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Abstract Meristems (length 100, 200, 300 yum) were excised from infected Potato plants of Binella and Burren cultivars
and cultured on solidified MS medium containing 30g1™" sucrose, 5mgl™" Ascorbic acid, 5mgl™"' Pyridoxine, 5mgl™"
Nicotinic acid, 5mgl™" Thiamine, 200mgl™" Inositole, 2mgl~' GA3, and 0.2mgl ™" kinetin. Virus status of in vitro plantlets
was determined by double antibody sandwich enzyme linked immunosorbent assay (DAS-ELISA). Results showed that
the highest rate of virus-free plants was obtained by using explants 100 ym in length. The rate of PVY elimination was
improved after treatment by thermotherapy at approximately 37+1°C for 40 days, (81%) in Binella and (75%) in Burren.
Chemotherapy was undertaken with (10-20-30) mgl™! of ribavirin (RBV), The highest percentage of virus free plantlets
87% in Binella and 82% in Burren were obtained from the ribavirin's concentration (20mgl™') combined with meristem-
tips (100 um) in length. Severe growth abnormalities were observed on medium containing high concentration of RBV
(30mgl™"). Finally, the highest percentage virus free plantlets of PVY (93% in Binella and 87% in Burren) were obtained

from meristem-tips 100 ym in length excised after electric treatments (15mA/10 min).
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Potato (Solanum tuberosum L.) is a vegetable crop of
major economic importance in the world. It is most
productive, common and multiuse horticultural
vegetable crop. Potato produces more protein and
calories per unit area, per unit time and per unit of
water than any other major food plant (Villamayor
1984). Potato is used worldwide for human and animal
consumption, and as raw material for starch and alcohol
production (Carputo et al. 2005).

In Syria, potato is one of the most important vegetable
crops. The total potato harvested area reached about
34,855 ha, which produced more than 700,000 tons in
2009 (Annual Statistical Abstract issued by the Central
Bureau of Statistics in Damascus, 2009).

More than 30 viruses infect potatoes of which
actually five or six are important, the losses due to
viruses infection are usually quantitative but some cause
qualitative as well (Khurana 1992). The Potato Virus
Y (PVY) is one of the most common and destructive
viruses found in potato (Singh et al. 2008). It is the type
species of the genus Potyvirus, family Potyviridae.

Potatoes are propagated vegetatively which allows for
the passage of viral diseases from one generation to the
next, making it possible for entire clonally populations
to become infected with the same pathogen. This makes

Potato, meristem culture, electrotherapy, thermotherapy, chemotherapy.

virus eradication an extremely valuable management tool
in potato production (Kassins et al. 1957). Plant tissue
culture techniques for elimination of viral infection in
plants were applied by (Morel and Martin 1952); they
cultured meristem tips excised from infected Dahlia and
obtained disease-free plants. The traditional techniques
applied to clean viral diseases in plants, i.e. Meristems
culture, fails to produce enough quantities of clean
material in some species. The successful conventional
methods of virus eradication from plants by meristem
culture is low and less efficient in producing virus-
free plants (Hidayat and Erkol 2004; Nasir et al. 2010;
Meybodi et al. 2011). Alternative, new techniques of
thermotherapy, chemotherapy and electrotherapy have
become efficient tools to overcome this problem (Black
1971; Bayaty et al. 2011). In potato (Yi et al. 2003) and
(Dhital et al. 2008) were reported that electrotherapy
with meristem culture used for PVX, PVY and PLRV
elimination.

This study aimed to evaluate the efficiency of
three different therapies (thermo-, chemo- and
electrotherapies) with meristem culture for PVY
elimination in potato plants and to find out the most
appropriate one for eradication of virus with the higher
plant regeneration.

This article can be found at http://www.jspcmb.jp/
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The biological material used in this study was
represented by two potato cultivars: Burren and Binella
(class B). Those cultivars differ morphologically, Binella
has a fairly good resistance against virus Y, but Burren
has a medium resistance to this virus.

