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ABSTRACT

Lakshman, D. K., and Tavantzis, S. M. 1994. Spontaneous appearance
of genetically distinct double-stranded RNA clements in Rhizoctonia
solani. Phytopathology 84:633-639.

A tuberborne sclerotium of the plant-pathogenic basidiomycete Rhizoc-
tonia solani gave rise to a culture (Rhs 1AP) that exhibited a sector
(Rhs A1) with reduced pigmentation and growth rate. Rhs IAP is virulent
on potato, which is the only known host plant for Rhs 1AP. In contrast,
Rhs 1Al is hypovirulent or nonpathogenic on potato. The virulent isolate
Rhs TAP contains two double-stranded RNAs (dsRNAs) of 23 and 6.5
kb, whereas the hypovirulent Rhs 1Al possesses three dsRNAs in addition
to the two found in Rhs 1AP. The apparent sizes of the three novel
dsRNAs are 25, 3.7, and 1.2 kb. We constructed complementary DNA
libraries of these dsRNAs and conducted Northern blot hybridization
analysis, which showed that the dsRNAs with corresponding sizes (23

and 6.5 kb) occurring in both cultures are genetically similar, if not
identical. The five dsRNAs, however, are not related to one another.
For over 12 yr, both the phenotype and the dsRNA content of Rhs
IAP and Rhs IAl remained stable until 2 yr ago, when Rhs TAP gave
two more sectors (Rhs 1A2 and Rhs 1A3) exhibiting a slow growth habit.
Interestingly, both of the slow-growing subcultures lacked the original
Rhs IAP dsRNAs (23 and 6.5 kb). Rhs 1A2 and Rhs 1A} have had
stable phenotypes and dsRNA patterns since the time of their emergence.
All of the cultures (Rhs 1Al, Rhs 1A2, and Rhs 1A3) derived from
Rhs AP contained the 1.2-kb dsRNA. Polymerase chain reaction analysis
of total DNA showed that sequence(s) genetically related to the 3.7-kb
dsRNA element are found in genomic DNA from Rhs IAP and Rhs
IAT.

Additional keywords: cloning, genomic DNA integration,

Rhizoctonia solani Kiihn (teleomorph Thanatephorus cucu-

meris (A. B. Frank) Donk) is a collective species consisting of

over 10 anastomosis groups (AG) (33). Each AG is an evolutionary
unit in the sense that it is a genetically isolated, noninterbreeding
population with a distinct host range (2). A cytoplasmically con-
trolled degenerative disease of R. solani was reported in 1978
(11,13). The disease condition was characterized by a loss of my-
celial pigmentation, reduced growth rate and sclerotial produc-
tion, the presence of double-stranded RNA (dsRNA), and hypo-
virulence similar to that reported in Cryphonectria parasitica
(1.15). Three of 13 R. solani strains had dsRNA and were hypo-
virulent, whereas 10 virulent isolates contained no detectable
dsRNA (13). In contrast, Finkler and coworkers (18) reported
that dsRNA was present only in virulent strains of the fungus.
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Our research group initiated a study the results of which were
in disagreement with both of the above reports. Our initial work
suggested that 1) dsRNA is ubiquitous in natural populations
of R. solani and 2) there is no apparent correlation between the
mere presence of dsRNA and virulence (43). Isolates from five
AGs (AG-1-AG-5) and several host species per isolate were used
(42). Moreover, an extensive survey conducted in Japan (22) and
data from two recent independent surveys conducted in Florida
(41) and Louisiana (24) confirmed our findings. Hypovirulent
isolates of R. solani are capable of providing biocontrol against
virulent isolates of this pathogen (4,12). Therefore, it is important
to understand the mechanism(s) that bring about the hypoviru-
lence phenomenon and whether or not certain dsRNA elements
are involved in the expression of virulence in R. solani.

