
 421 

Influence of ribavirin on potato plants regeneration and virus 
eradication  

 
Danci Oana1*, Erdei L.2, Vidacs Livia2, Danci M.1, Baciu Anca3, David I.4, Berbentea F.4 

 
1USAMVB Timisoara, Faculty of Horticulture and Sylviculture, 2Department of Plant Physiology, University of 
Szeged, Szeged, Hungary, 3Potato Research and Development Station – Targu Secuiesc, 4Faculty of Food 
Processing Technology  
 
*Corresponding author: Email: oana_research@yahoo.com 
 
 
Abstract         Chemotherapy techniques combined with meristems culture 
increase virus free plants regeneration rate, even if meristematic dome is 
virus infected. Adding ribavirin, a guanozine synthetic derivate, in the culture 
media destined for potato plants regeneration, increases the percentage of 
virus eradication from plants. Biological material, used for experimentation, 
was constituted of four Romanian potato cultivars: Amelia, Christian, Nicoleta 
and Roclas. Tissue culture initiation was done from explants constituted of 
different sizes meristems on PM culture media added with 5,7x10-6M indole-
3-acetic acid, 4,9x10-6M indole-3-butyric acid and 8,6x10-7M gibberellic acid. 
Different ribavirin concentrations were added into the culture media. Best 
results regarding virus free plants percentage and regeneration percentage 
were obtained when ribavirin concentration was of 35mg/ l. The lowest virus 
eradication rate was obtained when meristems were constituted of 
meristematic dome plus four leaf primordia. On culture media added with 
ribavirin (35mg/l) the virus eradication percentage increased with 27% 
comparing with the control. 
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Potato (Solanum tuberosum L.) species are 
host to the largest number of viruses. At least 37 
viruses naturally infect cultivated potatoes [9, 10, 13]. 
Some of these viruses, notably Potato leaf roll 
(PLRV), Potato virus A (PVA), Potato virus Y (PVY), 
Potato virus V (PVV), Potato virus M (PVM), Potato 
virus X (PVX), Potato virus S (PVS), Potato Potato 
(PMTV) and Potato aucuba mosaic virus (PAMV) 
occur worldwide in potato crops; others are important 
only in some geographical areas [8, 9]. Chemotherapy 
is a very good method in obtaining virus free biological 
material of complying virus infected plants with a 
treatment with different chemical substances that can 
inhibit virus replication or even virus transport cell to 
cell or long distance through the plant [4, 7]. This 
method can be applied on dormant tubers or to the 
whole plant that meristem will be excised of [12, 15]. 
Chemotherapy can be applied to meristems cultured in 
vitro, incorporated into the culture medium. These 
chemicals can also affect meristems growth [11]. 
Numerous chemicals have been tested for antiviral 
activity, but few were effective [4]. The most used 
substance is the synthetic analogue of guanosine, 
ribavirin (1-beta-D-Ribofuranosyl-1H-1,2,4- triazole-3-
carboxamide) which, when added to the media was 
affective against PVX, PVY, PVS and PVM in potato 
[4, 7, 10, 14]. Ribavirin (Copegus; Rebetol; 
Ribasphere; Vilona,Virazole, also generics from 

Sandoz, Teva, Warrick) is an anti-viral drug which is 
active against a number of DNA and RNA viruses [16]. 
It is a member of the nucleoside antimetabolite drugs 
that interfere with duplication of viral genetic material. 
Though not effective against all viruses, ribavirin is 
remarkable as a small molecule for its wide range of 
activity; including important activities against both 
DNA and RNA viruses. Ribavirin's carboxamide group 
can make the native nucleoside drug resemble 
adenosine or guanosine, depending on its rotation. For 
this reason, when ribavirin is incorporated into RNA, 
as a base analog of either adenine or guanine, it pairs 
equally well with either uracil or cytosine, inducing 
mutations in RNA-dependent replication in RNA 
viruses. Such hypermutation can be lethal to RNA 
viruses [3]. However, ribavirin at active doses, which 
vary with plants genotype and virus, is usually 
phytotoxic causing an increase in culture time, death of 
some meristems and the need for frequent transfers to 
fresh media [10]. For PVM eradication, smaller 
cuttings (0.15x0.5 cm), a higher level of ribavirin 
(50mg/l) and two 4-week treatments were needed to 
produce, depending on the cultivar, 40-87% virus-free 
plantlets [12]. To eradicate PVM, PLRV, PVS, PVX 
and PVY from 18 potato cultivars and 6 Solanum 
species, nodal cuttings of unspecified length were 
grown in vitro on MS medium containing 20mg/l 
ribavirin for 14 days [4]. Plantlets established for a 
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further 28 days on the same medium in a heat chamber 
(alternating temperature cycle 4h light at 35oC, 4h dark 
at 31oC) were mostly freed of PVS, PVM and PVX; 
however, no PLRV-free and only a few PVY-free 
plants were obtained [4, 5]. Also, the initiation 
meristem size is very important when the aim of the in 
vitro culture is to obtain virus free plants. Thus, as the 
meristem size decrease the percentage of virus free 
plants regenerated can be higher [2] although their 
viability and regeneration capacity decrease [1, 2, 4].   

