herbaceous plants has not been 
observed (Malagni et al., 2016). 
Being transmitted by grafting (Saldarelli et al., 
2015), GPGV is mainly spread through 
propagation material. Without regular testing of 
mother plants of fruiting varieties and the 
absence of symptoms on rootstocks, the virus 
spreads and cannot be safely controlled. As 
GPGV is widespread in Slovakia (Glasa et al., 
2014); Moravia (Eichmeier et al., 2016) and 
Hungary, it is believed that there is a possibility 
that GPGV could spread from Eastern Europe to 
Italy and from Europe to other areas of the world 
(Bertazzon et al., 2016). On the other hand, 
GPGV is assumed to originate from Asia, with 
China being the most probable source of the 
virus (Hily et al., 2020). 
GPGV has been detected in the body of the 
eriophyid mite Colomerus vitis (Pagenstecher) 
and it is transmitted to healthy grapevines by this 
infested mite (Malagnini et al., 2016). 
Preliminary data on the presence of GPGV in 
Romania were obtained by analyzing grapevine 
material collected after 2010 year from 
germplasm collections in several European 
countries (Bertazzon et al., 2016). During 2019-
2020 period, 199 grapevine samples were 
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analyzed by ELISA (Enzyme-linked 
immunosorbent assay) for the presence of 
GPGV, Grapevine fanleaf virus (GFLV), 
Grapevine leafroll-associated virus 1+3 
(GLRaV-1+3) and Grapevine fleck virus 
(GFkV). Of these, GPGV was detected in 107 
samples (53.76%), in single or mixed infections 
with GFkV or GLRaV-1+3 (Guță & 
Buciumeanu, 2021). 
Currently, in Europe, GPGV is considered a 
major pathogen of grapevines (Cieniewicz et al., 
2020). GPGV control can be achieved by using 
healthy propagation material, using virus 
elimination methods (Gualandri et al., 2015; 
Guță & Buciumeanu, 2022), vector control 
(Gualandri et al., 2015) and removing alterna-
tive hosts (https://www.awri.com.au/wp-
content/uploads/2015/09/GPGV-fact-
sheet.pdf). 
The paper aims to evaluate the influence of 
genotype, origin and type of explant on the 
application of in vitro chemotherapy for the 
elimination of Grapevine Pinot Gris virus in 
grapevine. 
 
MATERIALS AND METHODS 
 
The biological material was represented by 
grapevine plants (Vitis vinifera L.) belonging to 
the Fetească albă 97 Șt. and Cabernet Sauvignon 
131 Șt. genotypes, from two locations: plants 
grown in vegetation pots in a protected space 
(germplasm collection G0) and plants selected 
in experimental fields. 
The plants were virological tested ELISA (Clark 
& Adams, 1977) with commercial reagents 
Bioreba (Switzerland). They were ELISA - 
positive for GPGV and negative (control) for 
GPGV. All plants were free of GFLV, GLRaV-
1+3 and GFkV. 
The experiment consisted of using two types of 
explants (apices and nodal fragments) from a 
grapevine infected with GPGV and a control 
plant, one stored under controlled conditions in 
the G0 storage greenhouse and the other in the 
field. Six apexes and six nodal fragments were 
collected from each plant. The reason for 
starting from one plant was that all explants 
taken from it should have similar viral 
concentrations. Since plants stored in a 
protected space start the vegetation earlier as 
compared to those in the field, the initiation of 

