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Abstract 

The use of electrotherapy in continuous electric field and also in vitro chemotherapy with 
ribavirin and oseltamivir were investigated as solutions to eliminate grapevine leafroll associated 
virus serotype 1+3 from V. vinifera L., cv. Ranâi Magaraci.  The efficacy of  virus elimination process 
was assessed by  enzyme-linked immunosorbent assay  testing  during the  in vitro stages of 
experiments  and at their end, on regenerated acclimated grapevine plants. The results showed no 
virus eradication in ribavirin (120 μmol L-1) treated apices. Oseltamivir (50 μmol L-1) administration 
led to obtain virus-free plants in the percentage of 66.66-71.42%. The electrotherapy followed by in 
vitro culture of shoot apices produced 33.33– 66.66% virus –free plants, regardless  explant  position 
of exposed plant in continuous electric field. In order to test the genetic stability, fidelity and 
uniformity of the plants obtained after electrotherapy followed by in vitro culture the random 
amplified polymorphic technique was applied. The patterns generated by all primers proved to be 
monomorphic across all the tested  plants. 
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Introduction 
  

Leafroll is one of the most widespread viral diseases of grapevines. It causes 
significant yield losses, delays fruit ripening, reduces soluble solids and increases titrate 
acidity in fruit juice. To date, ten different phloem-limited filamentous viruses, identified as 
grapevine leafroll-associated viruses (GLRaVs), have been isolated and characterized from 
leafroll-infected grapevines (G.P. MARTELLI & E. BOUDON-PADIEU [1]).  

Chemotherapy and electrotherapy are considered alternative method for virus free 
regenerating plants, to classical thermotherapy, time consuming and requiring intensive 
equipments. Whichever method is used, the question is to identify the conditions for virus or 
viral complexes removal, measured by the percentage of healthy plants, however, taking into 
consideration the other side effects of treatments on exposed or  regenerated plants (e.g., the 
phytotoxic effect). 

 The ability to control plant viral diseases with chemicals has great potential value for 
agriculture but few chemicals are available until now do the difficulty in obtaining effective 
drugs. The few studies available in the plant literature focus at present mainly on ribavirin  (1-
[(2R,3R,4S,5R)-3,4-dihydroxy-5-(hydroxymethyl)oxolan-2-yl]-1H-1,2,4-triazole-3-
carboxamide), DHT (2,4-dioxohexahydro, 3,5-triazina), DHPA ((S)-9(2,3- dihydroxy-
propyladenine) and tiazofurin - TR [(1R)-1-[4-(aminocarbonyl)-1,3-thiazol-2-yl]-1,4-anhydro-
D-ribitol)]  (P.L. MONETTE [2];  A.  PANATTONI & E. TRIOLO [3]; C.M.  WEILAND  & 
al. [4]; A. PANATTONI & al. [5, 6]).  
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The electrotherapy in alternating electric field for GFLV elimination was investigated, 
as a more practical alternative technique comparatively to heat therapy of virus infected 
grapevine, but not satisfactory results have been obtained. However, the decreasing of ELISA 
values in function of the exposure period have been registered (J.G. BURGER [7]).  

Taking into consideration that both, antiviral treatment in continuous electric field and 
in vitro culture, can be considered stress factors responsible for inducing genetic variation it is 
compulsory to check the obtained plants for genetic stability, fidelity and uniformity. 
Presently, there are various methods available which can be used to detect and monitor tissue 
culture-derived plants and cultivar identification. The most reliable methods are the molecular 
marker techniques. 

Recently, molecular markers have been used in the detection of variation or 
confirmation of genetic fidelity during micropropagation (P.K. GUPTA & al. [8]; R.K. 
TYAGI & al. [9]). Among the polymerase chain reaction (PCR)-based markers frequently 
used, RAPD (random amplified polymorphic DNA) is considered to be efficient and cost 
effective. The technique only needs a few nanograms of DNA for a fast polymorphism 
analysis, does not require prior knowledge of DNA sequence, and does not involve 
radioactivity (J.G.K. WILLIAMS & al.[10]). 

The experiments described in this study were aimed to eliminate grapevine leafroll 
associated virus serotype 1+3 (GLRaV 1+3) from V. vinifera L, cv. Ranâi Magaraci by in 
vitro chemotherapy and electrotherapy and, also, to check the genetic integrity of the virus-
free recovered plants after the antiviral treatment. 
 