This study aim was to emphasize ribavirin 
role in virus eradication from plants tissues correlated 
with meristems culture and to detect which is the 
optimum ribavirin concentration for the potato 
genotypes studied.  

 
Materials and Methods 

 
The biological material used in this study was 

represented by four Romanian potato cultivars: 
Amelia, Christian, Nicoleta şi Roclas, created in the 
Breeding Laboratory of I.N.C.D.C.S.Z. Brasov, 
infected with different virus strains. All four cultivars 
differ morphologically and belong to both winter and 
summer consumes potatoes groups. The chemical 
substance used to eradicate viruses from potato 
meristems tissues was ribavirin or virazole (1-β D-
ribofuranosyl-1, 2, 4-triazole-3-carboxamide), the 
synthetic analogue of guanosine [16]. Concentrations 
of ribavirin used for experimentation were between 10-
50 mg/l.  

Explants were constituted of apical meristems 
of different sizes: meristematic dome without leaf 
primordia, meristematic dome plus one, two or four 
leaves primordia. Culture medium used for 
experimentation was constituted of PM [10] added 
with 5,7x10-6M indole-3-acetic acid, 4,9x10-6M indole-

3-butyric acid and 8,6x10-7M gibberellic acid. The 
presence of the virus in the plants regenerated from the 
meristems was assayed and proved using ELISA test 
kits PathoScreen PVY, PVA, PVS, PVM, PLRV, and 
PVX from Agdia Inc., IN, USA. The regeneration 
capacity was calculated as the percentage of meristems 
that regenerated sprouts on culture media added with 
different concentrations of Ribavirin.  The control was 
constituted of meristems with the same size and from 
the same cultivars as the samples, which were cultured 
on media without Ribavirin. Biometrical observations 
were made every week after meristem culture 
initiation, but final data that allowed us to make the 
interpretations were taken 10 weeks after meristem 
culture initiation. Serological tests were realized on 
samples after 6, 8 and 10 week treatment with 
Ribavirin. All statistical interpretations were done 
using Microsoft Excel XP Program.    

 
Results and Discussion 

 
 The highest meristems regeneration capacity 

was registered when in the culture medium Ribavirin 
was added in 10 to 15 mg/l and the lowest meristems 
regeneration capacity was registered when 
concentrations over 45 mg/l were added. 
Chemotherapy can also be applied to meristems 
cultured in vitro, or to plants before meristems 
collection [3, 5].  Applied into the culture medium can 
affect tissue development and meristems growth, 
inhibiting shots regeneration from meristems [10]. 
These observations were made also during our 
experimentation, when high ribavirin concentrations 
determined meristems necrosis in a higher manner than 
lower concentrations (figure 1). Thus, the percentage 
of meristems regeneration decreased with 27 to 56% 
(fig 1) in presence of Ribavirin. 