We showed that the conflicting reports on the role of dsRNA
in the expression of virulence in R. solani might be attributed,
at least in part, to the high degree of genetic diversity among
dsRNA elements occurring in natural populations of the fungus
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(8.9). Our data provided several lines of indirect evidence sug- its virulence fourfold (35).

gesting that specific dSSRNA elements might be involved in regu- Here we report that spontancous changes are taking place in
lating virulence in R. sofani (8,9). Furthermore, curing dsRNA the dsRNA pattern of a virulent isolate of R. solani. These changes
through hyphal-tip subculture of the AG-3 isolate Rhs 41 increased coincide with variations in the phenotype of the resulting cultures.
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Fig. 1. A, Seven-day-old mycelial cultures of the anastomosis group 3 isolates Rhs TAP (a), Rhs 1Al (b), Rhs 1A2 (c), and Rhs 1A} (d) on

potato-dextrose-yeast agar media; B, sprouts of potato cultivar Katahdin infected with Rhizoctonia solani isolate Rhs 1AP; and C, potato sprouts

infected with R. solani isolate Rhs TAL. Arrows indicate lesions caused by the respective fungal isolates. Although two superficial lesions caused

by Rhs [Al are shown here, Rhs TAT typically causes no lesions on most sprouts inoculated with it. No visible lesions were observed in mock-
imoculated sprouts (not shown).
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In addition, the novel dsRNAs that appear in the sectors (subcul-
tures) are genetically unrelated to the dsRNAs occurring in the
parental culture. To our knowledge, this is the first report on
cloning of dsSRNA from R. solani. Parts of this work have been
reported previously (25,26).

MATERIALS AND METHODS

Fungal isolates. Isolate Rhs 1AP (Fig. 1A,a) originated from
a tuberborne sclerotium and was shown to be a member of AG-3
possessing a relatively high degree of virulence (Fig. 1B). Isolate
Rhs 1A1 (Fig. 1A,b) originated as an Rhs 1AP sector characterized
by reduced pigmentation and growth rate as compared with Rhs
1AP. More importantly, Rhs 1A1 was found to be hypovirulent
(often nonpathogenic) (Fig. 1C) and significantly reduced the
amount of rhizoctonia disease caused by virulent AG-3 isolates
in potato both in the field and in the greenhouse (4). Pathogenicity
tests with potato cultivar Katahdin sprouts were conducted as
described by Bandy and Tavantzis (3).

The Rhs 1Al sector appeared in the sclerotial culture of Rhs
IAP (in 1982) and has retained the same phenotype as that of
the original sector. More recently (1991), two more sectors, Rhs
1A2 and Rhs 1A3 cultures (Fig. 1A,c and d, respectively), have
been isolated from Rhs 1AP. They grow on solid media at a
rate significantly slower than that of Rhs 1AP and Rhs 1Al (Fig.
1A).

Mycelium was grown in 1-L flasks containing 150 ml of malt
extract broth (30 g/L) for 2 wk at room temperature unless
otherwise indicated. Mycelium was harvested by filtration, washed
with sterile deionized water, frozen in liquid nitrogen, and stored
at —80 C.

Extraction and purification of dsRNA. The procedure for ex-
traction of dsRNA from fungal mycelium was as described by
Morris and Dodds (28) with minor modifications. dsSRNA prepa-
rations were freed from traces of single-stranded RNA and DNA
by using pancreatic ribonuclease A in 2X SSC (1X SSC is 0.15
M NaCl plus 0.015 M sodium citrate) and pancreatic DNase
I, respectively, as described by Hoch et al (21). Electrophoretic
fractionation of dsSRNA preparations was carried out as described
previously (8). DNA size standards included A phage DNA di-
gested with HindlII and the 1-kb DNA ladder (Bethesda Research
Laboratories, Gaithersburg, MD).

Cloning of dsRNA. Complementary DNA (cDNA) libraries
of individual, gel-eluted dsSRNA bands were prepared by using
the SuperScript cDNA synthesis kit (Bethesda Research Labora-
tories) and following the directions of the supplier, except that
dsRNA templates were denatured with methylmercuric hydroxide
(20 mM) and first-strand synthesis was performed at 22 C (5
min), 45 C (30 min), and 50 C (30 min). Double-stranded cDNAs
were ligated to EcoRI-Sall-Notl adapter before they were ligated
to the pBluescript SK +/— phagemid (Stratagene, La Jolla, CA).
Recombinant plasmids were purified, and the sizes of the cDNA
clones were determined by digestion with NotI and fractionation
in 1% agarose gels.