Tubers were washed under running water, to remove
all impurities, and then treated with Gibberellic acid (4
PPM of GA3) for 15min in order to break the dormancy
phase. Tubers were cultured excised and cultured in
pots contained peat-moss. After 45 days, rose-ends were
removed and indexed by DAC-ELISA (Direct Antigen
Coating-Enzyme Linked Immunosorbent Assay) test
according to (Hobbs et al. 1987), using antiserum against
PVY, each at the concentration of 1:1000 (v/v), in order
to insure the dealing with infected plants.

Rose-ends were treated with alcohol (70%) for 60s,
immerged afterthat in sodium hypochlorite (3%) for
10min, and washed 3 times with sterilized distilled water
for 5min to eliminate the excess of hypochlorite.

Shoot tips 0.5-1cm in length were removed and
cultured in aseptic conditions on initial culture medium,
which contains MS salts, 30gl™" sucrose and 7gl™" Agar.
The excised explants were incubated in a growth room,
under a temperature regime of 25+2°C and photoperiod
cycle of 16/8h as light/dark, provided by fluorescent
tubes with light intensity of 2.5umol-m™2S™! according
to (Jayasree et al. 2001). Shoots obtained were cut and
multiplied on the same medium one time each 20
days, in order to obtain enough material for therapies
investigations.

Three lengths of Meristem (100-200-300 ym) were
excised from virus-infected plants under a binocular
dissection microscope and cultured under aseptic
conditions on medium, which contains mineral salts
of MS Murashige and Skoog (1962), supplemented
with 2mgl™! glycine, 5mgl™" nicotinic acid, 5mgl™!
pyridoxine, Smglf1 thiamine, ascorbic acid Smglfl,
inositole 200mgl™", gibberellic acid 2mgl™, 0.2mgl™!
kinetin, and 3% sucrose. The medium was solidified with
agar (0.6%) and then sterilized by the autoclave (121°C
for 15min). The cultured meristems were transferred
every 20 days to a new initial medium.

In vitro virus-infected potato plants, showing growth
and leaves from two cultivars, were submitted for 40
days to temperature of 37+2°C under a high intensity
continued light (5um-m™2S7"). Apical meristem tips
in different length (100-200-300 ym) from treated and
non treated shoots were excised in sterile conditions
and transferred to glass tubes with 12.5ml of meristem
medium. Sixteen explants from each cultivar were used
for each treatment. Experiment was repeated twice.
The total number of explants cultured was 3 (meristem
length) X2 (cultivars) X2 (repetition)X16 (explants
number)=192.

Different Ribavirin concentrations (10-20-30mgl™")

were added to the meristem culture media. The apical
meristem tips in different length (100-200-300 ym)
from two cultivars were excised in sterile conditions
and transferred to glass tubes with 12.5ml of meristem
medium with Ribavirin. The control of this experiment
was the same control of the thermotherapy experiment.
Sixteen explants from each cultivar were used for each
treatment. Experiment was repeated twice. The total
number of explants cultured was 3 (meristem length) X3
(conditions) X2 (cultivars) X2 (repetition) X 16 (explants
number)=>576 explants.

In vitro virus-infected plantlets with good growth
(12-15cm) fixed in the electrophoresis chamber
containing NaCl solution (1N), then the electric current
was applied, the amount of current and time duration
applied were: 15 miliampers (mA) for 5 and 10min.
After the treatment, the apical meristem tips were
excised in different lengths (100-200-300 #m) under
sterile conditions and transferred to glass tubes with
12.5ml of meristem medium. Sixteen explants from each
cultivar were used for each treatment. Experiment was
repeated twice. The total number of explants cultured
was 3X2X2X2X16=384 explants. Multiplication
phase aimed to produce a good number of good shoots.
For that, shoots have been moved from the previous
phases (meristem medium) to the propagation medium
containing mineral salts of MS medium, supplemented
with 30gl1™" sucrose and 0.6% agar. Explants were
transferred to the same medium, one time each 20 days,
in order to obtain plant material sufficient for the other
experiments.

