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1. Aspects of Research for the Period Janury 1988 - July 1988. 

I. DNA Plasmid of Rhizoctonia solani
 

A linear plasmdd DNA with a mol. wt. of 1 .6x106 was identified in 

virulent strains of R. solani (13 but not in a& 82), hypovirulent 

strain (521). The plasmid was stable at high levels of RNAse but 

disappeared by DNAse treatment. Restriction mapping of the DNA plasmid 

was required prior to any attempts to transform R. solani strains which 

lack the plasmid. Restriction sites of a number of enzymes were mapped
 

- EcoRI, AciI and San3A. Initial attempts to transform puc-13-ligated 

plasmid DNA were not successful. The experimental procedures were 

revised in order to remove impurities and raise the efficiency of the 

transformatlon process. 

II. Curing
 

Curing virulent strains of the dsRNA viruses will result in 

conversion of virulent strains to hypovirulent. Curing, therefore, 

will result in isogenic strains with similar genetic background, but 

differ in their virulence characters. This is an important step for 

further studies of virulence factors.
 

Two virulence-attenuated clones were derived from a virulent 

strain of R. solani by ethidium bromide treatment. The concentration 

of EtBr in the culture and the time of incubation was varied, since the 

viability of cells in EtBr was greatly reduced. EtBr is known to 

affect curing of plasmids and other extranuclear elements. Only one of 

the two attenuated strains also lacked dsRNA. However, the cured 

strain appeared unstable and as it regained the virulence characters, 

the dsRNA segments also gradually reappeared. 



2. 	cobperaticn 

During the course of the research project Dr. Ofusu-Asiedu visited 

twice the laboratory at Tel Aviv University. His stay was used 

primarily for providing Dr. Asiedu with the opportunity to learn the 

methodologies used in the study of the dsRNA viruses. In addition, 

these visits allowed direct interaction and lengthy discussions related 

to studies performed at Tel Aviv. During this period various proposals 

related to the studies in Ghana were developed. 

During the last year of the research Dr. Koltin traveled to Ghana and 

spent a week (Feb. 26 to March 7, 1988) in the Forest Products Research 

Institute at Kumasi. The visit was devoted to: 

a. 	 provide a short course (9 hours of lectures) on the dsRNA viruses of 

the fungi and the significance of these viruses and plasmids to 

agriculture. 

b. 	 to discuss the experimental aspects that were expected from the 

Ghanian laboratory. 

c. 	 to discuss basic problems for which the phenomenon of fungal 

hypovirulence may be applied. 

d. 	 to meet the students in Kumasi Institute of Science and Technology. 



In the course 7 staff members and students participated and all 

displayed considerable enthusiasm to gain understanding of the subject 

matter. Likewise the students are eager to learn. 

Unfortunately, the basic means for simple research are as yet hardly 

available at this time. The interaction with staff and student was 

very positive.
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Isolation of a Virus from Virulent Strains of Rhizoctonia solani 

By ALZA FINKLER,' Y. KOLTINI' 1. BARASH,- B. SNEH 3 
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Research, FacultY of LifeSciences. Tel Arir Unirersity, Ramnat Ar'i, 69 978 Tel At'h,,Israel 

(Accepted I Februarr 1985) 

SUMMARY
 

Double-stranded RNA viruses were detected in virulent strains of Rhi-octoniasolani. 
The virus particles were 33 nnm in diameter, contained two or three major segments of 
dsRNA (mol. wt. 1-6x 101, 1.45 x 10 and 1.25 x 10"),had a density ofl34 g/ml and 
had an estimated sedimentation coefficient of 161S. The major coat protein had a mol. 
wt. of 46000. An RNA-dependent RNA polymerase activity was associated with the 
viral capsids. Native hypovirulent strains of R. solani were devoid of these viruses and 
attenuation of virulent strains to hypovirulence appeared to be correlated with the loss 
of some or all of'the segments of dsRNA. Transmission of dsRNA from a virulent to a 
hypovirulent strain by heterokaryon formation was associated with the transmission of 
virulence. 

INTRODUCTION 

Viruses containing dsRNA are not uncommon among fungi. This group of viruses is generally 
characterized by a lack of symptom expression: in only a few cases have viruses been shown to 
affect the phenotype of their carrier fungus (Tipper & Bostian, 1984: Day & Dodds. 1979: 
Hollings. 1978: Ghabrial & %lernaugh, 1983). The lack of apparent expression of these viruses 
and their detection in an increasing number of plait. pathogens has led to the examination ot" 
their involvement inthe regulation of virulence. The results thus far are inconclusive, since 
viruses were detected inboth virulent and avirulent strains, and in strains that secrete a 
phytotoxin iswell as in those that do not (Rawlinson etal., 1973: Dunkle, 1974). 