Northern blot analysis of dsRNA. Purified dsRNA samples
were fractionated in 19 agarose gels in TAE buffer (40 mM Tris-
acetate, 2mM EDTA, pH 8.0) at 25 V for 15 h at room temperature
and denatured by soaking the gels in 50 mM NaOH for 30 min
at room temperature unless otherwise indicated. Gels were neu-
tralized with 1.5 M Tris-HCI, pH 7.5, containing 0.5 M NaCl
for 40 min (two 20-min changes) and blotted in a standard capillary
blotting apparatus as described previously (37). Blots (Hybond-
N, Amersham Corp., Arlington Heights, IL) were baked at 80 C
for 2 h, prehybridized (27) at 65 C for 2 h, hybridized with
oligomer-primed **P-labeled cDNA fragments (17) at 68 C over-
night, and washed (8). Hybridized blots were dried and used to
expose X-ray films (Eastman Kodak, Rochester, NY); intensifying
screens were used. Denaturing formamide-formaldehyde RNA
gels and Northern blots were performed according to Maniatis
et al (27) with minor modifications.

In experiments involving L,- or L,-specific radiolabeled probes,
several nonoverlapping cDNA clones were used as a mixture to

ensure that most of the sequence of these large dsRNAs was
represented in the respective probes.

PCR analysis of sequences specific to the L, and M, dsRNAs.
Oligomeric primers (20-24 bases) were designed from sequence
data of 3.7- and 25-kb dsRNA-specific cDNA clones (D. K. Lak-
shman and S. M, Tavantzis, unpublished data). Primers P4 (TCA-
TGGCTGTAATCGGGTGT) and P13 (TTAAGTGCGGAATG-
AAGCAA) were specific to the 3.7-kb (M;) dsRNA and were
expected to generate a 585-bp polymerase chain reaction (PCR)
DNA fragment. Primers P19 (CCAACAACAACCTGTCTT-
AAGC) and P20 (GGAACCTTGATACCTCATATGTC) were
specific to the 25-kb (L,) dsRNA and were expected to generate
an 164-bp PCR DNA fragment. Reverse transcriptase PCR was
performed with the GeneAmp RNA PCR kit (Perkin-Elmer Cetus,
Norwalk, CT) according to the supplier’s specifications. Total
dsRNA (1 ug) from Rhs 1Al or Rhs IAP was denatured by
boiling for 2 min, and cDNA was synthesized at 42 C for 1 h
by using avian myeloblastosis virus reverse transcriptase and a
primer (P4 or P19). PCR was performed in a 100-ul reaction
(10 mM Tris, pH 8.3, 2 mM MgCl,, 200 uM of each of the
four dNTPs, 0.5 uM of each of the two primers [P4 and P13
or P19 and P20], and 2.5 U of Tag DNA polymerase [added
at 82 C]) in a model 480 DNA thermal cycler (Perkin-Elmer
Cetus) programmed for 35 cycles at 95 C for 1 min, 64 C for
1 min, and 72 C for 1 min. At the end of the last cycle, reactions
were extended for 7 min at 72 C and stored at 4 C until used
for gel electrophoresis.

For genomic PCR, total DNA was extracted from the Rhs
Al or Rhs 1AP isolate as described by Raeder and Broda (30).
Contaminating RNAs were removed by incubation with DNase-

Fig. 2. Electrophoretogram of double-stranded RNA (dsRNA) of Rhs
IAP (lane a), Rhs 1Al (lane b), Rhs 1A2 (lane c), and Rhs 1A3 (lane
d) stained with ethidium bromide following electrophoresis on a 19
agarose gel. The numbers on the left indicate the approximate sizes (kb)
of the dsRNA bands.
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free RNase Plus (5 Prime —3 Prime, Inc. Boulder, CO). One
microgram of genomic DNA was used in a 100-ul PCR reaction.
DNA PCR fragments were fractionated in 1.5 or 2% agarose
gels in 0.5X TBE buffer (90 mM Tris-borate, 2 mM EDTA, pH
8.3), visualized by staining with ethidium bromide, blotted onto
Hybond-N nylon membranes, and hybridized to the respective
(L;- or M-specific) cDNA probe as described previously (27).