Detection of PVY was performed by DAS-
ELISA (Double Antibody Sandwich-Enzyme linked
Immunosorbent Assay) according to (Clark and Adams
1977).

Several parameters were recorded, infected percentage,
survival percentage, growth %, elongation rate, virus
free plant %. All recorded data were the mean of two
experiments. All statistical interpretations were done
using SPSS Program by Completely Randomized Block
Design at 1%.

One week after of the initial culture, observed results
illustrated that the infection percentage was very low
(less than 5%), no browning explants was observed, and
growth percentage was very high (more than 95%) in
explants cultured from two Potato cultivars.

After 30 days of culture, shoot tips burst and
developed to give one shoot 7-10cm in length. Plant
samples were transferred from initial culture stage to the
propagation medium to increase the number of shoots
which came from rose-ends culture of the tubers of two
potatoes varieties (Binella and Burren). All obtained
explants tested by ELISA were infected by PVY.

The meristems in different lengths (100-200-300 ym)
were excised from in vitro shoots obtained from initial
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culture of PVY infected two cultivars of potato (Binella
and Burren).

Results showed that the meristem’s (100 um) in
length gave the highest rate of virus-free plants (56% in
Burren and 69% in Binella), while the length (300 ym)
gave the lowest rate (19% Burren and 25% Binella)
(Table 1). Responses of Potato genotypes to therapies
were significantly different. Our results agreed with the
observations obtained by (Hidayat and Erkol 2004) in
the production of virus-free plants from several cultivars
of potato (Granola, Pasinler 92 and Caspar). The % of
virus free plants obtained were 40% in Granola, 41.6%
in Pasinler 92, and 33.3% in Caspar respectively. Similar
results were reported by (Nasir et al. 2010), when
meristem-tips were excised and cultured alone without
any treatment from several cultivar of potato (Desiree,
Cardinal, Diamont and Sante).

Elongation rate was obtained by using meristems
(300 ym) in length (9.90cm) in Burren and (9.6cm) in
Binella after 60 days while the use of explants (100 4m) in
length gave the lowest elongation rate (5.4 cm) in Burren
and (4.9 cm) in Binella (Table 1). But the risk of infection
by the virus also increases with explants size.

This failure to invade the meristem is due to: High
auxin concentration in meristematic cells, competition
for nutrients enzymes for virus replication, Active
metabolic process which is not suitable for virus
multiplication, action of growth regulators (Cytokinins),
presence of inhibitors (Phenolamines), and metabolic

Table 1.
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disruption of enzymes necessary for viral replication,
RNA degradation (Wang et al. 1980). The efficiency
of therapies depends greatly on kind of virus, the
genetic background of a potato cultivar and the virus
concentration in the parent stock (Vinayak et al. 1999).

Similar results were reported by the International
Potato Center (CIP) in (1993) which showed that Binella
has a Medium to high resistance to PVY and Burren has
fairly good resistance to PVY. Long and Cassells (1984)
reported that the larger meristem length gave the higher
percentage of survival and shoot development than
smaller ones.

The indexing Results showed that the highest rate of
virus-free plants was achieved by using meristem 100 ym
in length, after heat-treatment (75% in Burren and 81%
in Binella) while in meristem 3004m in length, the
lowest rate of free-virus plants was obtained (56% in
Burren and 69% in Binella). (Table 2).

Our results after 40 days did not agree with that
obtained by (Faccioli and Rubies-Autonell 1982);
where they eliminated PVY from in vitro potato plants
by using 35°C for periods ranging from 16 to 27 days.
So the duration of heat treatment should be decided
judiciously, the excessive exposure to high temperature
may adversely affect the plant tissues. Similar results were
reported by (Luciana et al. 1993) when they submitted
the infected in vitro plants for 40 days to temperature of
37+2°C.

The basic principle of heat eradication of viruses is that

Effect of meristem’s length on the survival, growth and % of infected plants of in vitro Potato plantlets of Binella and Burren.

