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VIROIDS OF STONE FRUITS: 
INCIDENCE AND DISEASES IN THE MEDITERRANEAN
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SUMMARY - Two viroids are known to infect stone fruit trees: Hop stunt viroid (HSVd) and Peach latent 
mosaic viroid (PLMVd). PLMVd has been found frequently in peach, and occasionally in plum, cherry and 
apricot germplasm from countries in Europe and Asia. Recent studies have reported it in very significant 
percentages in several Mediterranean countries. HSVd has been detected also frequently in the 
Mediterranean in several stone fruit species: i.e. apricot, peach, plum and almond. The application of 
recombinant DNA technology has permitted the use of molecular hybridisation and Polymerase Chain 
Reaction (PCR) for viroid detection. These techniques, combined with the application of an easy 
procedure for the extraction of total nucleic acids, the existence of non-radioactive PLMVd and HSVd - 
specific probes and primers, are now used for routine diagnosis of stone fruit viroids. More recently, 
tissue-imprinting hybridisation, a technique that avoids sample extraction and only requires the direct 
transfer of the plant material (fruits, stem, cuttings, leaves) has been applied successfully to the detection 
of these viroids in stone fruits.
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RESUME - Deux viroïdes sont censés être capables d'infecter les espèces fruitières à noyau: le Hop stunt 
viroid (HSVd) et le Peach latent mosaic viroid (PLMVd). Le PLMVd a souvent été détecté chez le pêcher 
et occasionnellement, dans du matériel végétal de prunier, cerisier et abricotier provenant de pays 
européens et asiatiques. Des études, menées récemment, ont signalé des pourcentages très significatifs 
dans de nombreux pays méditerranéens. Le HSVd a été rapporté chez différentes espèces fruitières à 
noyau: abricotier, pêcher, prunier et amandier. Ce viroïde a aussi été mis en évidence fréquemment en 
Méditerranée. L'application de la technologie du DNA recombinant a permis d'utiliser l'hybridation 
moléculaire et la réaction en chaîne de la polymérase (PCR) pour la détection des viroïdes. Ces 
techniques, associées à une procédure facile d'extraction des acides nucléiques totaux et à l'emploi de 
sondes et amorces  non radioactives et spécifiques pour le PLMVd et le HSVd, sont actuellement 
utilisées dans le diagnostic de routine des viroïdes  des espèces fruitières à noyau. Tout récemment, 
l'hybridation tissue-printing, une technique qui évite l'extraction des échantillons et exige uniquement le 
transfert direct du matériel végétal (fruits, tige, boutures, feuilles), a été adoptée pour la détection de ces 
viroïdes   chez les espèces fruitières à noyau.

Mots-clés:  Méditerranée, espèces fruitières à noyau, viroïdes, PLMVd, HSVd, détection des viroïdes

INTRODUCTION

Viroids are the smallest known plant pathogens and consist of a  single-stranded, circular RNA of 246 
to 399 nucleotides (Semancik, 1987; Diener, 1991; Symons, 1997; Flores  et al., 1997; 1998). They cause 
serious diseases in economically important crops (potato, tomato, cucumber and hop), fruit trees (citrus, 
apple, peach, grape, apricot, avocado and coconut) and ornamental plants (Chrysanthemum, Coleus 
and Iresine).

Viroids are not known to code for any protein and therefore they are host-dependent in their life-cycle. 
According to the present taxonomy, viroids are classified in 7 genera embraced into 2 families: 
Pospiviroidae (characterized by the presence of a central conserved region) and Avsunviroidae 
(characterised by self-cleavage activity).  
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Two different viroids are known to infect stone fruit trees: Hop stunt viroid (HSVd) and  Peach latent 
mosaic viroid (PLMVd). 

PLMVd

Peach latent mosaic disease was described first in France (Desvignes, 1976; 1980), induced by 
PLMVd. The viroid occurs frequently in peach, and occasionally in plum, cherry and apricot germplasm 
from countries in Europe and Asia (Faggioli  et al., 1997; Hadidi  et al., 1997). 

