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Abstract:  Hop stunt viroid (HSVd) was detected in several pear and peach trees collected during

summer season by RT-PCR and molecular hybridization assays.  Hop stunt viroid disease was very

severe in summer; however, the multiplication of viroid decreases drastically in winter.  In this study,

the shoots cut from Prunus persicae cv. Florida prince and Pierre corneille  cv. Balady infected plants

treated by cold therapy, thermotherapy and/or chemotherapy was used successfully to eliminate Hop

stunt viroid. Results demonstrated that application of 10 to 20 mg/L Virazole® followed by cold

therapy for 30 days at 4°C in vitro gave a survival rate of 63 and 75% for pear and peach

respectively. The presence of viroid  in recovered plants was evaluated by tissue print hybridization

technique. In vitro cold therapy combined with chemotherapy using shoot tip culture eliminates HSVd

from infected peach and pear trees and reduces the risk of introducing this pathogen to Egypt. 
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INTRODUCTION

Hop stunt viroid is one of a group of the smallest self-replicating RNAs pathogenic to plants; it is a

covalently closed circular single-stranded RNA consisting of 297 nucleotides (Ohno et al., 1983). The

Occurrence of Hop stunt viroid (HSVd) is almost as wide spread, particularly when the incidence of its distinct

isolates in other crops is taken into account. There are strains of HSVd in citrus, grapes, stone fruit and

cucumber which have been detected in Europe, Asia, North America, Australia and the Middle East. HSVd

in Apricot has been recently reported from Jordan and Syria (Ismaeil et al. 2001). A recent survey in Turkey

revealed the presence of HSVd in plum, peach and apricot with incidence level of 20%, 60.9%, and 85.8%

respectively. Although HSVd is latent in apricot, this host could  represent a natural reservoir from which the

viroid can potentially be transmitted to other susceptible host crops, including peach and pear trees.

Among the prevalent tissue culture techniques of agricultural and horticultural promise, nodal cuttings has

exploited at a much wider scale primarily due to their application in diverse areas such as rapid clonal

multiplication of vegetatively propagated crop plants, viroid elimination, germplasm preservation of both

vegetatively and seed propagated crops (Nehra and Kartha, 1994 and Faccioli and Marani, 1998).  To prevent

or reduce negative effects caused by the viroid, it is necessary to use viroid-free planting material which can

be obtained by elimination of the pathogen from infected plants by cold therapy (Morton et al., 1993) and

chemotherapy that commonly used for elimination of viroid from other hosts.  Momma and Takahashi, (1983)

eliminate HSVd from hop plants followed by cold treatment at 10 �C for 1-4 months.

The results presented in this paper aims to evaluate the efficiency of the different therapeutic operation

in vitro for HSVd elimination in peach and pear trees.

MATERIALS AND METHODS

Plant Materials:

Peach (Prunus persicae) cv. Florida prince and pear (Pyrus communis) cv. Balady trees showing virus and

virus-like symptoms collected from Agriculture Research Centre (ARC), Giza governorate, Egypt during
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summer season (2007-2008) were biologically indexed on cucumber plants cv. beit alpha and also examined

by RT-PCR and tissue print hybridization for the presence of HSVd.  The infected trees which gave positive

results for HSVd were used for viroid propagation by grafting into healthy peach and pear plants.

RT-PCR:

Total RNAs were extracted from fresh leaves of grafted pear and peach seedlings as well as healthy ones

using the Total RNA Isolation Reagent (TRIR, ABgene®) Cat. No. (AB-0304).  Hop stunt viroid primers,

H S V d  ( + )  5 ' -  C T G G G G A A T T C T C G A G T T G C C G C A - 3 '  a n d  H S V d  ( - )  5 ' -

AGGGGCTCAAGAGAGGATCCGCGGCA-3' were designed according to the nucleotide sequences of hop

stunt viroid published in National Center for Biotechnology Information (NCBI), GenBank accessions