Meristem’s length Meristem survival rate (%)

Mean shoot length (cm) after 60 days

Infected plants %

(pm) Burren Binella Burren Binella Burren Binella
100 88¢ 86¢ 5.40°¢ 4.90¢ 44¢ 31°
200 100° 94° 7.70° 6.60° 564 38®
300 100* 100* 9.90° 9.60° 81f 75¢
LSD= 1.59 1.41 2.044

Three lengths of Meristem (100-200-300 ym) were excised from virus-infected plants under a binocular dissection microscope and cultured under

aseptic conditions on meristem medium, The cultured meristems were transferred every 20 days to a new initial medium.Responses with the same

letter are not significantly different at p=0.01 by ANOVA test.

Table 2. Effect of Thermotherapy on the survival, growth and % of infected plants of in vitro plantlets of Binella and Burren.
Meristem’s Meristem survival rate % Mean shoot length (cm) Infected plants %
Treatment after 60 days
length (um)
Binella Burren Binella Burren Binella Burren
100 88 88° 5.20¢ 5.60° 19° 25°
Thermotherapy 200 94° 94" 7.70 8.00° 25° 31°
300 100? 100° 9.80° 10.40* 31¢ 44¢
100 86¢ 88° 4.90¢ 5.40% 31¢ 44°
Control 200 94° 100° 6.60" 7.70° 38¢ 56
300 100? 100° 9.60* 9.90* 758 81"
LSD= 1.59 1.41 2.044

In vitro virus-infected potato plants of cv Binella and c¢v Burren were submitted. for 40 days to temperature of 37£2°C under a high intensity
continued light (5um-m~2S™"). Apical meristem tips in different length (100-200-300 um) were excised in sterile conditions and transferred to glass
tubes with 12.5 ml of meristem medium.Responses with the same letter are not significantly different at p=0.01 by ANOVA test.
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at the temperatures higher than normal many viruses
in plant tissue are partially or completely inactivated
with little or no injury to the host tissues (Baker 1962).
At elevated temperatures, synthesis of viral ssRNA and
dsRNA is disrupted. It has also been suggested that coat
proteins, which are involved in cell-to-cell movement
of viruses through plasmodesmata and long-distance
movement through the plant vascular system, may also
play a role in the effectiveness of heat therapy for virus
elimination (Kassanis 1957; Quak 1977).

The lowest elongation was noticed by using meristem
(100 ym) in length (5.6cm) in Burren and (5.2cm) in
Binella, but the highest elongation was achieved by using
the length (300 ym) (10.4cm) in Burren and (9.8cm) in
Binella.(Table 2).

The highest numbers of virus-free plantlets were
obtained from the Ribavirin’s concentration (30 mgl™")
combined with the meristem 100 ym in length (87% in
Binella and 82% in Burren), and similar percentages
(87% in Binella and 81% in Burren) were achieved when
the Ribavirin’s concentration 20mgl™' was added to
the meristem’s medium and combined with meristem
100 ym in length. These percentages were decreased
to 50% in Burren and 56% in Binella when ribavirin’s
concentration (10mgl™") was added with the meristem
300pm in length (Table 3). Similar results was reported
by (Gudmestad et al. 1985) when he added the ribavirin
(20mgl™") to the meristem’s medium. These results did
not agree with that recorded by (Gianni 2002) when he
added the Ribavirin (50 mgl™') to achieve the highest
percentage of free-virus plants.

Although the same percentage of free-virus plants
was obtained by adding Ribavirin concentrations
(20-30mgl™"), but the shoots grown in the meristem’s
medium contained ribavirin (30mgl™') showed

yellowish color and weak growth due to the fact that
ribavirin may cause death of some meristems or slow
down the cellular metabolic processes (Faccioli 2001)
but the plantlets obtained from ribavirin-supplemented
media (30mgl™!) were later developed normally,
when they were taken out of the concentrations of
many antiviral chemicals that are required during
chemotherapy to inhibit virus multiplication. Those
concentrations are very close to the concentrations which
are toxic to host plant.