Indications that the dsRNA of fungi may be associated with the regulation of virulence were 
reported in Endothia parasitica.the causative agent of chestnut blight (Van Alfen. 1982). The
 
available data suggest that the dsRNA segments act as attenuators of virulence and that the
 
expression of virulence is suppressed following the transmission of the dsRNA through
 
cytoduction between virulent and hypovirutent strains. This is the first case in which a role in the
 
aetiology of a disease can be ascribed to dsRNA and this is the only case in which an adaptive

value is suggested for the benign relationship between the carrier fungus and the dsRNA.
 

Three cases have been reported inwhich a diseased state of the mycelium was related to
 
dsRNA "plasmids' and dsRNA viruses (Castanho eta/., 1978: Ghabrial, 1980).
1978: Hollings, 

Two of the reports are from the plant pathogenic fungi Rhi:octonia solani and tlelinthosporihmt
 
tictoriae, and the findings suggest that diseased strains that contain dsRNA are less virulent
 
than those which do not. The diseased state was transmitted by cytoduction to healthy strains
 
along with the dsRNA. Since the suppression of virulence might result from incitement of the
 
disease in the fungal cells, this phenomenon is basically different from the regulation of'
 
virulence in E.parasiticain which the hypovirulent strains remain healthy. Re-examination of the
 
relationship between dsRNA and virulence was therefore undertaken with R. solani.
 

R. solani is a soil-borne pathogen whiich causes root decay in over 130 species (Baker, 1970). 
Castanho ctal. (1978) and Castanho & Butler (1978a) showed that dsRNA occurred in the 
diseased hypovirulent strain and were able to select a healthy virulent strain from this diseased 
strain. The virulent strain was devoid ofdsRNA and was converted into a hypovirulent strain by 
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and that the nativeof the strainsthe transmission of dsRNA from the 
to 

diseased strain to the healthy strain. In this paper we show 

is not related the diseased state
that the virulence 

hypovirulent strains do not conta.j dsRN A whereas the virulent strains contain dsRNA viruses. 

IMETHODS 

purchased from Amersham. The nucleoside triphosphates. polyethylene glycol 

Materials. 5.6-['HIUTI was 

(mol. wt. 6000), RNase (bovine pancreatic ribonuclease A) and DNase (beef p'ncreas DNase I)were all obtained 

was treated before use with Amberlite Monobed 
US .A.) 

from Sigma. Glyoxal (Fisher Scientific, Fairlawn. N .. 

Ultra-pure sucrose was obtained from Bethesda Research Laboratories and CsCI was
 

mixed resin MB-3 kBDH) 


obtained from Metallgesellschaft (F.R.G.) Restriction endonuclhases were obtained from BioLab (St Paul. Min..
 

were from Pharmacia. 
U.S.A.). The low molecular weight protein standards 

solted from soil sainpies from various locations 
bran as described by

ea 
Fungalcultures.Tie strains of R. u/lant used in the study were 

. ...The .culturesww.. were maintained and 
.. 

in Israel according to the procedure described by Boosalis & Scharen (1959). 


to 2, 'C and in dry soil containing .o (w,'w) wheat
 
stored both in potato deitrose agar at '4 from their hyptlal morphology. by the detection of 

130)The cultures were dentified as R. solaiButler 1980) and by determination of the 
haemtatoxylin (Parmeter. 

multinucleate cells followi:tg staining with 
testers (Parmeter ei al.. 1969) (Table IH.
 

anastomosis group (AG) of each isolate using known standard 


Pathogencity tests. The sirlence of each strain used in the study was tested by determining its p:thogenicity 
were 

towards six hosts b, the plate assay described by Castanho & Butler (1978h). The hosts used in these tests 

uiatus LA, tolsato )Lvcpersicon esculentumfnMill). onion (,Illiui cepa L.). carrot i Daucus carota 

hirstitn L.) and bean (Phaseolus t.ulgaris L.). The reliability of the plate
radish (Raphatnus 
L. var sati'a DC ). cotion (Gi ssipwi i 

assay was tested atndconfirmed in greenhouse tests and in field experitents. 
15s in a Sorall Omnimixer in a small 

on agar were blended for 10to 
M.,,celia grownE.xtracttf od.iwRV.-. 

volume of distilled water under aseptic conditions and used to inoculate 2 litre tlasbs. containing 2'. glucose. I 
Brunswick 

were grown lor 5 'C on a rotary shakertiNe 
_ to , days at 

yeast extract. The cultures 
peptone and I %, 

. U.S A.). The myceliuni was hars -sted by tiltratton. washed with distilled water. 