EU931258 (Hop stunt viroid isolate HSVd-IIa, Mohamed et al., 2008 ), EU365356 (Hop stunt viroid clone

5hsvdh5-1, Guo et al., 2008), EU647233 (Hop stunt viroid isolate sh-ay-01, Zakiaghl and Izadpanah 2008),

and EU872277 (Hop stunt viroid isolate HSVd (E117), Bani Hashemian et al., 2008) to amplify the full length

genome of HSVd.  The primers were bought from metabion international AG, Lena Christ-strass.  First strand

cDNAs were synthesized in a 25 ìl reaction containing 10 ìl of total RNA (~2 ìg), 2.0 ìl of 10X RT-buffer

2(50 mM Tris-HCl (pH 8.3), 50 mM KCl, 10 mM MgCl , 10 mM dithiothreitol, 0.5 mM spermidine), 2.0 ìl

of 10 mM each of dNTP, 1 ìl of ribonuclease inhibitor (40units) “Amersham International, Cleveland”, 1 ìl

of 30 units of AMV-RT enzyme (Roche), and 1 μl of each antisense primer separately. The RT reactions were

carried out with AMV reverse transcriptase (Roche) and subsequent PCR amplification was done by using Taq

DNA polymerase (Roche). PCR cocktail included: 2.5 ìl of the reverse transcription products, 2.5 ìl of 10x

4 2 4 2)buffer (166 mM (NH ) SO , 670 mM Tris-HCl at pH 8.8, and 0.1% Tween 20 containing 2 mM MgCl , 0.5

ìl of  10 mM each of dNTP, and 25 pmol of each primer in a total volume of 25 ìl.  The cDNAs were

amplified for 35 cycles of 94 °C for 1 min, 50°C for 1 min, and 72 °C for 1 min, with a final extension at

72 °C for 7 min.  All PCR reactions have been optimized using a technique developed by Cobb and Clarkson,

2(1994) using different concentration of, cDNAs, MgCl , dNTPs and primers in order to obtain the best

amplification of PCR products.

Tissue-printing Hybridization:

Leaf petioles from grafted peach and pear orchards were cut by a sterile scalpel and printed directly three

times on three separate sheets of nitrocellulose membranes (0.45ìm).  In order to denature the nucleic acids

before hybridization process, the membranes were placed side up on 0.5 N NaOH saturated 3MM paper and

left for 5 min at room temperature. Then the membrane was placed on 3MM filter paper saturated with 1M

Tris pH 7.4 in another tray and left for 5 min with agitation. Then, the nitrocellulose membrane was placed

on a new filters saturated with 2x SSC and left for 5 min at room temperature and transferred to another filter

saturated with 95% ethanol. Finally the membrane was air dried and cross linked with UV at 2.500 m

Joules/cm²C for 3 min.

Production of Proliferation Clumps:

Shoot tips (10 cm-long) of infected peach and pear plants were collected at the beginning of sprouting in

early spring (in April ) in which short segments of each petiole were left attached to the stem covering the

auxiliary bud. Segmented shoots were sterilized with 20% sodium hypochlorite and washed three times, then

placed on Murashige and Skoog (1962) semisolid media supplemented with 0.5 and 1.5mg\L BA for starting

and shooting respectively, 0.4 NAA mg/L for rooting and 3% sucrose. Segmented shoots were subcultured

every one month at 24ºc ± 1c for 16 h. and 5000 Lux photoperiod. Only highly proliferating segmented shoots

were selected and transferred to fresh medium. The plantlets became ready for application of therauptic

treatments.

Cold Therapy Treatment:

The cold treatment was applied to the plant material micropropagated in vitro on modified M.S. medium.

The shoot proliferation were pruned and placed in a growth chamber at 4°C for 1-3 months at 16-h

photoperiod and 5000 Lux. After the variable periods of cold treatment, the apical part of the axis about 1-2

mm in length was transferred to a fresh medium (M.S.) and returned to the 25°C growth chamber. 

