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ABSTRACT 
The hypothesis that the double-stranded (ds) RNA isolated from avocado is an 
indication of infection by a RNA plant virus has never been proven. On the other hand, it 
has not been disproven either, and the different dsRNA 's are still known as avocado 
virus (A V) 1, 2 and 3. 
The authors have probed restriction fragments of avocado cellular DNA with cloned 32P-
labelled A V cDNA and discovered that the dsRNA nucleotide sequences are also 
present on plant DNA. Their evidence contradicts the hypothesis that viruses are 
responsible for the formation of the dsRNA species. 
 
UITTREKSEL 
Die hipotese dat die dubbeldraad (dd) RNA in avokado 'n aanduiding van infeksie deur 
'n virus is, is nog nooit bewys nie. Nogtans is die teendeel ook nog nooit bewys nie, en 
die verskillende ddRNA-patrone is bekend as avokado virus (A V) 1, 2 en 3. 
Die outeurs het restriksie fragmente van avokado sellulére DNA met gekloneerde 
32Pgemerkte AV cDNAS gepeil en ontdek dat die ddRNA nukkotied volgordes ook op 
die plant DNA teenwoordig is. Die hipotese dat virusse verantwoordelik is vir 
dieformasie van die ddRNA word deur hierdie resultate weerspreek. 
 
The current understanding of virus infections in avocado is still limited to the knowledge 
of unexplained virus-like diseases and the existence of double stranded (ds) RNA 
species in some avocado trees. The symptoms of the virus-like diseases include low, 
unpredictable or irregular fruit yields, stem-pitting, leaf dwarfing, dwarfing and black 
streak (still not found in South Africa). The dsRNA species that can be isolated from 
avocado trees have been grouped into three compilations, which are currently known as 
putative avocado virus (AV) 1, 2 and 3. 
More than 90% of all known plant viruses have single-strand (ss) RNA genomes, 85% 
of which are (+) RNA (Goldbach et al, 1990). When these RNA genomes are replicated 
during the course of the infection, replication intermediates (RI) and genome replicative 
form (RF) can be isolated from the host as stable dsRNA products of specific size. 
Using this rationale, the appearance of dsRNA in plants is considered useful for the 
diagnosis of viruses which are difficult to isolate. Although not foolproof, the relevance 
of dsRNA species as indicative of virus infection is underlined by numerous examples. 



Some of the different plant viruses which are known to produce dsRNA in their hosts 
are listed in Table 1. 
Efforts to isolate or identify virus particles from avocado have never been successful, 
even though the presences of dsRNA patterns were described as early as 1982 (Jordan 
et al, 1983). The investigation by the authors is therefore aimed at the characterisation 
of the dsRNA species found in avocado. They previously reported the cloning of dsRNA 
(AV1) material and the use of the cloned cDNA as a radiolabelled probe (Cook & Nel, 
1991). This probe was used to screen a great number of samples (>250). In control 
experiments dsRNA PAGE was also carried out. 
Shown in Figure 1 is the polyacrylamideelectrophoretic pattern of the dsRNA species 
present in Fuerte trees. The large doublet of approximately 10 000 bp and the smaller 
RNA fragment of 900 bp comprise putative AV1 whereas putative AV3 is comprised by 3 
dsRNA fragments in the 3 000-3 800 bp range as indicated. Hass, the other very 
important cultivar in South Africa, was found to contain only the AV3 dsRNA species, as 
established by PAGE analyses. 
The use of the AVVspecific cDNA probe on crude nucleic acid extracts from trees, 
yielded irregular results. An example of the autoradiograph from such an RNA dot blot is 
shown in Figure 2. The probe, being AV1 -specific, hybridised to extracts from Fuerte 
trees. The authors occasionally obtained positive hybridisation results with the nucleic 
acid extracts from, for example, Edranol and Hass trees, as indicated in Figure 2. Since 
only AV3 in Hass could be isolated and no dsRNA obtained from Edranol, this was an 
interesting result. However, AVj dsRNA could not be isolated from either positive tree. 
In working towards an explanation for these results, the following observations were 
considered: 
-dsRNA patterns are mostly cultivar-specific; 
-specific cultivars are always positive for the same dsRNA's; 
-dsRNA's do not necessarily correlate with disease symptoms, but are found in normal 
plants; and 
-the dsRNA concentration did not show much seasonal variation. 
It therefore seemed reasonable to postulate that the dsRNA's may originate from the 
plant genome. If so, the identification of a plant genomic DNA sequence, identical to the 
AV1 RNA sequence, would explain the positive hibridisation of AV1 with the crude 
nucleic acid extracts (probably also containing some DNA fragments) of trees which do 
not contain AV1 dsRNA (Figure 2). 
 