Materials and Methods 

 
Source of virus- infected material:  The study regarding GLRaV 1+3 elimination has 

been done on V. vinifera L., cv. Ranâi Magaraci maintained in the grapevine virus infected 
collection of NRDIBH Stefanesti–Arges. The infected plants showing leafroll disease 
symptoms cultivated on their own roots have been confirmed as GLRaV 1+3 infected by 
enzyme-linked immunosorbent assay  (ELISA) testing.  This material has not registered 
positive results for other dangerous viruses: GFLV,  arabis mosaic viruses (ArMV),  fleck 
virus (GFkV) or GVA.  

In vitro chemotherapy: Grapevine apices (0.2 – 0.3 cm) collected from mature GLRaV 
1+3 infected  plants over the growing season  were grown on  M&S (1962) basic medium (T. 
MURASHIGE & F. SKOOG [11]) containing growth regulators and supplemented with  
antiviral chemicals for virus elimination.  Ribavirin at 120 μmol L-1 or oseltamivir 
(3R,4R,5S)-4acetylamino-5-amino-3(1-ethylpropoxy-1-cyclohexene-1-carboxylic acid, ethyl 
ester, phosphate)  at 50 μmol L-1 were added to the proliferating medium for three subsequent 
subcultures (S1, S2, S3) of 30 days each. Ribavirin was purchased from SIGMA, USA. 
Human antiviral medicine named tamiflu, produced by Hofmann-La Roche Germany, was 
used as oseltamivir phosphate source. At the end of treatment period, regenerated shoots were 
transferred on free-drug rooting medium. 

Electrotherapy: The infected grapevine in vegetative pots (rooted plants of 15-20 cm 
in length) obtained from one bud woody cuttings were subjected to continuous electric field at 
10 V/cm  for  20 minutes.  The sanitation conditions were selected following a larger  
experiment conducted on GLRaV 1+3 infected  grapevines  belonging to Cabernet Sauvignon 
variety (I.C. GUŢĂ & al.[12]). Three apices were excised from each treated grapevine plant 
(one corresponding to the main shoot (A) and two belonging to vegetative growth of axillary 
buds (C1 and C2). The apices  were grown on in vitro regenerative media.   
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Virus detection by ELISA: The ELISA test was performed according to the method 
described by M.F. CLARK & A.N. ADAMS [13] with commercial reagents produced by 
SEDIAG, France. OD405 nm absorbance was recorded by PR 3100 photometer. For a correct 
discrimination of negative and positive results, a cut-off value as three times the average 
values of negative control was calculated.  

The evaluation of virus elimination efficiency has been done  in dynamics, starting 
from in vitro stage,  using rooted microshoots obtained in each experimental variant, than 
leaves collected from acclimated  plants were analyzed, the next group of samples was 
assessed  in the dormant period, and finally, petioles of one year old grapevine plants were 
used as source of virus extraction.  

DNA extraction: The genomic DNA was extracted from young grapevine leaves by 
using DNeasy Plant Mini Kit (Qiagen, Germany), following the protocol proposed by the 
manufacturer. An aliquot of 2 μl from the DNA obtained solution was checked on 0.8% 
agarose gel for estimating the integrity and the purity of the isolated DNA.    

RAPD analysis: RAPD amplification was performed in a reaction volume of 25 µl 
containing 4 mM MgCl2, 0.4 mM of each dNTP, 0.6 units Taq DNA polymerase, 0.8 µM 
primer  and 100-200 ng genomic DNA. The amplification reactions were carried out in an 
TC-512 thermal cycler (Bibby Scientific Ltd) programmed as following: preliminary 
denaturation of DNA at 94°C for 30 s, 45 cycles of 92°C for 30 s, 36°C for  25 s and 72°C for 
74 s, and a final extension step at 72°C for 7 min. The PCR products obtained were separated 
by gel electrophoresis on a 1.2 % agarose gel stained with ethidium bromide (10 mg/ml), in 
0.5 x TBE buffer during 1 h at 90 V. Photographs of the gels were obtained with a Gene Flash 
Syngene Bio Imaging. The 100 bp DNA Ladder (Fermentas) was used as a molecular size 
standard and the size of the amplification products was estimated using LabImage software 
from the photographs of the gels. RAPD analysis using each primer was repeated at least 
twice to establish the reproducibility of banding pattern of the studied DNA sample. 
 