Scientific. New Brunsw ick. N i 

,Nucleic acids wereextracted ind characterized essen1ially is described byCaytatiloeial 00-31, usually irom !I) 

'). (m5~~ il 
stglycine. ml)1 Nt-Na4I peed 

gof mnycelium. Each (0gof froicn myceliLIMi wasIrtUttrted in ISml 01 I 1)t htgh 
ml 2.ercaptoetlianol aid 21inl water.,aturated phienol:chlorofori 

(pH (5), with . 

for 5 min in an Omnimiser kept at 4 'C.Tile hoinogenate was further processed in a Braun homogenizer for 5 min 
I*SDS 

using 25gof 0.45 tin glass beads. The homogenate was then returned to the rotar) shaker for 00 min. Cell denris 

20 2Cafter addition of 

extrated with 'Phenol: chloroformn0 :1). The nucleic acids were precipitated overnight atwas removed by centrifugation at 3000.g in a Sorvall SS-34 rotor for 15min at 4 C and the 
-

aqueous phase was re­

! d c Thts pellet was resuspended 
N aCI to 03 1.then pe lete by entrifugation at I:0009g for 15mi. 

vas separated
2vol. ethanol and t 9(TSE buffer) cuntaining 15'. ethanol: dsRNA 

in 0-1%-NaCI. I mst-EDTA. 0.05 st.Tri-1ICI pH 
on a CFII column asdescribed by Franklin ()9bh'i. Double­

from tie total nucleic acids by chromatography 

stranded RNA was then precipitated with ethanol (in tile presence of 03 M-NaCI) and resuspended in the buffer 

pH 7.4)containing I mst-EDTA. 
used for electrophoresis (0014t.Tris--acetate 

were separated by electrophoresis in 4'. polyacrylamide slab 
Species of dsRNA a ChromatoVueCharacteriation,fdsR.VA. bromide for 10 min. viewed with 
with I pg.ml ethidium awere stained and photogtaphrd with

gels. The gels Gabriel. Ca., U.S.A.) 
TM36. UitraViolet Products. San 

IP4) using a Kodak Wratten No. 9 Filter. Nuclease treatments were as described by 

Polaroid camera (model min. 
Transilluminator (model 

fttios. Cultures were grown in2 litre lasks as described above. In a fe's experimentsal. (1978) except that DNasc was used at 4'C for 10 

Isolation andpuritictitii'Ofl a mixture of salts and trace elements iWeinhold et al.. 

a medium containing 2". glucose. 02'. asparagine and 
containing 50 mnst-Trts-lCl. 

Castanho et 

+l15St­

was used. The mycelium %as harvested and washed with lysis 'uffer 
'C overnight. Virtons ere 

1969) 


NaCL. 10 im-MuSO,, I mst-dithiothreitoland 01 st-EDTA (pH 7 5) and frozen at -20 


The mycelim was suspended in lysis butter containing 
at 

purified essentially is described hy Welsh et a/. (19801)) 
was centrifuged for 30 mm 

asfor the extraction of dsRNA. The homogenate 
015 M-NaCI and disintegrated 

12000 g to remove cell debris and the virlons were pelleted from the superniatant in a Beckman SW27 rotor for 91 

min at 133000 q.The pellet was dispersed in lysis buffer containing 05 %i-NaCIand the virions were precipitated 

glycol to tle ;olution. After I h at a C the suspension wvavcentrifuged for 10mm 

(wv polyihet n and '5" , pol ethyNene gl.col.
by atlding 4' 

i lysis butter containing 0I si-NaCG The
10000 g and the pellet was disperscdat 

sodium dextran sulphate the virus suspension was incubated for I h a.C. 