 
 
To investigate, the authors performed restriction fragment length-type experiments. 
Total cellular DNA was purified from avocado trees known to be AV1 positive, as well as 
from trees known to be AV1 negative, as determined by dsRNA PAGE analyses. Briefly, 
leaf tissue (10 g) was ground to powder in liquid nitrogen. Extraction buffer (100 mM 
Tris.Cl, pH8; 100 mM EDTA; 250 mM CaCl; 100 µg/mℓ protein ase K) (50 mℓ) was 
added and the extract adjusted to 1% sarcosyl with a 10% sarcosyl solution. After 60 
min incubation at 55°C, the lysate was centrifuged (10 min, 6 000 rpm, 4°C) and the 
supernatant extracted twice with chloroform: isoamyl alcohol (24:1). Nucleic acids were 
alcohol-precipitated, treated with RNA ase and purified by CSCℓ density gradient 
centrifugation according to standard protocols (Ausubel et al, 1987). 
The purified cellular DNA's were digested with different restriction enzymes (Boehringer 
Mannheim), according to the manufacturer's instructions. Agarose gel electrophoresis in 
a Tris-acetate-EDTA buffer system, followed by Southern blotting of the DNA fragments 
to a nylon membrane, was carried out as described by Maniatis et al (1989). AV1 
specific cDNA was radioactively labelled and hybridised to the Southern blots as 
previously described (Cook & Nel, 1991). 
 



 
 



 
 

 
 
 



The results are presented in Figure 3. It is evident that the AV1 -specific cDNA 
hybridises to avocado cellular DNA isolated from trees which are AV1 positive. When 
the DNA was digested with Hind III, Pst 1 or Eco R1, different fragment(s) were found to 
hybridise with the 900 bp cDNA probe. 
In addition, it can be seen that the labelled AV1specific cDNA hybridises to the DNA of 
AV1free trees. These trees do not contain the AV1 dsRNA, yet the AV1 probe hybridises 
to the same fragment of DNA (as indicated by the Eco R1 fragmentation) as in the case 
of trees that do not contain AV1 dsRNA (Figure 3). 
 
DISCUSSION 
The true nature, origin and significance of the dsRNA's AV1 2 or 3 in avocado trees and 
their possible role as replicating virus genomes have never been clarified. Using cloned 
cDNA derived from AV1 dsRNA, the authors probed crude nucleic acid extracts from a 
large number of avocado trees, including low and high producers and different cultivars. 
Based on the finding that the hybridisation results did not always correspond with the 
dsRNA PAGE analyses, and that the occurrence of .neither AV1; 2 or 3 could be 
correlated with disease symptoms, the plant genome was investigated as the possible 
donor of the dsRNA's. 
By probing Southern blots of restriction enzyme fragments of plant DNA with AV1 
specific cDNA, the authors could prove that the dsRNA's originate from the plant 
genome. Significantly, the DNA sequence for AV1 dsRNA is also present on the 
genome of trees that do not contain AV1 dsRNA. This sequence has a specific location 
on the plant DNA, as indicated by the precise patterns obtained with different restriction 
enzymes. 
It is not known why these dsRNA species are produced at a constant level in healthy 
plants. A fascinating question also surrounds the finding that cultivars which do not 
express dsRNA, may have the genetic potential, by posessing the same DNA fragment 
that gives rise to dsRNA production in other cultivars. 
Findings by the authors contradict the hypothesis that the AV1 dsRNA species are virus-
like. Results not presented in this paper indicate a similar situation in the cases of AV2 
and AV3. At least part of the sequence for the AV1, 2 and 3 dsRNA can be found on the 
DNA of all avocado trees thus far investigated. 
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