the cultures was carried out in two stages: April 
and May (explants taken from the protected 
space), May and June (explants taken from the 
field). 
For the initiation of aseptic cultures, growth tips 
were collected and after an insistent wash under 
jet of water for 1 h, they were sterilized with 6% 
sodium hypochlorite for 7 minutes. These plant 
fragments constituted the source of biological 
material for the excision of intensely 
regenerative apices and nodal fragments. 
In vitro chemotherapy as a viral elimination 
method consisted of explants cultivating, apices 
and nodal fragments on grapevine specific 
culture medium (MS basic medium - Murashige 
and Skoog, 1962), containing 1 mg/L 
benzylaminopurine (BAP) + 0.5 mg/L 
indolylacetic acid (AIA) and 20 mg/L glucose, 
solidified with agar-agar (7g/L),  supplemented 
with the mixture of viricides, ribavirin 10-30 
mg/L and oseltamivir 30-60 mg/L, for one 
subculture (30-40 days), followed by the 
subcultivation on media (multiplication, 
rooting) without viricides, until the regeneration 
of new grapevine plants, 3 subcultures (SI, SII, 
SIII) (according to Patent no. 123133/2010 – 
Procedure for obtaining virus-free grapevine 
plants). 
Ribavirin (1-β-D-ribofuranosyl-1, 2,4 triazone-
3-carboxamide) pure substance (produced by 
Sigma-Aldrich, USA) (R) and oseltamivir 
([(3E,4R,5S)-4-acetamido-5-amino-3-(1-
ethylpropoxy)-1-cyclohexane-1-carboxylic 
acid)] (O) as capsules containing oseltamivir 
phosphate (Tamiflu, Hofmann-La Roche, 
Germany) have been used. 
Culture media were sterilized by autoclaving for 
20 minutes at 120°C and 1 atm. 
After inoculation, under aseptic conditions, in a 
laminar airflow hood, the tissue cultures were 
stored in the growth chamber where the 
conditions for triggering organogenesis 
processes were ensured (24°C, 16/8 photo-
period, day/night). 
The multiplication rate (X) was expressed as the 
number of resulting explants reported to the 
number of initiated explants. 
The evolution of the inocula during the three 
post-treatment subcultures was expressed by 
quantifying the multiplication rates [number of 
multiplication formations (adventitious bud 
glomeruli and shoot primordia)], which were 
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statistically interpreted by regression analysis 
for the 95% confidence interval. 
The phytotoxic effect of viricides was assessed 
by cultivation of explants on medium without 
antivirals, after the culture on medium 
containing ribavirin and oseltamivir. 
The efficiency of the GPGV elimination method 
by in vitro chemotherapy was expressed as no. 
ELISA negative plants/no. tested plants x100. 
The calculation of precision expressed as the 
coefficient of variation (standard 
deviation/mean of measurements) as a 
validation parameter reflects the repeatability of 
the results when applying the method. 
 
RESULTS AND DISCUSSIONS  
 
After 30 days on aseptic medium containing the 
mixture of viricides ribavirin and oseltamivir, 
the cultures belonging to the two genotypes 
studied behaved relatively similarly, 
considering the accumulation of disruptive 
factors: the phytotoxic effect of the 
chemotherapeutics, the genetic regenerative 
potential of the genotypes studied and last but 
not least the presence of viral infection. 
In the case of Fetească albă 97 Șt.: 
- Of the six apices grown on the medium with 
antivirals, only two developed organo-
regenerative processes that led to the 
continuation of the culture, so that, after the first 
subculture, the multiplication rate was 1:1 (three 
explants resulted from each of the two viable 
explants);  
- Under the influence of the chemotherapeutics, 
the nodal fragments behaved similarly: two 
explants out of the five initiated retained their 
viability and generated three explants each, that 
were subcultured on regular medium, the 
multiplication rate being 1:1.2; 
- The phytotoxic effect of antivirals was 
assessed by the cultivating the explants on 
medium without antivirals, without omitting the 
presence of viral infection that can influence the 
regenerative potential of the genotype. The 
apices showed a viability rate of 1:0.5. The 
multiplication rate of the apex culture on basic 
medium was 1:1.66; 
- The nodal fragments were treated similarly: the 
viability rate was 1:0.6; the multiplication rate 
was 1:2.2; 4 explants each from two initiated on 

control medium were subcultured on medium 
with chemotherapeutics. 
In the case of Cabernet Sauvignon 131 Șt.: 
- The treatment with ribavirin and oseltamivir 
for of GPGV elimination in the Cabernet 
Sauvignon 131 Șt. had a similar effect to the 
previous genotype (Table 1). 
Table 1.  In vitro chemotherapy for GPGV elimination to 

Cabernet Sauvignon 131 Șt.  genotype. Values are 
averages of three replicates ± SD 

Treatment Explant 
type 

Initiation 
No. of 

explants  
initiated 

Subculture 1 
Multiplication 

rate  (X)* 

R+O Apex 5.0 ± 0.573 2.0± 0.897 
nodal 
fragment  

5.0 ± 0.798 2.0 ± 0.768 

Control Apex 4.0 ± 0.836 2.5 ± 0.258 
nodal 
fragment  

4.0 ± 0.798 3.0 ± 0.675 

*multiplication rate = number of resulting explants reported to the 
number of initiated explants 
 
For the construction of the regression curves of 
multiplication rate, the polynomial equation of 
degree 2 was chosen at which the coefficient of 
determination r2 has the value 1 in all the 
analyzed cases, which shows a linear functional 
dependence between the analyzed variables, in 
our case, each explant in a subculture 
corresponds to a multiplication rate (Figures 1, 
2, 3, 4). 
 