RESULTS

dsRNA patterns in the four cultures of R. solani. Mycelium
was pulverized to fine powder with a mortar and pestle in the
presence of liquid nitrogen. This method enabled us to obtain
large-sized dsRNA bands without smearing and allowed the con-
sistent detection of dsRNA elements occurring in relatively small
amounts. The parental virulent isolate Rhs 1AP exhibited two
dsRNAs of 23 (L,) and 6.5 kb (L;) (Fig. 2, lane a). The hypovirulent
derivative Rhs 1Al possessed three dsSRNAs in addition to the
two dsRNAs found in the parental Rhs 1AP. The apparent sizes
of the novel dsRNAs were 25 (L;), 3.7 (M,), and 1.2 (S,) kb
(Fig. 2, lane b). It is important to note here that the dsRNA
patterns of Rhs 1AP and Rhs 1Al have remained stable for 12
yr. Of the two slow-growing subcultures, Rhs 1A2 has the 3.7-
and 1.2-kb dsRNAs (Fig. 2, lane ¢), whereas Rhs 1A3 possesses
the 25- and 1.2-kb dsRNAs (Fig. 2, lane d). The dsRNA sizes
are approximations, since DNA size standards were used in this
study. Our previous estimates for the Rhs 1Al dsRNAs were
based on dsRNA size standards (7,8) and were very similar to
those reported here.

Cloning of dsRNA. The pBluescript SK +/— phagemids were
used as vectors in the cDNA cloning experiments. The size range

A B C

of double-stranded cDNA varied with the dSSRNA template. Elec-
trophoretic analysis of cDNA before cloning indicated that near
full-length cDNA was synthesized in most cases. cDNAs were
cloned into the EcoRI site of the pBluescript multiple cloning
site through the addition of EcoRI-Sall-NotI adapters to the in-
sert’s blunt ends. Clones 3.0-4.0 kb in size comprised a significant
portion of the cDNA libraries for the larger dsRNAs (3.7-25
kb).

Northern blot analysis of dsRNA. Before the different dSRNAs
were cloned, a Northern blot containing purified dsRNA from
the four cultures was hybridized with 5-end, **P-labeled,
denatured, 25-kb dsRNA (L,) prepared as described previously
(8). The RNA probe hybridized to the corresponding L; band
but did not cross-hybridize with any of the other dsRNAs (data
not shown). Similar results were obtained when a single-stranded,
2p_labeled ¢cDNA of L, (data not shown) or a mixture of
nonoverlapping L; cDNA clones (Fig. 3A) was used as a probe.
Only Rhs 1A1 (Fig. 3A, lane b) and the slow-growing Rhs 1A3
(Fig. 3A, lane d) contained the 25-kb dsRNA. The high-stringency
conditions for hybridization and washing described in Materials
and Methods were used in all experiments involving DNA probes.

When a mixture of several cDNA clones representing different
regions of L, (23-kb dsRNA) was used as a probe, it hybridized
only to the respective L, band (Fig. 3B). Autoradiograms of this
and other blots exposed for much longer periods failed to detect
any cross-hybridization between the L, probe and the rest of
the dsRNA species. Moreover, neither of the slow-growing cul-
tures, Rhs 1A2 and Rhs 1A3, contained L, (Fig. 3B, lanes c
and d).

A P-labeled 4.0-kb cDNA clone of L, (6.5-kb dsRNA) hy-
bridized only to the homologous band in isolates Rhs 1AP and
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Fig. 3. A-C, Autoradiograms of Northern blots of double-stranded RNA (dsRNA) preparations eluted with cellulose CF-11 obtained from Rhs
IAP (lane a), Rhs 1Al (lane b), Rhs 1A2 (lane c), and Rhs 1A3 (lane d). Blots were hybridized with a mixture of radiolabeled, nonoverlapping
cDNA clones of the 25-kb dsRNA (L, [A]), the 23-kb dsRNA (L; [B]), or a 4.0-kb clone of the 6.5-kb dsRNA (L; [C]). D, Autoradiogram of
a Northern blot of RNA eluted with cellulose CF-11 from Rhs 1AP (lane a) and Rhs 1Al (lane b) and RNase-treated (in 0.3 M NaCl) RNA
from Rhs 1A3 (lane d), Rhs 1A2 (lane ¢), Rhs 1Al (lane f), and Rhs 1AP (lane g) hybridized with a radiolabeled, 3.4-kb ¢cDNA clone of the
3.7-kb dsRNA (M,) from Rhs 1Al. No sample was loaded in lane c. Numbers and arrows on the left of the panels indicate size (kb) and position

of the five dsRNAs.
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Rhs 1Al (Fig. 3C, lanes a and b, respectively). Again, neither of
the two slow-growing cultures, Rhs 1A2 and Rhs 1A3, possessed
Lss;