Chemotherapy:

Antiviral substances:

Ribavirin (1-B-D- ribofuransyl - 1, 2, 4- triazole caboxamide,Virazole®) and thiouracil were used at

different concentration in order to determine the efficiency and appropriate concentration to eliminate HSVd.
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Chemotherapy and Phytotoxicity:

To monitor the phytotoxic effects of Virazole® and thiouracil, MS medium were supplemented with 10,

20 and 30 mg of both Virazole® and thiouracil per liter of media. After one month regenerated shoots were

transferred to an MS medium without Virazole® or thiouracil.  The phytotoxic effect was evaluated based on

plant growth (viability, survival rate and mortality).

Combined Treatment:

Cold therapy and chemotherapy combination was carried out by subjecting in vitro micro propagated

shoots to 4 ºC for one month on medium containing 20 mg/L Virazole®. After 30 days shoots were transferred

on fresh antiviral free medium.

Plant Regeneration:

Shoots produced at the end of each treatment were transferred onto multiplication and then rooting MS

medium containing active charcoal to induce roots as mentioned before.

HSVd Screening:

HSVd content was checked on surviving shoots by tissue print hybridization using HSVd-specific DNA

probe. The eradication rate (ER) was calculated for each treatment as follows:

   Number of HSVd negative in vitro plants

ER (in vitro)=  )))))))))))))))))))))))))))))))  ×100

         Total number of tested plants

RESULTS AND DISCUSSION

Detection of HSVD in Infected Peach and Pear Trees:

Total RNAs isolated from  HSVd –infected peach and pear trees were reverse transcribed by AMV

enzyme reverse transcriptase and minus-sense primer HSVd (-) as reported under the Materials and Methods.

The resulting complementary DNA (cDNA ) was amplified by PCR after adding each specific primers  which

used to increase the specificity  of HSVd detection.  The obtained results demonstrated the successful detection

of HSVd by amplification of the unique 300 bp which reported the accuracy of HSVd  identification in RT-

PCR assays Fig.(1).

Fig. 1: 1.5 % agarose gel electrophoresis showing RT-PCR products amplified from total RNAs extracted

from Peach leaves (lanes 1 &2) and Pear leaves (lanes 3 & 4 and 5) infected with HSVd using

primers HSVd (+)  and HSVd (-).  Lane 6: negative control (No DNA template included in the PCR

cocktail). Arrow indicates the location of the amplification products (~ 300 bp).  M: DNA molecular

weight marker (100 bp ladder) is indicated on the left. 

Shoot Survival and Viroid Elimination:

All shoots of peach and pear which were exposed to 37�C for 3weeks, were 100 % survived

thermotherapy. While all shoots were exposed to cold therapy at  4�C for 1, 2, and 3 months, the survival rate

was 70, 63, and 25 % for peach and 78, 60, and 31 % for pear shoots respectively (Table 1 & Fig. 2B & 3B).

Application of Virazole® and thiouracil antiviral compounds individually into MS medium at concentrations

(10 and 20 mg/L) enhanced growth differentiation of the propagated shoots. While 30 mg/L of either antivirals
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decrease the development of micro propagated shoots and had a deleterious effect on the regeneration and

growth of the propagated shoots (Table 1 & Fig. 2B & 3B). Virazole® proved to be somewhat phytotoxic to

pear and peach plantlets but this effect disappeared gradually 15 days after culture and the plantlets reversed

to green color. Shoots showed chlorophyll breakdown, apex necrosis and inhibition of regeneration. The

percentages of pear shoot survival by using Virazole® were 80, 77 and 45% and for peach shoots were 72,

70 and 35%. In case of thiouracil, the percentages of survival were 65, 60 and 20% for pear shoots and 55,

40 and 17 % for peach shoots as shown in Fig. 2B & 3B &Table (1).