 
Figure 1. Multiplication rate of apices belonging to 
Fetească albă 97 Șt. genotype during 3 consecutive 

subcultures (SI, SII, SIII) 

 
Figure 2. Multiplication rate of nodal fragments 

belonging to Fetească albă genotype 97 Șt. during 3 
consecutive subcultures (SI, SII, SIII) 
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Figure 3. Multiplication rate of apices belonging to 

Cabernet Sauvignon 131 Șt. genotype during 
3 consecutive subcultures (SI, SII, SIII) 

 

 
Figure 4. Multiplication rate of nodal fragments 

belonging to Cabernet Sauvignon 131 Șt. genotype 
during 3 consecutive subcultures (SI, SII, SIII) 

 
Visually, the phytotoxic effect was manifested 
by chlorosis of explants cultivated on media with 
viricides after 30 days of treatment (Figure 5). 
Released from the effect of viricides, explants 
subcultured on regular multiplication medium 

during three consecutive subcultures 
proliferated adventitious buds that differentiated 
into shoot primordia that rose, having normal 
appearance. These were excised and transferred 
to rooting medium. 
 

 
Figure 5. Chlorosis of explants (apices and nodal 
fragments) of Cabernet Sauvignon 131Şt. (right) 
compared to the untreated control (left) after 30 days  
of culture on medium with ribavirin and oseltamivir 
 
The regeneration rates reflect the regenerative 
potential of the genotype in the presence of viral 
infection and the effect of chemotherapeutics on 
the evolution of regenerative processes during 
consecutive subcultures, without omitting the 
fact that each explant initiated in culture is a on 
one hand, and on the other hand for obtaining 
virus-free plants distinct individual with specific 
behaviour (Table 2).  

 
Table 2. Regeneration by in vitro chemotherapy of  Fetească albă 97Șt.  

and Cabernet Sauvignon 131Șt. genotypes infected with GPGV 

Genotype Treat- 
ment 

Explant 
type* 

Period and place of explant sampling 

Average 

Average 
regeneration 

rate** 
April, 
protected 
space 

May, 
protected 
space 

May, 
field 

June, 
field 

Fetească 
albă 97Șt. Control 

apex 3 2 2 3 2.50 0.41 
nodal 
fragment 

6 4 0 1 2.75 0.45 

R+O 
apex 5 4 4 3 4.00 0.66 
nodal 
fragment  

3 5 0 1 2.25 0.38 

Cabernet 
Sauvignon 
131Șt. 

Control 
apex 10 11 8 9 9.50 1.58 
nodal 
fragment  

8 6 5 4 5.75 0.95 

R+O 
apex 6 5 4 3 4.50 0.75 
nodal 
fragment  

5 3 4 2 3.50 0.58 

*cultures were initiated with 6 inocula/type of explant 
**regeneration rate = number of in vitro  regenerated (rooted in vitro)/number of initiated inocula 
 
Tissue culture is a very effective approach for 
obtaining a large number of plants in a short time 
However, some research has shown that viral 
elimination in grapevine was not possible by 
shoot tip culture (Wang et al., 2016; Sim et al., 