Following the addition of O.2", 
g for 10 min was resuspended in lysis buffer containing ).)5 I-NaCI 

\fter I itthe dextran sulphate and ribosomes were remosed by centrifugatton for 10min 

and 3 t.KCI (20 3. v SI .. pit 75.01 mi-EDTA. 40 mMt-NaCI.pellet obtained after centrmfugation at 43100 

at 4300 g ind the supernatant wasdialysed for 2 h1against 50 mst-Trits-HC 

giycerol (buffer GI The virions were pelleted from the supernatant 
.ns-mercaptoethan,)l.10 mM-MgSO,. 4 m 1I0% 
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by centrifugation at 80000 g overnight or at 133000)g for 2 h and the pellet was resuspended in buffer G. The 

virions were further purified by centrifugation in a 10to 40% sucrose gradient in a SW27 rotor (Beckman) for 4 h 

at 10000 g. Each 15 ml fraction was then examined for the presence of viriors. for dsRNA and for RNA 

polsmerase activity. The fractions of interest were dialysed for 2 h against a large volume of buffer G and 

centrifuged. Pellets were resuspended in butter G lacking glycerol and further purified and characterized by 
0 0

centrifugation in a CsCl density gradient in aSWnro rotor at Il 'C for 45 h at 200 0 g The initial density of the 

CuI was 131 giml. Gradients were fractionated (0-3 ml) in an ISCO density gradient fractionator. 

Dererminaionofsedientarion coefficient. Virions were resu: pended in 001 M-Tris-HCI, I mst-EDTA, pH 7.5 

(TE buffer)and centrifuged in a Beckman Model E ultracentrifuge. The sedimentation coefficient was corrected 

to s:,..according to Sedber3 & Pedersen (1940). 

RNA polymeruse actiti-y. The conditions for RNA polymerase activity were similar to those defined by Ben-Zvi 

et at. (1984) for Uitsago murdis virus. The activities of fiactions from the sucrose gradients were tested in the 

presence of actinomycin D (125 pg,,ml) for 2 h.at 30'C 
Characteri-ation synthesized in reactions incubated for 24 h atofthetirat transcripts. Large transcripts were 

30 'C. Reaction mixties contained I mM of each nucleoside triphosphate and 0-8 mg'ml bentonite to reduce 

nuclease activity. After incubation, reaction mixtures were extracted with phenol and the nucleic acids were 

ethanol-precipitated. The products were denatured in glyoxal and characterized by electrophoresis in 1-5% 

agarose slab gels as described by Cannichae. & MNcaster (1980). 
Cliuracter:artonsof the capsidproteins. Proteins were denatred by heating in 1" SDS. I o, 2-rnercaptoethanl, 

625 msi-Tris-ICI, 2 mst-EDTA. 10'. glycerol and 005'. bromophenol blue (pH6-8)a' 100 'C for 3 min.The 

proteins were characterized by electrophoresis in 12-5'. polyacr'lamide slab gels cotaining 0.05% SDS with a 

stackin, gel of t". polyacrsla:nide. at150V in Tr's-glvcsne buffer ILaemmli. 19701containing 0-1". (wiv) SDS. 

The gels were stained .,its11". Cim issie lrilliant Blue R in acetic acid :methanol:water (1:5:4, by vol.). 
lectront turiiicopr.(i ids 's,,rc coated dith'115'. Formvar and carbon. Virionswere stained with 2'. uranyl 

acetate and examined ina 11EOL t100electron rnicrosciipe. 

RESULTS
 

Del'c'tiotn ofdiihle-stratide'dRVA in R. solani 

Strains oh' R. swlaoi %ere iolated froit a range of diverse ecological niches, in various parts of 
Israel. 01 the ielgit forstudy, were identified virulent and lburstrais sctelted four as as 
hypovirulent. The deree uF viru!ence was determined by pathogenicity tests (Table 1).Virulent 
and hypovirulent strains could not be distinguished morphologically or by'differences in their 
growth rates. The strains selected tor the study were healthy in appe'arance and all grew at the 
same rate. Examination of the dsRN.-\ cotitent o"t'he -ungal mvcelia revealed aclear distinction 

1m1 disese sereritY index o- of R. solaniTable 1. lost rams'L strains 

Disease severity index* 

Strain no. AG R T C B Co 0 

Virulent 
82 4 5 0 0 00 I00 000 5.01 - ).00 5.00- 0.00 2-00 - 0-00 4.80= 0-119 
13 4 5,101-114 5-il) ol- 5-0) -- 00 3-00 000 5-00 - 0-000 5-00 1.00 
56 4 -i ) - 1).til 4il - 2-00 5-00 0-00 -5-wI) 5-00 0.00 -_0-00 -- 5-00 0.0
 