Tissue print hybridization method was applied to evaluate the effect of thermotherapy, cold therapy and

chemotherapy in vitro on eliminating HSVd from peach and pear fruit trees. The efficiency of the both therapy

methods are shown in Table (1).  Thermotherapy in vitro was not an efficient method for obtaining HSVd-free

peach and/or pear plants. On the contrary, cold therapy at 4�C for 1, 2, and 3 months induce HSVd-elimination

from infected plantlets by 5, 12, and 18%  for peach and pear respectively (Fig. 2C & 3C Table 1). The effect

of chemotherapy varied and depended on concentration of Virazole® and thiouracil used.  Incorporation of

Virazole® in culture medium at concentrations of 10, 20 and 30 mg/L progressively increased the percentage

of viroid-free pear plantlets to 15, 35 and 40 %, while viroid-free peach plantlets was 18, 33 and 41%

respectively (Fig. 2B & 3B & Table 1). Concerning Thiouracil effect on the percentage of viroid-free plantlets,

the results indicated that the percentage of viroid-free plantlets increased by increasing thiouracil in culture

medium. These percentages were 10, 25 and 30% in pear plantlets and 10, 12 and 18% in peach plantlets. 

Table (1). The percentage of survival and HSVd free plant materials treated with thermotherapy, Cold therapy and chemotherapy In vitro.

Therapeutic treatment Peach Pear

---------------------------------------------------------------- ------------------------------------------------------------------

*Shoot Survival (%) * HSVd elimination (%) *Shoot Survival (%) *HSVd elimination (%)

Thermotherapy

37�C/3weeks 100 0 100 0

Cold therapy

4�C/ 1 month 70 5 78 5

4�C/ 2 months 63 12 60 12

4�C/ 3 months 25 18 31 18

Chemotherapy

Virazole®

10 mg/L 72 18 80 15

20 mg/L 70 33 77 35

30 mg/L 35 41 45 40

Thiouracil

10 mg/L 55 10 65 10

20 mg/L 40 12 60 25

30 mg/L 17 18 20 30

Combination

20 mg Virazole® /L

at 4�C/ 1 month 63 40 75 40

 *The percentage was calculated from total 40 plant materials. N.B. The results were confirmed by tissue print hybridization.

So, our conclusion that the Virazole® has the greatest effect on viroid elimination. As the percentages of

viroid-free was more than that obtained when using thiouracil. 

Influence of Chemotherapy and Cold Therapy:

Results concerning the combination between cold therapy and chemotherapy by subjecting the infected

shoots to 4�C for 1 months and incorporated Virazole® by concentration 20 mg/L, produced 75 and 63%

survival for pear and peach respectively while the percentage of viroid free was 40 % for pear and peach.

Discussion:

Production of viroid-free plants requires the use of sensitive diagnostic methods to detect the viroid

presence at a low concentration in plant tissue. A rapid, sensitive and low cost method to test a large number

of samples is desirable at the beginning of obtaining healthy material. For this first step of diagnosis the

molecular hybridization is sufficient but RT-PCR can be used for more accurate and confirmed results.  Mortan

et al., (1993) invistigated the detectability of hop latent viroid (HLVd) in field-grown hops in the UK using

dot-blot hybridization. The viroid was readily detected in all aerial tissues in the second half of the growing

season but it could not be detected very early in the season.  Both dot-blot and in situ hybridization failed to

detect HLVd in shoot tips taken from plants grown at  10 �C and 15 �C.  However, our results indicated that

HSVd was detected  using tissue print hybridization in peach and pear plants either in vivo or in vitro treated

plantlets.
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Fig.2: In vitro propagation of healthy and HSVd-infected pear cv. Balady .

A-Starting and multiplication stage.

B-Treatment with Virazole® and thiouracil (10, 20 and 30mg/L).

C-Effect of cold therapy at 4�C.

D-Effect of thermotherapy at 37�C.

E-Subculture of treated pear.

Fig. 3: In vitro propagation of healthy and HSVd-infected peach plantlets

A-Starting and multiplication stage.

