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Abstract: Two isolates of Hop stunt viroid (HSVd) were characterized from naturally infected peach

and pear trees during summer season (2007-2008) in Egypt. The two isolates of HSVd were biologically

indexed using healthy peach and pear seedlings under insect proof greenhouse. Total RNAs were

extracted from peach and pear leaves and used for reverse transcription-polymerase chain reaction (RT-

PCR). About 300 bp DNA fragment was amplified from the samples by RT-PCR using HSVd (+) and

HSVd (-) specific primers. Fifty-nine pear trees and forty-six peach samples showing stunting, yellowing

and leaf blistering were analyzed for the presence of HSVd using tissue print hybridization. The

reactivity of HSVd Dig-labeled probe varied from strongly positive, moderately positive and weekly

positive reaction with infected samples. Magnified pictures of pear and peach tissue prints indicated that

HSVd is phloem restricted as shown from the vascular tissues colored with purple hybridization signals.

The percentages of positive infection was 93% in the total collected samples.
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INTRODUCTION

Hop stunt viroid (HSVd) belongs to the genus Hostuviroid, family Pospiviroidae is a circular single-stranded

RNA of about 303 nt in size. Hop stunt viroid (HSVd) has a wide range of hosts including hop, cucumber,

grapevine, citrus, plum, peach, pear (Shikata, 1990) and, recently, apricot and almond (Cañizares et al., 1999).

HSVd was first described as the causal agent of hop stunt disease in Japan and has since been found in several

plant species, particularly in fruit. The infection seems to be latent in some hosts such as grapevine (Shikata,

1990; Polivka et al., 1996) and apricot (Astruc et al., 1996). In other cases, specific disorders such as hop stunt

(Shikata, 1990), dapple fruit disease of plum and peach (Sano et al., 1986) and citrus cachexia (Semancik et al.,

1988) have been associated with HSVd infection. Tissue-print hybridization (TPH) was used for the detection

of PLMVd and HSVd (Pallás et al., 2003) in the leaves collected from 170 apricots, 128 peaches, 87 cherries,

86 plums, 35 almonds, and 25 myrobalans. RT-PCR was used to confirm tissue printing hybridization (Amari

et al. ,2000 , Zhou et al.,2006). The aim of this study was to detect Hop stunt viroid (HSVd) in Egyptian Peach

and Pear trees by biological indexing, tissue-print hybridization and reverse transcriptase- polymerase chain

reaction RT-PCR.

MATERIALS AND METHODS

Sample Collection:

Shoot tips of 59 pear and 46 peach trees were collected in the four directions of naturally infected trees from

Horticulture Institute, Agricultural Research Center, Giza, Egypt during summer season. Some of these trees

showed virus-like symptoms and the others were symptomless. The infected samples were collected using sterile

scalpels, plastic bags for each tree, disposable tools and 1% sodium hypochlorite solution. Leaves were separated

from bud stick, washed from sandy dust and stored in an ice box.



Aust. J. Basic & Appl. Sci., 4(1): 19-26, 2010

20

Biological Indexing of HSVd:

Cucumber plants cv. beit alpha were mechanically inoculated with HSVd infected crude sap extracted from

peach and pear trees. Controls of corresponding seedlings were inoculated with the extraction buffer alone (0.02

M phosphate buffer pH 7.2 containing of 0.3% mercaptoethanol according to El-Dougdoug et al. , 1998). The

inoculated seedlings were kept under insect –proof greenhouse. Symptoms were observed up to 4 weeks. All

plants were checked by tissue print hybridization technique.

Grafting Transmission:

Bark tissue (buds) from young shoots of the infected peach and pear trees were side grafted on healthy peach

and pear seedlings GF305. Inoculated root stocks and scions were tied together with plastic strips. Two to three

months later, external symptoms were observed for all grafted plants. All plants were examined by tissue print

hybridization technique.

Molecular Detection:

Reverse Transcription and Polymerase Chain Reaction (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, HSVd

(+) 5'- CTGGGGAATTCTCGAGTTGCCGCA-3' and HSVd (-) 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 (50 mM Tris-HCl (pH 8.3), 50 mM KCl, 10 mM

2MgCl , 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

4 2 4of the reverse transcription products, 2.5 ìl of 10x buffer (166 mM (NH ) SO , 670 mM Tris-HCl at pH 8.8, and

2 )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

2developed by Cobb and Clarkson, (1994) using different concentration of, cDNAs, MgCl , dNTPs and primers

in order to obtain the best amplification of PCR products. 