53 4 of 5.00 l00) 5-00. 0-10 5-00 - 1)-00 5-00 0-00
5,10 o o - 0-00
 

I89HT" I 500 - 0 t .') 4l - 4109 2.00-0-il) -. 0-01 0-00
500 I00 


Hypovirulent 
160 2 100 -: ' 5t) 0-141 0-00 0.011 0-O0 
521 4 170 - 003 I-0ll 000 000 0-4)1 0.00 

558 4 I.1 I)- ill) 1011 2-10 - 001 1 -000 0 0 1.00-0-00 
751 I 2.o 100 1 .09- 003 100 ,-000 1.00-0 0-00 0-00 0-00 
189af I 1 i1038 0.00 0-00 000 000 0.00 

based areaof hypocotyl of seedlings. The results with six hosts are 
presented (R,radish. T. torit: C, carrot: Co.cotton; B, bean: 0, onion). Tests conducted with five additional 
hosts gave similar reults Withoutany exreption. The scale of Ito 5 refers to the area of infection: 0, no detectable 
infection. I, I to I0%l.,2, II ro30%o.3, 31 to 501,, 51 to S%0; 5. over 80". 

t Strains kindlh sentby Dr E. E. fuilkr. Department of Plant Pathology, Univeisity ofCalifornia, Davis. Ca.. 

* Virulence ratings ",cre on the infected 

U.S.A. 
Standard error: n = 45. 
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(a) (b) (c) (d) (e) (f) 
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6/ 
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Fig. 1 Polyacrylamide gelelectrophoresis of dsRNA isolated from strains of R. solani: (a) 53 
hypovirulent obtained by hyphal tip isolation from 53.(b)53,(c) 56. (d)82 hypovirulent obtained by 
hyphal tip isolation from 82 and Ie)82. If0 Usitlaqo maydis P4 strain dsRNA (Field et al.. 1983). The 
mol. wt. ( 101) of scements marked I to 6 are 1.7, 1.6. 145, 1.32. 1-25and 1.225. 

between the two groups: dsRNA could not be recovered from those strains which were classified 
as hypovirulent (no. 160, 521, 558, 751), but was detected by the same procedure in strains that 
were classified as virulent (no. 13. 53, 56. 82) (Fig. I). 

Since a segmented geniome is typical ofdsRNA viruses of fungi, it was essential to ascertain 
precisely the pattern of segmentation obtained in each case and to exclude misleading artefacts. 
In the course of purification of the dsRNA from the various isolates of R. soiati. some high 
molecular weight bands were noticed in polvacrylamide gels even after the recovery of the 
nucleic acids from CF I columns, which wzce specifically designed to separate the replicative 
and non-replicative forms of ssRNA in viruses. The nucleic acids, recovered from the CFI I 
column and expected to contain dsRNA, were subjected to various tests to ascertain the nature 
of these molecules. The samples were exposed to RNase at high and low ionic strength, or 
treated with DNase or with a series of restriction endonucleases (BamlH, HitdIll and Sall). 

The results indicated that the components noticed often in the upper portion of the 
polvacrylamide gels, with an estimated molecular weight of 3 x 10' to 7 x 101, , were not RNA 
and consisted of a heterogeneous population of molecules. The heterogeneity of this component 
was readily noticed in I '0 agarose gels. in which it did not form a discrete band. and aiso in the 
electron microscope this component was seen as a heterogeneous group of molecules. 
Furthermore, this component was unaffected by RNase at high ionic strength, was slightly 
sensitive to treatment at low ionic strength and was highly sensitive to digestion with DNase. 
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>7. 

Fig. . . . %iEecron micrograph of* iii I 11.I w R. Whlu Or n 13 irs paricles purified in a CsC 
density gradientBar marker representsI100nin
 

Digestion with the restriction enzymes resulted in a non-specific digestion of these molecules 
this further confirmed the heterogeneity of this component.

Among the segments that clearly behaved as dsRNA, two distinct and consistent patterns
were identified. Pattern A. foand in strains 53 and 82, was of three distinct dsRNA segments
with molecular weights of 16 x 10", 10 and 1.25 x 10". Pattern B,found in strains 13 

' 
1.45 x 

and 56, t
was of two distinct segments of dsRNA wvith molecular weights of 1.45 x l0 and 
1.25x 10". These patterns were seen both in polvacrylamide and agarose gels. However, when
tested in polyacrylamide gels, pattern A dsRNA also contained minor hands with molecular 
weights of 1.7x 10, 1.325 x 10" and 1.225 x 10". 

