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Diagnosisof plant viruses can h difficult when one is dealing
with unstable viruses, unusual strains, or viruses in woody
plants. Observation of inoculated indicator plants, detection
of virus-induced cellular incIusions, electron microscopy, test
of the vector capability of certain insects, serology, and
detection of viral nucleic acids are often used for virus
diagnosis. The usefulness of each method depends on the virus
and the host. A diagnostic method useful for one virus in
a given host may not be reliable for other viruses or for the
same virus in a different host. Diagnosis based on the use
of indicator plants is not reliable because plant reactions and
symptoms vary, depending on environmental conditions, plant
cultivars, and virus strains. Other methods, such as electron
microscopy, tests of vector capabiIity, and detection of viral
nucleic acids by means of radioactive probes, may not be
practical for some laboratories. Serology is the most widely
used method for virus diagnosis because serological tests are
simple and practical. One drawback, however, is that in plants
infected with more than one virus, a nontarget virus may pass
undetectd. Furthermore, some serological tests are strainspecific, which means that only certain strains of a given virus
are detected. Therefore, it is usually necessary for the plant
pathologist to utilize mote than one method. The more methods
employed, the greater the probability the diagnosis will be
correct.
Morris and D d d s (9) developed a method for the isolation
and analysis of double-stranded RNA (dsRNA) from virusinfwted plants and fungi. This method detects dsRNAs that
are produced in plants infected with RNA viruses, These
dsRNbs, which are very resistant to enzymatic degradation,
are not normally present in healthy plants. Detailed
information regarding the applications of the dsRNA analysis
to plant pathology has been published by Dodds and coworkers (3-5). The procedure has also been simplified (1,10).
This simplification, together with improved equipment for
nucleic acid analysis, has made the technique more practical
and attractive to plant disease diagnosticians.
This paper considers the practicality of using analysis of
viral-associated dsRNA as an alternative or complementary
method for diagnosis of plant virus diseases. The advantages
and disadvantages of this technique are presented, and a
simplified version of the technique is described.

Double-stranded RNA in plants
Single-stranded RNA viruses compose approximately 90%
of all known plant viruses. During their replication in pIant
cells, dsRNA is produced as an intermediate product (Fig.
I). This dsRNA is called the replicative form (RF)and is
consistently present when a plant is infected with an asRNA
virus, regardless of the host. When researchers began to use
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dsRNA analysis for viral detection, however, it became clear
that plants may also contain dsRNA of other kinds: the genome
of a dsRNA virus (cryptic viruses and phytoreoviruses), the
R F of a satellite RNA, and a dsRNA of unknown origin
(oelIular dsRNA) (8,13). Although the RF of an ssRNA plant
virus is the most common type encountered, the other dsRNAs
are important because they could be confused with that of
an ssRNA virus. Nevertheless, the consistency with which
dsRNAs can be extracted from most plant tissues infected
with ssRNA viruses makes dsRNA analysis a practical method
for virus diagnosis.

Purification and analysis of dsRNA
from plant tissues
The dsRNA extraction procedure (Fig. 2) is basically as
described by Morris and Dodds (9) and Jordan et al (8). Two
cycles of cellulose chromatography are used to remove residual
ssRNA, which may confuse the interpretation. The same
procedure can be used to extract dsRNA from fungi or insects.
The reagents are listed in Table I. The procedure is as follows:
I. Grind 3.5 g of tissue in 6.0 ml of 1X STE buffer with
a mortar and pestle or an equivalent tool. Transfer homogenate
to a 50-ml centrifuge tube. Rinse the mortar and pestle with
2.0 ml of 1X STE and add this liquid to the hornogenate.
(If liquid nitrogen is used to grind the tissue, transfer the powder
to the tube and add 8.0 rnl of 1X STE.)
2. Add 1.0 ml of 10% SDS, 0.5 ml of bentonite (from
a 2% aqueous suspension), and 9.0 ml of 1X STE-saturated
phenol to the homogenate and shake it well for 30 min.
3. Centrifuge tubes at 8,000 g for 15 min. Withdraw 10.0
ml of the upper aqueous phase and place it in a 50-1111 centrifuge
tube. (If 10.0 ml is not avaiEabIe, adjust ta 10.0 ml by adding
I X STE.)
4. Add 2.1 ml of 95% ethanol t o each tube containing
10.0 ml of sample and mix well. (Samples can be stored
overnight at 4 C.)
5. Weigh two 1.0-g portions of celIulose (Whatman CFI 1 [Whatman, Clifton, NJ] o r Cellex N-1 [Bio-Rad
Laboratories, Richmond, CAB per sample and place them
in 50-rnt tubes. Add 25 ml of IX STE containing ethanol,

16.0% vlv.
6. Prepare two calumns, using for each the barrel of a
20-ml plastic syringe plugged with a disk of MiracIoth paper
or glass wool. Mix the oellulose suspensions well, pour them
into the columns, and allow the STE to drain thraugh.
7. Add the sarnpIe {must be at room temperature) to one
column and let it drain completely. Discard the liquid from
the column. FIush the column with 40 ml of I X STE containing
ethanol, 16.0% vlv. Keep refilling the column until all the
buffer is used. Let it drain completely, and discard the liquid.
R. Add 2.5 ml of 1X STE and let it drain comnletelv.
. - Add
10.0 ml of I X STE, but this time collect 10.0 ml in 50-rnl
centrifuge tubes. Add 2.1 ml of95% ethanol, then repeat step
7, using the second column. Go to step 9.
9. Add 2.5 ml of 1X STE and let it drain. Add 6.0 ml
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