Hop Stunt Viroid (HSVD) Probe Preparation:

2.5 ml of HSVd clone kindly provided by (Rosemarie W. Hammond, United States Department of

Agriculture, Agricultural Research Service, Molecular Plant Pathology Laboratory , Plant Science Institute

2Beltsville, MD 20705);10x PCR buffer (B) with MgCl ; 10mM dig labeling nucleotides, 25 pm of HSVd (+)

primer (5 -CTG GGG AAT TCT CGA GTT GCC GCA-3 ) and 25 pm HSVd(-) primer (5 -AGG GGC TCA

AGA GAG GAT CCG CGG CA-3 ), 0.5μl Taq DNA polymerase (Roche) and the volume was completed to 25μl

with nuclease free water. The PCR parameters were as following: 94°C for 2 min for 1 cycle, followed by 35

cycles of 94 °C for 1 min, 45°C for 1 min, 72°C for 2 min, with a final extension cycle at 72°C for 7 min. The

DNA probe was boiled at 95°C for 5 min before adding to the hybridization buffer.

Gel Electrophoresis Analysis:

HSVd RT-PCR products and dig labeled probes were analyzed using 1% agarose gel electrophoresis at 60

V in TAE (40 mM Tris/acetate, 1 mM EDTA, pH 8.0) stained with ethidium bromide. After the electrophoresis

the gel tray was removed from the main unit and photographed using photo documentation system (Pharmacia,

Amersham).

Tissue-print Hybridization:

About 105 leaf petioles from peach and pear orchards were cut by a sterile scalpel and printed directly three

times on two 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
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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.

RESULTS AND DISCUSSION

Sample Collection and Viroid Indexing:

Naturally infected pear and peach fruit trees with typical symptoms of HSVd showed stunting symptoms,

leaf epinasty, mottling, leaf narrowing, yellowing and deformation and some other trees showed no symptoms

(Fig.1) were collected during the summer season (2007-2008) from the farm of Horticulture Research Institute,

Agricultural Research Center, Giza, Egypt and tested for the presence of HSVd infection by RT-PCR and tissue

print hybridization. The observed symptoms were severe during summer season while at winter season these trees

showed mild and latent symptoms. HSVd infected buds grafted on peach seedling GF305 and pear seedlings

showed vein clearing, vein banding, mosaic and rugisty (Fig.2).

Fig. 1: (A) Symptoms of Hsvd on naturally infected pear and peach trees in open field. (A) Blistering and

mosaic symptoms on pear leaves (B). Mosaic symptoms on peach leaves. 

Fig. 2: Symptoms appeared after grafting technique on peach seedling GF305
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Biological Indexing:

Cucumis sativus mechanically infected with the two isolates of HSVd (current study) showed mild mosaic

then severe mosaic and stunting after four weeks of infection (Fig.3 ). Cucumis sativus gave positive reaction

when tested by tissue printing hybridization using specific HSVd probe prepared during this study.

Fig. 3: Cucumber seedlings showing stunting symptoms after four weeks of inoculation with the two isolates of

HSVd (A) Peach isolate. (B). Pear isolate.

2.2.Detection of Hsvd by RT-PCR:

2.2.1.RNA extraction:

Total RNA was extracted from infected seedling of Pear and Peach plant leaves using Total RNA Isolation

Reagent (TRIR, ABgene®) Cat. No. (AB-0304) as described under materials and methods. The integrity and

quantity of the purified RNA were confirmed by UV Spectrophotometer and gel electrophoresis. The protocol

described under materials and methods was used successfully to isolate a high yield of total RNA (1.7 ng/0.05

g leaf tissues) from naturally infected Pear and Peach tissues.

2.2.2. RT-PCR amplification of (HSVd) and DNA probe preparation:

HSVd clone kindly provided by Rosemarie W. Hammond, United states, Department of Agriculture,

Agricultural Research Service, Molecular Plant Pathology Laboratory, Plant Science Institute Beltsville, MD

20705 was used for probe preparation by PCR as described under materials and methods. Fig. (4) showed agarose

gel electrophoresis of the amplified PCR products labeled with Dig-11-dUTP lanes (1&2) while lanes 3&4

showing the RT-PCR products amplified from peach and pear infected tissues (~300 bp). The arrow pointed to

the correct size (~320 bp) which revealed that HSVd DNA probe which successfully amplified from HSVd clone

and the RT-PCR of the full length Hsvd (~ 320 bp) from peach and pear infected trees. 
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Fig. 4: 1% agarose gel electrophoresis showing the amplified RT-PCR products of HSVd from infected peach

and pear leaves and the dig labeled probe of HSVd. Lanes 1&2. HSVd dig- labeled DNA probes of

correct size (~320 bp). Lanes 3 and 4 PCR products of correct size (~300 bp). M: 100 bp DNA ladder

(New England Biolabs).

2.1. Tissue print Hybridization:

One hundred and five leaf petioles were cross cut from Pear and Peach trees and printed directly on three

separate nitrocellulose membranes and hybridized with HSVd dig-labeled DNA probe. As shown in Fig. (5A &

6A) the Dig-labeled DNA successfully hybridized with naturally infected tissues of Pear and Peach.