Results and Discussions 
 

In vitro chemotherapy: Due the phytotoxic effect of ribavirin presence in the 
regeneration media, a reduced number of  samples were  ELISA tested for GLRaV 1+3 
detection   during all stages of treatment and  not satisfactory results regarding virus 
elimination have been obtained. Ribavirin induced vitrification and necrosis phenomena in all 
subcultures. On contrary, serological analyzes showed antiviral activity following oseltamivir 
administration in S1 and S2 subcultures and also significantly increased multiplication rates 
were obtained as compared to ribavirin action.  However, the phytotoxic effect of oseltamivir 
occurred in the third subculture; thereby, the phytotoxic effect was not correlated to virus 
eradication in regenerated plantlets, because no healthy plants were obtained. Virus 
elimination result registered in in vitro stage is not maintained in the next investigations on 
acclimatized plants. Selected healthy acclimated plants following leaves extract analysis gave 
negative ELISA values in the next investigations run in the dormant period and in the second 
year of vegetation (Table 1).  
 Considering that in vitro verified  grapevine material consisted of  whole  rooted 
plantlets and  acclimated material is formed of the same plants  repeatedly analyzed, is 
recommended to take into consideration the result obtained on  regenerated plants.  A not 
significant difference of virus elimination rate after one or two subcultures in the presence of 
oseltamivir has been obtained (71.42% and 66.66%, respectively) (Table 2).  
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The results of in vitro chemotherapy were correlated with the size of explants and 
virus type. Moreover, the therapeutic efficiency of the drugs was associated or no to the 
phytotoxic effects (M. BARBA & al. [14]; A. PANATTONI & al. [15]). 

The possibility of inducing genetic variation by in vitro chemotherapy was 
investigated on grape cultivar V. vinifera L. cv. Canner. All RAPD profiles from 
micropropagated plants were found to be monomorphic and analogous to those of the control 
plant (I.C. GUŢĂ & al. [16]). 

Electrotherapy: Starting from in vitro rooted microshoots until the last step of 
evaluation of virus eradication efficiency   (petioles of acclimated plants in the second year of 
vegetation), 31 samples were ELISA tested for GLRaV1+3 detection. Continuous electric 
current displayed antiviral activity on grapevine virus infection.   

A larger number of shoots have been developed from the apices of the main shoots of 
exposed plant comparatively to those obtained from vegetative growth of axillary buds. 
However,  no clear correlations between  explants  position  and  virus- free plant regeneration 
percent have been found  Two of 6 acclimated plants analyzed  in the first step died during  
dormancy; therefore, only four plants were reviewed in the next stages, (Table 1).  Final 
assessment revealed that acclimated plants derived from apex were 66.66% GLRaV1+3  free; 
plants obtained from apices of vegetative growths of axillary buds  C1 and C2 were  66.66% 
and 33.33% virus–free, respectively  (Table 2). 

 

Table 1.  The evaluation of efficiency of virus elimination methods   in dynamics, during treatments, for 
GLRaV-1+3 elimination from grapevine cv. Ranâi Magaraci 

 

ELISA tests (No) 
Regenerated plants In vitro 

microshoots Leaf Cane Petiole 

Method  
of virus 
elimina- 
tion  

 
 

Variant
* 

Virus - 
free 

Tested Virus - 
free 

Tested Virus - 
free 

Tested Virus - 
free 

Tested 

R (S1) 0 1 1 1 1 1 0 1 
R (S2) - - 0 2 - - - - 
R (S3) - - 0 1 - - - - 
O (S1) 0 2 10 14 10 10 10 10 
O (S2) 4 13 6 9 6 6 6 6 

 
Chemo-
therapy 

O (S3) 0 7 0 1 - - - - 
A 4 5 6 6 4 4 4 4 
C1 3 3 2 3 2 2 2 2 

Electro-
therapy 

C2 2 3 2 3 1 2 1 2 
* R = ribavirin;  O = oseltamivir, S1, S2, S3 = subcultures; A = apex from the main shoot;  C1, C2 = apices from 
the vegetative growths of axillary buds  
 

Table 2.  Final assessment of efficiency of virus elimination  treatments for GLRaV-1+3 elimination from 
grapevine cv. Ranâi Magaraci 
 

Method of virus 
elimination 

Variant* ELISA tested 
plants  (No) 

Healthy plants 
(No) 

Sanitation rate 
(%) 

R(S1) 2 0 0 
R (S2) 0 - - 
R(S3) 0 - - 
O (S1) 14 10 71.42 
O (S2) 9 6 66.66 

 
 