2019). Therefore, tissue culture has been 
combined with thermotherapy, chemotherapy, 
electrotherapy, etc. (Panattoni et al., 2013). 
The grapevine genotypes behave differently 
when applying the micropropagation method. 
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Studies undertaken to evaluate the regenerative 
potential of some grapevine clones from 
germplasm collection belonging to the National 
Research & Development Institute for 
Biotechonoly in Horticulture Ștefănești - Argeș 
led to their grouping into three classes, 
following the quantification of the 
multiplication rate, in vitro rhizogenesis, and the 
acclimatization of the in vitro regenerated 
plants. Thus, the Fetească albă 97 Șt. genotype 
was declared to have a low regenerative 
potential, at the opposite pole being the Cabernet 
Sauvignon 131Șt. genotype (Vișoiu et al., 2008). 
On the other hand, it is self-evident that the 
presence of a viral infection in the explant donor 
plants influences the behaviour of these 
genotypes in the in vitro culture. In Cabernet 
Sauvignon infected with the viral complex 
Grapevine rupestris stem pitting-associated 
virus (GRSPaV), Grapevine leafroll-associated 
virus 2 (GLRaV-2) and GFkV, no plants could 
be regenerated by micropropagation (Hu et al., 
2022).  
The influence of viral infection on the behaviour 
of a grapevine genotype in the in vitro culture 
was studied in Fetească neagră genotype. In 
vitro studies conducted with explants collected 
from healthy grapevine and those infected with 
GFLV, GLRaV1+3 or GFkV highlighted the 
influence of the presence of the virus on the 
quantitative and qualitative characteristics of the 
culture. Significant differences in the 
multiplication rate were recorded between 
healthy and virus-infected material. On the 
contrary, shoot elongation and rooting capacity 
were not significantly influenced by virus 
infection. The type of virus did not influence the 
behaviour of the genotype during the cultures, 
highlighting the fact that the Fetească neagră 
genotype has a tolerant response to various viral 
infections under in vitro conditions (Guță et al., 
2009b). The use of chemotherapeutics in aseptic 
culture media to block viral multiplication and 
to regenerate new virus-free plants caused 
problems regarding phytotoxicity on explants 
from the beginning. Different viricides, different 
concentrations of them and different treatment 
times have been studied so that the method 

generates viral elimination: ribavirin (Weiland 
et al., 2004; Hu et al., 2018); tiazofurin, 6-
thioguanine, oseltamivir (Panattoni et al., 2011), 
dihydroxypropyladenine (Panattoni et al., 
2007a); mycophenolic acid (Panattoni et al., 
2007b), salicylic acid (Khassein et al., 2024). 
Increasing the treatment time (1-3 subcultures) 
induced a significant decrease in the 
multiplication rate for each concentration of the 
viricides ribavirin and oseltamivir in GFkV -
infected Canner genotype. The phytotoxic effect 
diminished with the transfer of the plants to the 
rooting medium without antivirals (Guță et al., 
2009a). In the process of GLRaV-1 and 
Grapevine virus A (GVA) elimination in Servant 
variety, using 80 µmol/L ribavirin in the culture 
medium for 30-90 days, the phytotoxic effect on 
the multiplication formations (axillary buds, 
shoot primordia) was also highlighted, which 
diminished at the transfer to regular medium 
(Guță & Buciumeanu, 2011). Studies on the 
GFLV elimination in Fetească albă genotype, 
GLRaV-1+3 in Ranâi Magaraci, and GFkV in 
Canner mentioned the occurrence of explants 
vitrification and necrosis phenomena as an 
effect of the presence of viricides in the culture 
medium (Guță & Buciumeanu, 2012). 
Throughout time, in vitro chemotherapy with 
ribavirin and oseltamivir used single each one or  
in combination has proven to be effective in 
viral elimination, the phytotoxic effect being 
neutralized by subsequent cultivation on regular 
medium without antivirals, and by the 
regenerative potential specific to the grapevine 
genotype (Guță et al., 2014; 2017a; 2017b). 
Successful application of the in vitro 
chemotherapy method must consider the 
cultivation of a sufficient number of explants 
that lead to the regeneration of new plants, some 
of which are virus-free. After acclimatization, as 
a result of the process of adapting the vitroplants 
to ex vitro conditions, the number of regenerated 
plants decreased, but all experimental variants 
were generally represented. These were 
individually tested by ELISA to establish the 
virological status, namely the presence of 
GPGV (Table 3). 
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Table 3. Virological status of grapevine plants regenerated by in vitro chemotherapy 

Geno-
type 

Treat-
ment 

Explant 
type * 

No. of regenerated plants 
Period and place of explant sampling 

April, 
protected space 

May, 
protected space 

May, 
field 

June, 
field 

tested** ELISA 
negative*** tested** ELISA 

negative*** tested** ELISA 
negative*** tested** ELISA 

negative*** 
Fetească 
albă 
97Șt. 