Magnified pictures of pear tissue prints indicated that HSVd is phloem restricted as shown from the vascular

tissues colored with purple hybridization signals (Fig. 5B I, II & III). Healthy tissue prints showed no reaction

(Fig. 5B IV). Magnified peach tissue prints showed positive signals (Figs. 6B I, II, III and IV) while healthy

tissue prints showed no reaction (Fig. 6B V). The reactivity of HSVd Dig-labeled probe with fifty nine naturally

infected Pear trees using tissue print hybridization assay was very successful in HSVd screening among infected

samples. The percentages of infection which gave strong reactions were 20%, moderate reactions were 41%,

while the weak reactions were 32% and the negative reactions were 7%. The percentages of infection of HSVd

Dig-labeled probe with forty six naturally infected Peach trees in tissue print hybridization assay were 11% strong

reactions, 48% moderate reaction, while the weak reactions were 33% and negative reactions were 7%.

Discussion:

Diseased peach and pear trees showing typical symptoms caused by HSVd as described by Yaguchi and

Takahashi, (1985); Gazel and Onelge, (2002); Rizza et al., (2007) were collected from Horticulture Institute,

Agricultural Research Center, Giza, Egypt during summer season. HSVd infection usually not well identified

from external symptoms which indicates that it is difficult to identify infected trees, however HSVd detection

can be easily made either by cucumber bioassay, by tissue print hybridization or by RT-PCR. Detection of HSVd

in symptomless plants indicates that indexing by the three procedures revealed that Cucumber bioassay, tissue

print hybridization and RT-PCR were the most sensitive procedures. Our results were in agreement with that of

Habili et al, 1992. Cucumber seedling showed mild mosaic then severe mosaic and stunting after 4 weeks

infection period as reported by Sano et al., (1986). Cucumber plants were maintained under insect proof

greenhouse conditions for symptom expression for at least four weeks to allow enough incubation period for

HSVd infection. Also HSVd was transmitted by grafting on peach seedling GF305 and pear seedlings showed

vein clearing, vein banding, mosaic and rugisty which agreed with Alavi et al., (2005) and Kunta et al., (2007).

The bioassay and grafting tests were relatively simple but time – consuming. On the other hand, tissue print

hybridization and RT-PCR were more rapid, efficient and reliable for HSVd detection (Zhou et al. ,2006).

In the current study, HSVd was detected in naturally infected-peach and pear trees by using tissue print

hybridization assay. The sensitivity of HSVd Dig-labeled probe was very clear especially in the phloem tissues.

Magnified pictures of pear tissue prints indicated that HSVd is phloem restricted as shown from the vascular

tissues colored with purple hybridization signals. The reactivity of HSVd Dig-labeled probe with fifty nine

naturally infected Pear trees using tissue print hybridization assay was very successful in HSVd screening among

infected samples. The percentages of infection among tested samples was 93%. The results obtained was in

agreement with Lee and Choi (1988), Amari et al. (2001), Torres et al. (2004), Malfitano et al. (2005), Matic

et al. (2005), Michelutti et al. (2005), Spahoglu et al. (2006), Susuri et al. (2006).



Aust. J. Basic & Appl. Sci., 4(1): 19-26, 2010

24

Fig. 5: A. Tissue print hybridization of fifty nine naturally infected pear trees on nitrocellulose membrane using

dig-labeled DNA-DNA probe showing hybridization signals of hop stunt viroid.B. Magnified transverse

sections of pear petioles printed on nitrocellulose membrane showing the hybridization signals with purple

color concentrated on phloem tissues at (I, II&III) while (IV) healthy one. 

Fig. 6: (A). Tissue print hybridization of forty six naturally infected peach trees showing hybridization signals

of Hop stunt viroid nucleic acids from Peach tissues printed on nitrocellulose membrane using HSVd dig-

labeled DNA probe. (B). Magnified transverse sections of peach petioles printed on nitrocellulose

membrane showing the hybridization signals with purple color concentrated on phloem tissues at (I, II,

III and IV) while (V) healthy one. 
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Total RNA was extracted from HSVd- infected leaf tissues followed by reverse transcription-polymerase

chain reaction (RT-PCR) and gel electrophoresis. About 300-bp full-length DNA fragment was amplified by RT-

PCR using primers HSVd (+) primer (5 -CTG GGG AAT TCT CGA GTT GCC GCA-3 ) and 25 pm HSVd(-)

primer (5 -AGG GGC TCA AGA GAG GAT CCG CGG CA-3 ). The primers are located in the strictly

conserved central region of the HSVd group as described under materials and methods. The obtained results

agreed with that obtained by Kusano and Shimomura(1997), Onelge (2000), Gazel and Onelge (2002) Hassen

et al. (2006), Yang et al. (2006), and Yang et al. (2007).

RT-PCR test can be done within 3 hours or less comparing with 30 days for standard cucumber bioassay

test and tissue print hybridization.
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