  
 

 

 
Figure 1. Regeneration capacity of potato meristems depending on the genotype and Ribavirin concentration 

 
Data obtained from regeneration of shoots 

from meristems sampled from virus infected plants that 
were previously treated with chemical substances 
which can inhibit virus spreading, show that even if the 
percentage of virus free plants is greater than without 
chemotherapy, the regeneration percentage is 

significantly lower [4]. The regeneration percentage 
decreased inverse proportionally with Ribavirin 
concentration, due to the fact that Ribavirin is 
phytotoxic and can inhibit or decrease plants cellular 
metabolic activity [10, 15].   
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Results shown in figure 2, emphasize that 
comparing with the control virus free percent of plants 
obtained from meristems culture with chemotherapy 
was increasing almost direct proportionally with the 
Ribavirin concentration added into the culture medium. 
In our case, for almost all cultivars the most significant 
difference regarding virus free percent was obtained 
between 30 and 35 mg/l Ribavirin, exception was made 
by the cultivar Roclas which highest difference was 
noticed between 35-30 mg/l. Vegetal tissues tolerance 
to Ribavirin is genotype dependent, different answers 
were obtained for the same concentration of Ribavirin 
when added to the potato cultivars testes (fig. 1) [4, 6, 
14, 15].   

Statistical differences between the results 
obtained when 35 mg/l ribavirin were added into the 
culture medium and higher concentrations, even in the 
case of 50 mg/l were not significant, showing that for 
potato viruses eradication 35mg/l were sufficient. This 
result correlated with the regeneration capacity 
obtained from the variants with ribavirin emphasized 
that the best results were obtained when 35 mg/l were 
added into the culture medium. Regeneration capacity 
from meristems culture decreased with 9.71% when 
chemotherapy was applied while virus free percentage 
increased with 27.36%. 

  
 

 

 
 

Figure 2. Virus-free plants percentage of potato meristems depending on the genotype and the Ribavirin concentration 
 

Regeneration from meristems’ capacity 
depends in a great manner of the explants size, the 
cultivar, the nutrients in the culture media and the 
hormonal balance [1, 6, 10]. Results from figure 3, 
represents data regarding different sizes meristems 
regeneration capacity and virus free plants percentage 
obtained on culture medium with ribavirin in 
concentration of 35mg/l comparing with the control 
constituted of different sizes meristems cultured on 
medium without ribavirin.  

Regeneration of potato sprouts from 
meristematic culture was delayed by 6 to 8 weeks, 
when ribavirin (10-50 mg/l) was used, due to the fact 
that ribavirin may cause death of some meristems or is 
slowing down cellular metabolic processes [15]. Whilst 
control meristems generated 1 cm sprouts 10 days (in 
average) after inoculation, meristems inoculated on 
Ribavirin added media gave shots of about 1 cm long 
only after 42 to 70 days. 

The experimental samples were constituted of 
meristems excised from donor plants virus infected. 
Thus for, significant differences existed between the 
results obtained from meristems constituted only of 
meristematic dome without leaf primordia and the 
explants constituted of meristematic dome plus four 

leaves primordia. The lower regeneration percentage 
was obtained, when the explants had the smallest size. 
The best results were noticed when the meristem had 
four leaves primordia, the regeneration capacity 
increasing direct proportionally with the meristem size. 
These results are normal because meristems viability 
increases with the explants size [1] (fig. 3). 

Considering the fact that these researches 
were a preamble for establishing virus free plants 
acquiring protocols it has to be taken in consideration 
especially the results obtained for the meristems 
without or with one leaf primordia, due to the reason 
that as the explants size are smaller the virus free plants 
percentage is higher [6, 8].  

Data obtained show that virus free percentage 
increased significantly after chemotherapy whilst 
regeneration capacity decreased. The regenerated shots 
number was significantly inferior for the samples 
infected when chemotherapy with Ribavirin was 
applied, comparing with the control, proving Ribavirin 
phytotoxic effect. This might be explained by the fact 
that Ribavirin can either inhibit either decrease cellular 
activities probably interfering with cellular RNAs [4, 
10].
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Figure 3. Regeneration rate and virus-free plants percentage, from meristems culture with and without Ribavirin 
*RCM = regeneration rate from meristems culture without Ribavirin; RCM-rb= regeneration rate from 

meristems culture with Ribavirin; PD = virus-free plants percentage obtained from meristems culture without Ribavirin; 
PD-rb= virus-free plants percentage obtained from meristems culture with Ribavirin; DM= meristematic dome without 
leaf primordia; DM+1= meristematic dome with one leaf primordia; DM+2= meristematic dome with two leaves 
primordia; DM+4= meristematic dome with four leaves primordia ; Error bars signifies standard deviation. 