This substance (Ribavirin) has a broad spectrum of
action against DNA or RNA viruses infecting human,
animals (Sidwell et al. 1972) and plants (De Fazio et al.
1980; Dawson and Lozoya-Saldana 1984; Dawson 1984)
also ribavirin inhibits RNA-capping enzyme leading to
inefficient translation of mRNA.

The highest elongation achieved when we used the
size (300 pym) in the lowest concentration of ribavirin
(10mgl™") (7.8cm) in Burren and (6.5cm) in Binella,
while the usage of the size (100um) in the highest
concentration of ribavirin (30mgl™!) gave the lowest
elongation (1.9cm) in Burren and (1.5cm) in Binella.
(Table 3).

The results showed that the treatment with 15mA for
10min and combined with meristem 1004m in length
gave the highest number of PVY virus-free plantlets
(93% in Binella and 87% in Burren), but The rate of
virus-free plantlets decreased to 62% in Binella and
57% in Burren when the treatment was 15mA for 5min
combined with meristem (300 ym) (Table 4 and Table 5).
Present results agreed with the findings of (Mahmoud
et al. 2009) showing that high electric current (15mA)
for (10min) has more affectivity for virus elimination
under in vitro condition. Efficiency of 60 to 100% were
reported for electrotherapy in the production of virus-

Table 3. Effect of Chemotherapy on the survival, growth and % of infected plants of in vitro plantlets of Binella and Burren.
Meristem’s Meristem survival rate % Mean shoot length (cm) Infected plants %
Treatment after 60 days
length (um)
Binella Burren Binella Burren Binella Burren
Ribaviri 100 87¢ 88 4.338 4.858 19° 25¢
fhavirii 200 94¢ 100° 5.500f8 7.30b 25¢ 31¢
10mgl ) d Y c
300 100° 100° 6.50b¢ 7.80 44 508
Ribavir 100 93¢ 88¢ 2.10" 2.33h 13 19°
favirn 200 96 94¢ 5.07% 5.574% 19b 25¢
20 mgl b bed be d
300 96 94¢ 6.43%d 7.67% 25¢ 30
Ribavir 100 75" 828 150" 1.90" 13° 19°
fhavirn 200 914 88¢ 4238 493t 18 25¢
30mgl b def be d
300 97 93¢ 6.30%% 7.40% 25¢ 30
100 86" 88° 4.90% 5.40%f 44° 314
Control 200 94¢ 100° 6.60" 7.70% 38°¢ 56"
300 100° 100° 9.60° 9.90° 75! 8
LSD= 1.59 1.41 2.044

Different Ribavirin concentrations (10-20-30mgl™") were added to the meristem culture media. The apical meristem tips in different length (100~
200-300 ym) from two cultivars were excised in sterile conditions and transferred to glass tubes with 12.5ml of meristem medium with Ribavirin.
Responses with the same letter are not significantly different at p=0.01 by ANOVA test.
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free plantlets from potato plants with a single infection
of PVX (Lozoya et al. 1996). The efliciency of therapy
was reported to be three to five times higher for
electrotherapy in comparison with meristem culture
(Lozoya et al. 1996; Meybody et al. 2011).

The success of electrotherapy in producing virus
free plants depends upon both plant regeneration and
virus elimination rates. The shoot elongation mean was
improved by exposing shoots from Binella and Burren
cultivars to electrotherapy treatment (Table 4). It was
demonstrated that regeneration of Potato plant tissues
could be improved by exposing explants to mild electric
currents of 5 to 10mA for 5 to 10min (Lozoya et al.
1996).