Chemotherapy 

O(S3) 8 0 0 
A 6 4 66.66 
C1 3 2 66.66 

Electrotherapy 

C2 3 1 33.33 
* R = ribavirin;  O = oseltamivir, S1, S2, S3 = subcultures; A = apex from the main shoot;  C1, C2 = apices from 
the vegetative growths of axillary buds  
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Despite the advantages of in vitro propagation, factors such as growth regulators, time 
of culture and media composition appear to be capable of inducing in vitro genetic variability 
in the regenerated plantlets. In order to evaluate the possibility of inducing genetic variation 
after application of electrotherapy and during in vitro culture, the RAPD method was used to 
test the genetic stability and fidelity. Six plants were randomly selected from the regenerated 
vines with the aim to compare their genetic profile with that of the mother plant. Of 20 RAPD 
primers screened initially, 8 were finally selected for genetic characterisation based on 
screening findings.  

Reproducibility of the selected primers was tested by repeating the PCR amplification 
under the same amplification conditions. All the primers generated reproducible RAPD 
profiles and as a result, a total of 39 distinct bands were obtained with the selected primers 
with an average of 4.8 bands per primer.  

The number of scorable bands for each primer varied from 7 (OPA01 and OPC05) to 
2 (OPA19). The eight primers tested yielded totally 273 (number of plantlets analyzed X 
number.  

 
 

                             
  a  b 

                              
        c d 
Fig. 1.  RAPD patterns amplified by primers OPC05 (a), OPC06 (b), OPA01 (c) and OPA02 (d). The numbers 

represent randomly selected plants, M – mother plant and L – DNA Ladder 100 bp (Fermentas) 
 
of bands with all primers).  Each primer generated a unique set of amplification products 
ranging from 2420 bp (OPA01) to 239 bp (OPC08) (Table 3).  

 
 

3000 bp

1000 bp

500 bp

1 2 3 4 5 6 M L L 1 2 3 4 5 6 M

3000 bp

1000 bp

500 bp

 1      2       3      4      5       6    M   L L 1 2 3 4 5 6 M
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Table 3. List of primers, their sequence and size of the amplified fragments generated by 8 RAPD primers 
 

No. Primer Sequence  Scorable  
bands 
(No.) 

Monomorphic bands 
(No.) 

Size  
(bp) 

1 OPA01 CAGGCCCTT 7 7 2420-721 
2 OPA02 TGCCGAGCTG 4 4 1913-840 
3 OPA07 GAAACGGGTG 3 3 1300-610 
4 OPA19 CAAACGTCGG 2 2 1390-660 
5 OPC05 GATGACCGCC 7 7 1630-497 
6 OPC06 GAACGGACTC 6 6 2378-446 
7 OPC08 TGGACCGGTG 3 3 1636-239 
8 OPC09 CTCACCGTCC 6 6 1460-591 

There were no polymorphic fragments among the analysed plants. All the tested 
primers generated monomorphic patterns across all the plants analysed as well as compared 
with the mother plant. Examples of RAPD patterns generated with some of the primers are 
presented in figure 1.  

 
Conclusions 
 

Eradication of GLRaV 1+3 from grapevine Ranâi Magaraci was obtained successfully 
with in vitro chemotherapy with oseltamivir. The concentration of 120 μmol L-1 and 30 days 
of exposure led to the highest rate of healthy plants recovery in the percent of  71.42%. At the 
same concentration, the doubling time resulted in reducing the virus elimination rate to 
66.66%. Unexpected, there was not obtained any healthy plant after the third subculture with 
oseltamivir. We can also note that the acclimated healthy plants remained GLRaV 1+ 3 free to 
the last ELISA test. Chemotherapy with ribavirin failed on all experimental variants. 

The investigations of regenerated grapevines revealed the beneficial effect of 
electrotherapy in continuous electric field in GLRaV 1+3 eradication. No clear correlations 
between explants  position  and  virus- free plant regeneration percent have been found. Final 
assessment revealed that acclimated plants derived from the main apex  were 66.66% 
GLRaV1+3  free; plants obtained from apices of vegetative growths of axillary buds  C1 and 
C2 were  66.66% and 33.33% virus–free, respectively. 

The results presented in this paper proved that RAPD technique was efficient in 
generating reproducible results useful in assessment of genetic fidelity of virus-free plants in 
Vitis vinifera L. cv  Ranâi Magaraci. There was no deviation between mother plant and 
randomly tested regenerants, which indicates genetic uniformity. 
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