 
The highest virus-free plants number was 

obtained from the smallest meristem, namely from 
meristematic dome without leaf primordia, for all the 
genotypes studied and all the infected samples, 
indifferent of the viral strain, even without 
chemotherapy. Chemotherapy determined a 
significantly increasing of virus free percentage even 
when meristems had bigger size. These results prove 
that ribavirin inhibits virus replication permitting new 
meristematic growths, free of viruses that can provide 
healthy plants. The lowest virus-free percentage was 
obtained from the cultivar Christian that presents in 
vivo a low resistance to viral attack and the highest 
number of healthy shots was obtained for the cultivar 
Amelia that has the highest virus resistance. The results 
obtained emphasized that in vitro regeneration of 
potato from meristem culture and virus eradication, 
even with chemotherapy is genotype dependent. 

Using chemotherapy and meristem culture, 
potato virus free plants were obtained. Successful 
eradication seemed to depend on the duration of 
treatment and type of cultivar rather than on the virus. 
The best results were obtained with 8 week treatment, 
but complete eradication of viruses correlated with a 
high viability was obtained after 10 week treatment 
with Ribavirin 35mg/l. Different concentrations and 
almost different results were obtained of other 
researchers due to the fact that in vitro culture response 
is genotype dependent as the virus eradication or virus 
infection is also genotype dependent. Genotypes 
Nicoleta and Roclas are PVY resistant and medium 
resistant to PLRV, and this might be one of the reasons 
why the highest number of virus free plants was 
obtained in those two cases. Cultivar Amelia, a 
recalcitrant cultivar to in vitro culture, is PVY and PVS 

resistant and medium resistant to PVM and PRLV. 
Although it gave the lowest results regarding shots 
regeneration from meristems, but good results were 
obtained concerning the number of virus free plants 
obtained. Beside Ribavirin, DHT is another chemical 
effective in virus eradication from potato tissues [4] 
and good results were obtained when it was used 
together with Ribavirin [5] in PVM and PVS 
eradication. The most difficult virus to eradicate is 
PVX [10], which due to its small sizes can traffic cell 
to cell even through branched plasmodesmata and 
infect the meristemal cells [9]. It was found even in the 
potato plants meristemal tip in the stem cells [8, 9]. If 
mixed infection occurs, obtaining virus free plants 
becomes more difficult [10]. In presence of PVY the 
Potato virus X becomes more aggressive and can 
traffic till the apical meristems [7, 10], but 
chemotherapy and in some cases thermotherapy were 
useful to eradicate it [6, 7, 15]. Phytotoxic effect of 
Ribavirin [3, 16] was proved and its effects on 
regenerated plants even three years after treatment 
were found [13]. This is the reason for, in our 
researches, we tried to find the lowest concentration 
that is effective in virus eradication. Virus eradication 
by meristem culture with chemotherapy can have 
various effects on the derived plants and their 
production. The effects on the increase in quantity and 
quality of the tubers obtained are important, but beside 
crop yield, other characteristics of virus infected plants 
change. For example they normally react differently to 
a second infection thus; freeing plants from one 
infection may result in a different susceptibility (or 
resistance) to other viruses or pathogens [9]. There is 
the well known “cross-protection” that strains of a 
virus usually confer to plants against the other strain of 
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the same virus [4]. Acquired resistance against virus 
infection is also a common phenomenon, which can 
protect plants from successive infections [10]. This tool 
was necessary due to the fact that the cultivars studied 
by us are four of the most cultured cultivars in 
Romania, with increased yield [2]. Potato plants 
regenerated from our chemotherapy meristem culture 
were acclimated and tubers produced, that became 
healthy seed for new maintenance, selection and 
commercial cultures.  
 
Conclusions  
 

Regeneration capacity depends directly 
proportional with the meristems size whereas virus-free 
plants percentage is inverse proportionally dependent 
of the meristems size even if chemotherapy is applied. 

When chemotherapy is applied regenerations 
capacity from meristems culture decreases with 9.71% 
while virus free percentage increases with 27.36%. 

Bothe regeneration capacity and virus free 
plants rate is dependent of the genotype studied 
indifferent if chemotherapy is applied or not.  

Chemotherapy permits increasing of 
meristems size with same results regarding virus free 
percentage.  
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