Charactcrioat oftiruts partichs 

Sedimentation insucrose grai'nts 
Using the procedure for the isolation of virions. sucrose gradient fractions of virulent strains,

but not hypovirulent strains, were found to contain virus-like isometric particles with adiameter 
of 30 to 35 nm (Fig. 2). Most of the dsR NA extractable from fractions from the sucrose gradients 
was in the fractions that contained virions (Fig. 5,). The dsRNA was resolved by
polyacrylamide gel electrophoresis into segments having the same molecular weights . iose of
dsRNA extracted directly from the myCelium. Ilowever, in most preparations only two 
segments of dsRNA (mol. wt. 1.45 x 10" and 1.25 x 10") svere extracted frm virions purified
from isolates giving dsRNA of pattern A. 

The sedimentation coefficient was determined using a virus preparation which had been
centrifuged in two successive sucrose gradients. A value of 161S + 4S was obtained. 

Cetitrilitgatii in CsCI ulensir gradients 
Further purification of the virions was obtained by centuifugation in CsCI density gradients.

Two components were obtained which had densities of 1-3J g 1ml and 1.29 g,'ml (Fig. 3a). Virus
particles were detected by electron microscopy in both pealks but RNA extraction yielded 
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Fig. 3. la) CsCI density profile IT. top; B. bottom) of R. inlam virus from strain 13. Centrifueation was 

for 45 I at 18 C and 2(10000g. Ih) dsRNA distribution along CsCI density gradient: 005 ml samples of 

each iraction were e ttracted with phenol: chloroform (W:1), precipitated i. it h ethanol at -21 'C and 
in Fig. I (e).electrophiorsed in a 4", polyacrylamide gel. 82 is RNA as 

dsRNA only frotn the more dense component (Fig. 3W). It is quite likely that the less dense peak 

for many fungal viruses (Bozarth. 1979). these
consists of empty virions, and that as reported 

comprise a large proportion of the purified virions. 

Particleprotein 
was 

wt. 46000 was detected in both
The protein content of virions purified by centrifugation in a CsCI density gradient 

examined by SDS-PAGE (Fig. 4). A single protein with mol. 

density components. These results suggest that the lower density component consisted of empty 

capsids. It contained, in addition to the major protein, two other minor proteins. The results of 

translation experiments in ritro (A. Finkler. B. Ben-Zvi & Y. Koltin. unpublished results) 

suggest that these additional proteins are contaminants. 

/ 

/ 
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(a) (b) (c) (c) 

Fig. 4.S S -P \GFEd iral prolens putified from R.solani strain 56. (a)Low mol. wt. marker proteins
of 94000. b71)0o. 4 i))O).3(1100. 20)0)) and 141)00. (b) Protein from virus purified by sedimentation in a 
sucrose gradient. (.) Protein from virus foirm inu the light component (Fig. 3)after centrifueation ina 
CuCI deni ly radient (d) \s it!. hu niaterial fromnthe hcay compinenit. 

RVI po/,,ra.; ct Ijcu 
Virus-associated R.NA-depLndent RNA polymerase activity has been found in most of the 

fungal viruses in whlch this enz. me actuvity has been sought (Ben-Zvi er al., 1984; Buck. 1975. 
1979: Buck et al., 981 , Ratti & Buck. 1979). Therefore, this,polymerase activity was used to test 
for tile presence of virion- among the fractions of a 10 to 40'. sucrose gradient. Maximum 
activity of the RNA polymerase coincided with the position of those fractions containing
dsRNA (Fig. a, h)whilch, as shown earlier, were those containing virus particles. Some dsRNA 
was extracted from the bottom fraction of tbe gradient, presumably because some virions had 
aggregated and pelleted, but that fraction lacked polymerase activity. Similar results were 
obtained with virions purified in a second sucrose gradient. No polymerase activity was found in 
similar tests with extracts from hypovirulent strains. This result, as well as the absence of 
dsRNA and virus particles, suggests that these strains lack virions. A linear relationshtp was 
observed between RNA polymerase activity and virus concentration up to 2 mg/ml (Fig. 6).
Thus, the virion-associated RNA-dependent RNA polymerase activity that is characteristic of 
many fungal viruses isalso found in the virus particles isolated from R.solai and can be used to 
monitor the isolation of these viruses. 