When a 3.4-kb cDNA clone (clone 31) of M, (3.7-kb dsRNA)
was used as a probe, it hybridized to the M, band and to the
2.5-kb band (M, )) that often accompanies the M; dsRNA species
in purified RNase-untreated dsRNA preparations of Rhs 1Al
(Fig. 3D, lane b). This probe (clone 31) also hybridized to a
1.5-kb band (M, ;) and to a streak located right above the 3.7-
kb band (Fig. 3D, lane b). More importantly, the parental virulent
culture Rhs 1AP did not contain the M, dsRNA species (Fig.
3D, lanes a and g). In addition, the slow-growing culture Rhs
1A3 did not have M, (Fig. 3D, lane d). The M;,; RNA species
was sensitive to RNase treatment in 0.3 M NaCl and was therefore
probably single-stranded RNA (Fig. 3D, lanes e and f).

In a subsequent experiment, the M;, M, ,, M,,, and 1.2-kb
(S)) bands and the streak above M, were eluted from low-melting-
temperature agarose (27), electrophoresed on a 1% formamide-
formaldehyde gel, blotted, and hybridized with the M,-specific
cDNA clone (clone 31) . Interestingly, upon denaturation, the
M, , RNA species shifted to the 3.7-kb single-stranded position
(Fig. 4, lane b), whereas the M, | (2.5-kb) and M, (3.7-kb) bands
remained at their corresponding single-stranded positions (Fig.
4, lanes ¢ and d, respectively). Furthermore, a relatively strong
signal corresponding to a dimer of M, (7.5 kb) and a weaker
signal representing larger molecules were associated with the M,
sample (Fig. 4, lane d). Finally, the sample containing the streak
that migrates right above M, gave a band comigrating with M,
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Fig. 4. Northern blot of a formamide-formaldehyde denaturing agarose
gel hybridized with a radiolabeled 3.4-kb ¢cDNA clone of the M, (3.7-
kb) double-stranded RNA (dsRNA) element from the Rhs 1Al culture.
The RNA species analyzed on this gel were extracted from Rhs 1Al
and eluted as single bands from native agarose gels. Lane a, the 1.2-
kb dsRNA (S)); lane b, the 1.5-kb RNA related to M;; lane c, the 2.5-
kb dsRNA related to M,; lane d, the 3.7-kb dsRNA (M,); and lane e,
the RNA streak migrating right above M,. Numbers on the left show
the position and size (kb) of RNA size standards (Bethesda Research
Laboratories).

and a weak signal comigrating with that of the previous sample
(Fig. 4, lane e).

When total dsRNA preparations were used as templates, only
reverse transcriptase PCR reactions containing Rhs 1A1 dsRNA
gave the 585-bp DNA fragment (Fig. 5A, lanes ¢ and ¢’), but
dsRNA templates from both isolates gave the 164-bp DNA frag-
ment (Fig. 5B, lanes a, b, a’, and b’). Southern blot hybridization
analyses showed that these PCR fragments are genetically related
to the 3.7- and 25-kb dsRNA, respectively.

In genomic DNA PCR, reactions containing total DNA from
Rhs 1Al and Rhs 1AP gave a 585-bp DNA PCR product geneti-
cally related to the 3.7-kb dsRNA element (Fig. 5A, lanes a,
b, a’, and b’). In contrast, neither of the two total DNA templates
gave the 164-bp DNA fragment (Fig. 5B, lanes c, d, ¢, and d’).
Moreover, the PCR-Southern blot hybridization data suggested
that the 25-kb (L,) dsRNA occurs in Rhs 1AP at a very low
titer (Fig. 5B, lanes b and b’). It should be noted that L, was
not detectable in Rhs 1 AP by Northern blot hybridization analysis
(Fig. 3A, lane a) even after prolonged exposures of the X-ray
film to the respective hybridized blot (data not shown).