Control 
apex 3 1 1 0 2 0 1 0 

nodal 
frag. 3 0 2 1 - - 1 0 

R+O 
apex 1 1 4 4 3 2 1 1 

nodal 
frag. 2 1 3 2 0 - 1 1 

Cabernet 
Sauvig-
non 
131Șt. 

Control 
apex 8 0 3 0 6 0 4 0 

nodal 
frag. 7 0 6 0 2 0 2 0 

R+O 
apex 6 5 2 1 3 3 1 1 

nodal 
frag. 3 3 1 0 2 2 1 1 

*cultures were initiated with 6 inocula/type of explant 
**plants regenerated from  in vitro rooted plants after going through the acclimatization process 
***regenerated plants were ELISA tested for GPGV 
 
The efficiency of the GPGV elimination method 
by in vitro chemotherapy was calculated as no. 

ELISA negative plants/no. of tested plants x 100 
(Table 4).  

 
Table 4. Efficiency of the method of GPGV elimination, simple infection, by in vitro chemotherapy 

(expressed as no. of ELISA negative plants/no. of plants tested x100) 

Genotype Treat-
ment Explant type 

GPGV elimination rate (%) 
Period and place of explant sampling 

April, 
 protected space 

May,  
protected space 

May, 
field 

June, 
field 

Fetească albă 97Șt. Control apex 33 0 0 0 
nodal frag. 0 50 - 0 

R+O apex 100 100 66 100 
nodal frag. 50 66 - 100 

Cabernet  
Sauvignon 131Șt. Control apex 0 0 0 0 

nodal frag.  0 0 0 0 

R+O apex 83,3 50 100 100 
nodal frag.   100 0 100 100 

 
The calculation of precision, as the variability 
of the results obtained when repeating the 
experiments of GPGV-free plants regeneration 
by in vitro chemotherapy, dependent on the 
genotype and the type of explant, independent 
of the period and place of sampling of the 
explants subjected to chemotherapy treatment, 
showed that the apexes give the best results in 
both genotypes studied. Cultivation of apices 
from donor plants grown in protected culture or 
in the field, regardless of the sampling period, 
led to the regeneration of GPGV-free plants 

with a variation of ±0.19 in Fetească albă 97Șt., 
respectively ± 0.28 in Cabernet Sauvignon 
131Șt. as compared to the nodal fragments 
(Table 5). 
Eliminating the influence of genotype led to a 
precision of 0.22 at an average of 87.41 and SD 
of 19.52 when cultivating apices on viricidal 
medium. 
There are cases when a small amount of 
biological material requires the use of both 
apices and nodal fragments in the application of 
in vitro chemotherapy.
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Table 5. Validation the parameters of the GPGV elimination method by in vitro chemotherapy 

 in two grapevine genotypes infected with GPGV 

Genotype Explant type Average* Standard deviation** 
(SD) 

Precision*** (Variation 
coefficient VC) 

Fetească albă 
97Șt. 

apex 91.5 17.0 0.19 
nodal fragment 54.0 41.6 0.77 

Cabernet Sauvignon 
131Șt. 

apex 83.3 23.6 0.28 
nodal fragment 75.0 50.0 0.66 

*average of viral elimination rate (number of GPGV - ELISA negative plants/number of plants tested x100) 
**SD = standard deviation of the average of the 4 values corresponding to the four initiation periods 
***VC = SD/average 
 
The precision calculated when standardizing all 
parameters that could influence the successful  
application of the viral elimination method 
(genotype, explant type, donor plant, sampling 
period) was 0.21 for an average of 75.95 and a 
standard deviation of 16.10. This indicates a 
minimal influence of the type of explant on the 
repeatability of the method. 
 
CONCLUSIONS  
 
In vitro chemotherapy is an effective method for 
regeneration of ELISA negative grapevine 
plants for GPGV. 
The method can be applied by culturing apexes 
and nodal fragments on medium supplemented 
with antivirals taken from donor plants grown 
in protected areas or in the field during the 
grapevine vegetation period. 
In the case of the genotypes Fetească albă 97 Șt. 
and Cabernet Sauvignon 131 Șt., GPGV was 
eliminated at rates ranging from 50 to 100% 
with a precision of ± 0.21. 
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