During the examination of the fractionated sucrose gradients it became clear that the high
molecular weight components, shown earlier to be heterogeneous DNAs, were not associated in 
any way with tile polymerase activity. This component did not band clearly in the sucrose 
gradients and si:peared in many fractions along the gradient in which there was no polymerase
activity. Furtiiermore, in the CsCI density gradient this fraction did not band with the dsRNA. 

When RNA polymerase reactions were incubated for 24 h in the presence of bentonite. the 
reaction did not reach a plateau. The products of the long reaction were characterized initially 
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Fig. 5. (a)Distribution of RNA polymerase activity of R. solanistrain 56 vius in fractions of a 10to 

40% sucrose gradient after centrifugation for 4 Is at 110000 g at 4 C. 0. Polymerase activity: 0. 
fractions of the sucrose 

sucrose concentration. (b) Flctrophoresis of virion dsRNA extracted from 
were extracted with phenol and analysed on 4'. polvacrlamide gels. 56 is 

gradient. Samples (03 ml) 

RNA as in Fie. lIe).
 

by CFI I column chromatography, used for separation ofssRNA from dsRNA (Franklin. 1966). 

It appeared that 87'. of the labelled UTP was incorporated into ssRNA that was eluted from the 

dsRNA that was eluted with TSE buffer without ethanol 
column with 15°, ethanol. The 


contained approximately 13% of the labelled UTP incorporated during the polymerase reaction.
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Fig. 6. Dependence of the RNA polytrerase reaction on ,he concentration of virions. At the indicated 
times. 5 i samples were :ested for TCA-precipitable (3HIL'I'P (sp. act. 190 c.p.m. pmcl. A virus 
prepiration was purifieo from R.solani strain ? by sedimentation in a sucrose gtadicat and used at the 
following concentrations: C,225 ug'ml *0. 450 ug,ml:,. 1120pg ml:A, 223( pg'mh C, 2800 pg;rI. 

Fig. 7. Polyacrylamide gel cont :ins5gdsRNA isolated from the virulent donor strain 182) and the 
recipient suam (521) 'transformed' to virulence. ia. b)dsRNA from the two strains 'transformed' to 
virulence. l(cdsRNA from the viruleat donor strain. (d)dsRNAmol. .tmarkers (U.maidisP4 virus). 

These results suggest that the major product of the polymerase activity is ssRNA and that the 
RNA-dependent RNA polymerase activity associated with the viriors represents transcription 
activity. The radioactivity associated with the dsRNA may result from incomplete transcripts 
synthesized on a dsRNA template. 

The molecular weight of the newly synthesized transcripts was estimated by gel 
electrophorsis in agarose af.er tr':atm Lnt of the RNA with glvoxal. One band ofmol. wt. 0.75 x 
100 was obtained, although i:is possible that more than one transcript was present but diTicult 
to resolve. 

Contversion J c',irtdent strains to It'potirulence 

Attenuation of virulence was obtained by hyphal tip isolation from virulent strains (no. 82 and 
53). A hypovirulent strain was recovered from each of the virulent strains. The frequency of 
recovery of the hypovirulent cultures from both strains was about I '.'. No virulent strains were 
isolated from hypovirulent strains. To dete-mine whether there is any correlation between 
virulence and an alteration of the dsRNA content of these strains, the dsRNA was extracted and 
analysed in polyacrvlamide gels (Fig. I d, a).The analysis clearly indicated a change in the 
hypovirulent clones derived from the virulent strains. The clone derived from strain 82 had lost 
two dsRNA segments (mol. wt. 1.25 x 106 and 1.225 x 10") which the virulent strain 82 
initially possessed, whereas the clone derived from strain 53 had lost all the major segments of 
dsRNA. The faint bands seen in Fig. I(b)were not observtd in agarose gels. 
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Co-transmissionof virulence and dsRNA 
with the

To determine whether the cytop!asmic transmission of dsRNA coincides 

transmission of virulence, a classical heterokaryon transfer experiment was performed (Jinks, 

1964). A virulent strain (no. 82)ar.d a	hypovirulent strain (no. 521), of the same incompatibility 

were selected based on their differential sensitivity to 
group (anastomosis group, AG 4), 

a concentration of 2.5
different fungi:ides. The virulent strain was resistant to Benomyl at 

pgigml, but sensitive to BTN (BAY NTN 19701, Mobay Chemicals, U.S.A.). The hypovirulent 

strain (521) was resistant to BTN at a concentration of 75 lig/ml but sensitive to Benomyl. The 

differential sensitivity permits identification of the two strains and selection of the parental 
to Benomyl has been

strains. Both agent.; affect the microtubules, and nuclear resistance 
19'78; Neff etal., 1983). In addition to ihe

reported in a number of fungi (Sheir-Ness etal., 


resistance to the fungicides, the strains differed in the synthesis of melanin and production of
 

sclerotia. The virulent strain contained dsRNA viruses whereas the hypovirulent strain did not. 