DISCUSSION

This is the first study showing the emergence of three novel
dsRNAs in a fungal culture. The three dsRNAs are genetically
different from one another, but they are also unrelated to dsRNAs
found in the parental culture. The conversion of the parental
virulent R. solani isolate Rhs 1AP to the hypovirulent Rhs 1Al
coincided with the appearance of the three novel dsRNAs (L,
M,, and S;) in subculture Rhs 1Al. By comparison, vigor re-
duction coincided with the loss of the two original Rhs 1AP
dsRNAs (L, and L;) in subcultures Rhs 1A2 and Rhs 1A3. We
are currently working on the development of a transformation
system for the Rhs 1AP isolate that will allow introduction of
full-length cDNAs or selected open reading frames (ORFs) of
particular dsRNAs to provide direct evidence of whether or not
they are responsible for the hypovirulence (Rhs 1Al) or the re-
duced vigor (Rhs 1A2 and Rhs 1A3) phenotype.

a b c d

a b cd
1,018 —

517 =

ab cd

201

e

154

Fig. 5. A, Analysis of polymerase chain reaction (PCR) products of total
DNA from Rhs 1Al (lanes a and a’) or Rhs AP (lanes b and b’) or
total double-stranded RNA (dsRNA) from Rhs 1Al (lanes ¢ and ¢’) or
Rhs 1AP (lanes d and d’). PCR was performed with primers (P4 and
P13) specific to M; dsRNA, and products were analyzed on 1.5% agarose
gels, blotted, and radioactively probed with cDNA clones of the M, dsRNA
(lanes a"-d"). B, Analysis of PCR products of total dsRNA from Rhs
1Al (lanes a and a’) or Rhs 1AP (lanes b and b’) or total DNA from
Rhs 1Al (lanes ¢ and ¢’) or Rhs |AP (lanes d and d’) with primers
(P19 and P20) specific to L,. PCR products were analyzed on 2% agarose
gels, blotted, and radioactively probed with cDNA clones of the L; dsRNA
(lanes a’-d").
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The phenotype and dsRNA content of the four cultures (Rhs
IAP, Rhs 1Al, Rhs 1A2, and Rhs 1A3) have been stable since
the time of their respective initial isolations. Over the course of
12 yr involving numerous subculturings, the original sclerotium-
derived Rhs 1AP gave only the three sectors described here. A
similar phenomenon of changing dsRNA profiles has been ob-
served in certain subcultures of the basidiomycete Agaricus bi-
sporus exhibiting a diseased phenotype (29). It was not reported,
however, whether the “new” dsRNAs were genetically related to
those occurring in the parental culture. Moreover, in A. bisporus,
the new dsRNAs were smaller than some of the original dsRNAs.
In our model, one of the new dsRNAs (L,) is the largest of the
five elements. Interestingly, Tartaglia et al (34) reported dsRNA
pattern variability attributed to the presence of several deletion
mutant dsSRNAs in the causal agent of chestnut blight, C. para-
sitica.

Large dsRNAs, such as the 25- (L;) or 23-kb (L;) dsRNA,
have been found in several fungi and plants (6,10,19,29,39). Some
of these dsRNAs are found in mitochondria. Preliminary work
in our laboratory suggests that L, L,, and M, dsRNAs are located
in the mitochondria and that L; and S, are associated with the
100,000-g pellet of the cytoplasmic fraction (7). A substantial
portion of the L, and M, elements were found in this pellet,
but it is not clear whether this can be attributed to ruptured
mitochondria or to movement of the elements from one cellular
location to another. Shapira et al (32) reported that a 12.7-kb
dsRNA, shown to cause hypovirulence in C. parasitica (14), has
a strand that possesses a 3’ poly(A) terminus and two contiguous
large ORFs. The 12.7-kb dsRNA has five distinct domains with
significant sequence similarity to conserved domains (e.g., RNA
polymerase, helicase, and proteases) found within polyproteins
of the plant potyvirus group that consists of positive-sense RNA
virus members (23). Sequence analysis of the 3.7-kb dsRNA (M,)
from Rhs 1Al and partial sequencing of the 23-kb dsRNA (L;)
from Rhs 1AP (23) show that they carry genes of a viral nature
(D. K. Lakshman and S. M. Tavantzis, unpublished).