The principal characteristics of the disease on peach trees includes: delayed flowering 4 to 6 days  
with similar effects in vegetation and fruit maturity. On infected peach trees, fruits are deformed, dull in 
colour, discoloured or pigmented. Vegetative buds turn necrotic, drops off and/or produce weak growth. 
Yield declines in quantity and quality. Occasionally leaves exhibit discoloration in the form of either diffuse 
mosaic or yellowish mottles: blurred chlorotic blotches, or large areas of bright-yellow or cream (calico 
mosaic). The leaves are generally not deformed; only a few severe strains induce entirely yellowish 
foliage, curved inwards and folded, with necrotic notches (Desvignes, 1999). It has been recently 
observed that variants of PLMVd with specific molecular properties are the causal agents of the peach 
disease known as 'Calico' (Malfitano  et al., 2002) PLMVd was found in a high incidence in peach of Japan 
and U.S. origin (Badenes and Llácer, 1998; Boyé and Gentit, 1998).

Incidence of PLMVd in France is relatively low (about 15%; Desvignes, 1999), it is higher in Italy, 
(incidence of 20-50%) (Barba and Faggioli, 1999) and Spain (82%) (Badenes and Llácer, 1998). Recent 
studies carried out in some Middle East countries have shown the presence of this viroid in significant 
percentages: 40% in Syria (Ismaeil et al., 2001), 34% in Lebanon (Choueiri  et al., 2001) and 29% in 
Jordan (Al Rwahnih  et al., 2001). In the Mediterranean and Europe, PLMVd has been reported also in 
Algeria, Morocco, Greece, Austria, Romania and former Yugoslavia (Diekman and Putter, 1996). 

HSVd 

HSVd, as its name indicates, was first described as the causal agent of the stunt disease of hops in 
Japan, but since then it has been found in several plant species, in such fruit crop plants like grapevine, 
citrus, pear, peach and plum (Shikata, 1990). These plants either showed specific disorders or 
symptomless. The diseases known as cachexia of citrus (Diener  et al., 1988; Semancik  et al., 1988; 
Levy and Hadidi, 1993) and dapple fruit of plums and peaches (Sano  et al., 1989) have been associated 
with sequence variants of HSVd. More recently, HSVd was detected and characterized in apricot (Astruc 
et al., 1996; Kofalvi  et al., 1997) and almond (Cañizares  et al., 1999)

Overall sequence homologies (Shikata, 1990) and phylogenetic analysis (Hsu et al., 1994) first 
indicated that HSVd isolates can be separated into three groups (plum-type, hop-type and citrus-type). 
The fact that these groups often contained isolates coming from a limited number of hosts prompted the 
suggestion that the group-discriminating sequence variations could in fact represent host-specific 
sequence determinants which may facilitate or be required for replication in a given host. Later, a detailed 
phylogenetic analysis of the existing HSVd sequences, together with the new HSVd sequences of  
Prunus isolates determined by Kofalvi  et al. (1997) resulted in a redefinition of the grouping of variants of 
this viroid. A bias for the presence of certain sequences and/or structures in some hosts was observed, 
although no host-determinants were conclusively found. 

Surprisingly, this analysis also revealed that a number of HSVd isolates probably arose from 
recombination events and that the hop-type group itself is likely the result of a recombination event 
between members of the plum-type and citrus-type groups (Kofalvi et al., 1997). Most of the apricot 
sequence variants are grouped in the plum-type group or in one of the minor recombinant groups (P-C 
group; Amari et al., 2001b). In fact, the high number of new sequence variants grouped in this 
recombinant P-C group indicates that these recombinant variants are more frequent than previously 
thought. 

Interestingly, no apricot sequence variants were found to belong to the citrus-type group. Analysis of 
the geographical distribution of the apricot sequence variants revealed that most of the Moroccan 
variants are phylogenetically related to the Spanish apricot variants whereas the Greek variants were 
more closely related to the grapevine German variants indicating a different geographical origin for these 
two groups of apricot HSVd isolates (Amari  et al., 2001b). 
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Finally, it is worthy noting that most of the apricot sequence variants from Cyprus are grouped into the 
recombinant P-C group which could indicate that all of them derived from an intra-specific event or, 
alternatively, that these events have occurred more often in this country than in others. 