Previous studies have shown that exposing plant
tissues to electricity increases the temperature inside
the cells. Denaturation of the protein moiety of virus
particles may occur by increasing the temperature of
the cells (Conzalez et al. 2006). It was noticed during
the treatment that the temperature of potato stems was
raised about (4 to 10°C), this temperature may suppress

K. AlMaarri et al.

the viral activity but not inhibit the plant metabolism
according to (Lozoya et al. 1996). Therefore, it has been
suggested that denaturation of viral particles may occur
during transport through the plasmodesmata in the
apoplastic space. Inactivation of specific nucleoprotein
structures leads to blockage, which prevents further
penetration of virus particles to healthy cells (Gonzalez
et al. 2006; Bayati et al. 2011). Also it was suggested that
the stem sap pH may be changed after electric shock
treatment, which may has a role in the inhibition of virus
replication (Goldsworthy 1987; Retivin and Opritov
1992; Helliot et al. 2007).

The highest elongation was noticed after the treatment
with 15mA for 10 min when we used the size (300 ym)
(10.6cm) in Burren and (10.2cm) in Binella, while the
lowest elongation achieved after the treatment with
15mA for 5min combined with meristem size (100 ym)
(5.50 cm) in Burren and (5.10 cm) in Binella (Table 4).

In conclusion, the different methods of therapies
investigated were improved considerably the elimination
of PVY from in vitro grown shoots of potato combined

Table 4. Effect of electrotherapy on the survival, growth and % of infected plants of in vitro plantlets of Binella and Burren.
Meristem’s Meristem survival rate % Mean:;tlz):)é(l)egag;? (em) Infected plants %
Treat: t
reatmen length (um)
Binella Burren Binella Burren Binella Burren
Electroth 100 86¢ 82° 5.10f 5.50%f 18° 234
ectrot 1erapy 200 88¢ 88¢ 6.20<4ef 6.90"¢ 25¢ 29¢
15mA/5min b c
300 88°¢ 94 10.10° 10.43* 38 438
Electroth 100 75 75 5.50%f 5.80%f 7t 13
ecrotierapy 200 86¢ 88¢ 7.30% 7.45% 13° 17¢
15mA/10 min b B
300 94 100* 10.20° 10.60* 19¢ 24
100 86¢ 88° 4.90° 5.40° 448 31°
Control 200 94° 100° 6.60< 7.70 38f 56"
300 100° 100° 9.60° 9.90° 75! 81
LSD= 1.59 141 2.044

In vitro virus-infected plantlets fixed in the electrophoresis chamber containing NaCl solution (1N), then the electric current was applied, the
amount of current and time duration applied were: 15 miliampers (mA) for 5 and 10 min. After the treatment, the apical meristem tips were excised in
different lengths (100-200-300 #m) under sterile conditions and transferred to glass tubes with 12.5 ml of meristem medium.Responses with the same

letter are not significantly different at p=0.01 by ANOVA test.

Table 5. Variations of infection rates with the virus PVY according to meristem lengths and treatments.
Meristem length 100 um 200 um 300 um
Cultivars Burren Binella Burren Binella Burren Binella
Treatment

Control 44.00" 31.00% 56.00% 38.00%" 81.00°™ 75.00°!
Ribavirin 10mg1~! 25.00% 19.00% 31.00% 25.00% 50.00% 44.00%
Ribavirin 20mg1~! 19.00% 13.00% 25.00° 19.00% 30.00% 25.00%
Thermotherapy 25.00% 19.00% 31.00% 25.00% 44.00% 31.00%
Electrotherapy 23.00% 18.00% 29.00° 25.00% 43.00% 38.00%"

15mA/5min
Electrotherapy 13.00 7.00% 17.00% 13.00% 24.00" 19.00%

15mA/10min

LSD=2.044

*(a and b) designate a significant difference between the varieties. **(c,d,e,f,...,etc.) designate a significant difference between the

varieties‘treatment' meristem lengths at P=0.01 by ANOVA test.
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with meristem culture. The best treatment was the
electric chock with 15mA for 10 min and combined with
meristem culture. Electrotherapy is technically simple,
fast, less costly and more effective than other techniques
for eliminating virus PVY in Potato. The technique
developed in this study can be useful for the production
of virus free Potato germplasm, or nucleus seed stock in
potato plants.
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