The 3.4-kb cDNA clone of M, (clone 31) was the only radio-
labeled probe that hybridized to a band other than that cor-
responding to the cloned dsRNA (Fig. 3D, lane b). Two bands
migrating at the positions of 2.5 (M, ) and 1.5 kb (M, ,) cross-
hybridized with this clone. Upon denaturation, the 3.7- and 2.5-
kb elements migrated to their corresponding single-stranded posi-
tions, thus suggesting that they are typical dsRNA helices (Fig.
4). These results are in accordance with the RNase treatment
data, which showed the two bands from Rhs 1Al to be resistant
to RNase digestion at 0.3 M NaCl (Fig. 3D, lane f). In contrast,
the third cross-hybridizing band (M, ,) shifted position from an
apparent size of 1.5 kb in the native gel to that of 3.7 kb in
the formamide-formaldehyde gel (Fig. 4, lane b). Most impor-
tantly, denatured M, , comigrated with the denatured M, dsRNA
element (Fig. 4, lanes b and d), so it appears that M, , is a full-
length transcript of the M; dsRNA element possessing extensive
intramolecular base pairing that enables it to bind the CF-11
cellulose and elute with the dsRNA fraction. Furthermore, M, ,
should be a subgenomic replicative form of M,. Ongoing work
in our laboratory is addressing these hypotheses.

Some of the dsRNAs found in R. solani are components of
encapsidated mycoviruses (18,36) possessing RNA-dependent
RNA polymerase activity and protein-encoding dsRNA genome
segments (36). Castanho et al (13) were unable to detect viruslike
particles in dsSRNA-containing R. solani cultures. Other basidio-
mycetes have been reported to possess unencapsidated dsRNA
(5,16), whereas dsRNA associated with hypovirulence in C. para-
sitica is packaged in membranous vesicles (20). The five dsRNAs
in this study are associated with complexes that sediment upon
ultracentrifugation (unpublished data), but it is unknown whether
these complexes consist of typical virus capsids, vesicles, or other
entities. Work is underway to determine the nature of the struc-
tures associated with the dsSRNA elements described in this paper.

One of the most important questions concerns the origin of
the novel dsRNAs (L;, M, and S,) that appear in the Rhs 1Al
subculture. The PCR and Southern blot analyses showed that
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M, -related sequence(s) (3.7 kb) are found on the genomic DNA
of both Rhs 1AP and Rhs 1Al (Fig. 5A). Also, L,-related se-
quences (23 kb) are found on genomic DNA of both of these
isolates (N. Bharathan, D. K. Lakshman, and S. M. Tavantzis,
unpublished). In contrast, these experiments suggest that L, (25
kb) does not exist in DNA form in either of the two isolates
(Fig. 5B). L, however, is found in total dsRNA preparations
from Rhs 1AP in very low amounts (Fig. 5B). Characteristically,
Northern blot hybridization analyses failed to detect the 25-kb
dsRNA in Rhs AP (Fig. 3A). The PCR data also showed that
L, occurs in Rhs 1Al as more than one variant and in titers
greater than that found in Rhs 1AP (Fig. 5B). We are currently
examining whether the M,- and L,-related sequences exist on
the nuclear or the mitochondrial DNA of the fungus. Although
other explanations exist, some dsRNA elements might use a retro-
viral or retroposon mode of replication that involves a chromo-
somal or a mitochondrial copy of their respective sequences.
Schuster and Brennicke (31) described an ORF with high homol-
ogy to reverse transcriptase in the mitochondrial DNA of Oeno-
thera. This ORF is located between a sequence fragment from
mitochondrial DNA and a fragment of nuclear origin. They pro-
posed that an interorganellar transfer of genetic information might
occur through RNA in conjunction with a local reverse tran-
scription and genomic integration. Similarly, sequence homology
between large dsRNAs and nuclear DNA has been described in
a number of plants (38-40).
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