This viroid was found quite common in apricots with an average incidence in the Mediterranean of 
34%. Cañizares et al. (1998; 2001) revealed HSVd in 81% of the apricot trees tested in South-eastern 
Spain. A lower but still substantial HSVd incidence was recently reported for other Mediterranean 
countries: 10% in Cyprus, 10% in Morocco, 5% in Greece and 2% in Turkey (Amari et al., 2000). More 
recently, Al Rwahnih et al. (2001) reported 19% incidence of HSVd in Jordan, whereas in Syria and 
Lebanon the incidence was 62% (Ismaeil et al., 2001) and 28% (Choueiri et al., 2002), respectively (Table 
1). Thus, 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 other stone fruits, such as 
plum and peach. 

No means of natural spread has been observed so far for HSVd and experiments are under way to 
check its presence in pollen and seeds of apricot (K. Amari, V. Pallás and M.A. Sánchez-Pina, 
unpublished information).

Table 1. HSVd  incidence in apricot  in several Mediterranean countries**

Countries Nr of trees
(infected/tested)

Incidence rate
(%)

Spain
M

123/152 80.9
Syria 15/24 62.5
Italy 42/113 37.2
Lebanon 36/130 27.6
Jordan 5/26 19.2
Cyprus 9/86 10.4
Morocco 3/29 10.3
Greece 3/59 5.0
Turkey 1/49 2.0
Albania 0/20 0.0
Malta 0/2 0.0

Total 237/690 34.3
M
Murcia region; **Information collected in the following papers: Cañizares et al. (1998); Amari et al. (2000); 

Al Rwahnih et al. (2001); Ismaeil et al. (2001), Ferreti et al. (2001) and Choueiri et al. (2002).

VIROID DETECTION

At the moment, unlike for bacterial and fungal diseases no chemical treatments can be applied as a 
field control of viroid diseases, and therefore early detection by means of sensitive diagnostic methods is 
the main way to control them (Mathews, 1991; Hull,1993; Pallás et al., 1998a, b). As serological 
techniques can not be applied to viroid diagnosis because of the lack of coat protein, their detection must 
rely on bioassays or by direct detection of genomic viroid RNA.

Biological detection can be carried out by indexing all year round in the greenhouse on specific woody 
indicators, but the process is time - consuming, expensive and still unreliable, specially for HSVd, and not 
appropriate for screening large populations, mostly due to the requirements of greenhouse facilities and 
plant care. Likewise, gel electrophoresis techniques, used on the basis of the distinct mobility of small 
circular viroid RNAs, are not suitable for numerous samples.

During the last years, the application of recombinant DNA technology has permitted the use of 
molecular diagnostic methods e.g. molecular hybridisation and Polymerase Chain Reaction (PCR) 
(Pallás  et al., 1998b). These techniques, combined with the application of rapid procedure for the 
extraction of total nucleic acids, the existence of non-radioactive PLMVd and HSVd  specific probes and 
primers (Shamloul  et al., 1995; Astruc  et al., 1996) are now used for routine diagnosis of stone fruit 
viroids. More recently, tissue-imprinting hybridisation, a technique that avoids sample extraction and only 
requires the direct transfer of the plant material (fruits, stem, cuttings, leaves) has been applied to the 
detection of HSVd in apricot trees (Astruc  et al., 1996; Cañizares  et al., 2001; Amari  et al., 2001a). The 
use of petioles has allowed the monitoring of HSVd in apricot trees over an entire growing season (Amari 
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et al., 2001a) and the diagnostic tool of choice  for large scale in the frame of the Mediterranean Network 
of Fruit Tree Viruses (MNFTV) (this volume). 

CONCLUSIONS

The recently recorded high viroid incidence, even in local varieties, is surprising and their real impact 
on production remains to be established. One plausible explanation for this observation could be that 
viroids and the local varieties of the corresponding stone fruit trees have co-existed for long time without 
any important deleterious effect for the hosts. Only under determined environmental conditions or after 
the introduction of foreign varieties, less adapted to the local conditions, some kind of disorders could 
appear. If that were the case, more preventive actions should be addressed specially for those viroid-host 
combinations for which the incidence level has been shown to be extraordinary high such as in the case of 
HSVd-apricot and PLMVd-peach.
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