B-Treatment with Virazole® and thiouracil (10, 20 and 30mg/L).

C-Effect of cold therapy at 4�C.

D-Effect of thermotherapy at 37�C.

E-Subculture of treated peach.

The obtained results demonstrated the successful detection of HSVd from peach (Prunus persicae) cv.

Florida prince and pear (Pyrus communis) cv. Balady trees by amplification the unique 300 bp which reported

the accuracy of HSVd identification in RT-PCR assays. These results were in agreement with (Kusano and

Shimomura, 1997; Amari et al., 2000; Onelge 2000; Gazel and Onelge ,2002; Ramachandran et al., 2003;

Matousek et al., 2005; Zhou et al.,2006; Kunta et al.,2007; Yang et al.,2007).
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Plants free from Hop latent viroid (HLVd) were obtained from infected material by culturing meristems

cut from hop plants that had been kept at 2-4 �C for periods of 8-21 months (Adams et al.,1995). Low-

temperature treatment of plants before excising the meristems is one of the methods used for elimination of

viroids from diseased plants (Lizarraga et al., 1980, Paduch and Kryczyñski, 1987). The method is

recommended for viroids which are resistant to high temperature (PSTVd, CSVd, HLVd). Adams et al., (1996)

have tested different periods of low temperature therapy in order to eliminate HLVd from infected hop plants.

The highest number of HLVd-free plants was obtained from plants kept at low temperature for eight months,

whereas very long cold treatment, up to 21 months, resulted in the lowest recovery of healthy plants.

Our results was in agreement to that obtained by Grudzinska et al., (2006) which showed that the cold

treatment of plants for one month was sufficient for successful elimination of HLVd from infected plants.

Moreover, good results in freeing plants from HLVd were also obtained when the meristem tips were sampled

from plants grown in the field in early spring ,i.e. in April, which indicates that the cooling of tested plants

during winter had an effect similar to that of cold treatment under artificial conditions.   It seems that the most

important factor for effectiveness of HLVd elimination was a very early growth stage of plants prior to

excision of meristems. It is possible to isolate meristems from the first sprouting shoots resulted in a high

percentage of HLVd-free hop plants because the period from the end of plant cooling to meristems excision

was too short to allow the pathogen to spread in plants.  Moreover, Matousek et al., (1995) has shown that

the low level of HLVd in stem apex of young plants was correlated with high activity of a nuclease degrading

double-stranded (ds)RNA. During plant growth the concentration of HLVd in shoot tips increases, which causes

difficulties in efficient elimination of viroid from older infected hop plants.

A wide range of HLVd elimination efficiency with respect for different hop cultivars was also achieved

by Patzak and Matousek (1999), however, the percentage of healthy plants was very low (2.4–10.7%). The

differences were also influenced by the time of shoot tip sampling. The authors suggested that the optimum

time for isolation of meristem tips from plants was at the end of May and the beginning of June however, our

results indicated that HSVd can be more effectively eliminated if shoots are isolated very early in the season,

at the beginning of plant sprouting. The results obtained from the current study revealed that HSVd can be

efficiently eliminated from infected peach and pear plants by in vitro cold therapy and/or cold therapy

combined with chemotherapy. It should be stressed that maintenance of special precautions during the work

with healthy plants and their frequent testing are very important for success. Antiviral compounds are too

closely linked with normal metabolic processes in plants further some of substances that inhibit viroids  appear

to be phytotoxic or cause mutation in treated plants.

In conclusion, shoot tip tissue culture and chemotherapy are not efficient techniques for HSVd eradication

from peach and pear fruit trees.  However, the cold thermo-therapy is time consuming. Therefore combination

of in vitro cold therapy, chemotherapy with shoot tip culture eliminates HSVd from infected peach and pear

trees  and  seems  to  be  an attractive and alternative tool to reduces the risk of introducing this pathogen

to Egypt.
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