Two methods were used for sampling hyphae after interaction between the two strains. In the 

first method the strains were confronted in anon-selective medium and allowed to interact for 48 

h. Samples were withdrawn from the line of confrontation and plated on selective medium in 

which only the hypovirulent strain could grow. In the second method the hypovirulent strain was 

inoculated in non-selective medium in the centre of the platL and allowed to grow in optimum 

conditions; until two-thirds of the plate area was cvered by this strain. The virulent strain was 

centre of the plate, thus establishing immediate contact with the
then inoculated into the 

were sampled from the periphery of the
mycelium of the ,ypovirulent strain. Hyphul tips 

hypo irulent rmyceliun after 48 h. grown in noui-selective medium and then tested for resistance 
this method is that the area from which the 

to the fungicides and for virulence. The advantage o!* 
as can be 

hyphal tips are isolat,:d is at adistance from the growing cells of the virulent strain, 

determined by measuring the radial growth ii control plates. Thus, the probability of recovering 

only the hypovirulent strain is very high u ing this method. 
two virulent colonies were identified with all the 

O1 25 colonies, obtained in both methods. 
markers typical of the hypovirulent str:in (no. 521). These cultures derived from hyphal tips 

did not secrete melanin and produced tiny hyaline
were r,.sistant to BTN. sensitive to Benom,-, 

sclerotia typical of the hytovirtilent strain. Yet, in tests of virulence both were virulent in the 

piate assay. Wien the new "transformed' virulent strains were tested for tile presence ofdsRNA 

(the parental hypovirulent strain was devoid of dsRNA), thei were found to contain it. The 

was typical of the dsRNA segments contained in viruses 
pattern of segmentation recovered 

recovered from the virulent strain (no. 82) (Fig. 7).
 

DISCUSSION 

The results indicate the presence of viruses in virulent strains of R.solani. These particles were 
a dsRNA genome.

30 to 35 imnin diameter and, like many other fungal viruses, contain 
10" were extracted from vrion preparations. It isx 10- and 1.25 xSegments of mol. wt. 1.45 

yet to determine whether these are separately encapsidated. A RNA-dependentimpossible as 
RNA polymerase is also associated with the virus particles. Hypovirulent strains, however, are 

devoid of dsRNA and virus particles. 

In the course of this study adsRNA segment with a molecular weight of 1.6x 10b has been 

extracted from the mycelia of a number of virulent strains. This segment has not been detected 

x 10
' mol. wt. segment is either not encapsidated or

in the virions. It is unclear whether the 1.6 
x 101'and 1.25 x 100 mol. wt. species. The 

is much less abundant in particles than are the 1.45 

involvement of naked dsR NA io suppressing virulence in Edothiaparasitica has been described 

b'y Van ..\itetn & Hansen (19831 It is also possible that the 1.6x I10mol. wt.segment belongs to 

solation procedure. Mixed infections by two or more viruses are 
a different virus lost during the 

common in fungi.
 

to hypovirulence, in 
The results of the attenuation experiments, altering virulent strains 

x 106 and 1.225 x 10") from strain no. 
which a Itu:s ofspecific dsRNA segments (mol. wt. 1.25 

82. and the loss of the major segments of dsRNA in strain no. 53 were detected. suggest that the 
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dsRNA viruses code for the information which produces or regulates the virulence. This idea is 
further supported by the simultaneous cytoplasmic transmission of virulence and dsRNA from a 
virulent to a hypovirulent strain. Thus, corrective evidence that a genetic element determining 
virulence is transmissible with dsRNA is provided. A recent report (Hashiba e al., 1984) 
correlates the presence of a small DNA plasmid with hypovirulence in R. solani. However, the 
characterization of the nucleic acid as DNA is incomplete and the strains studied were 
debilitated and very different from the hypovirulent strains used in the present study. Another 
report (Martini et al., 1978) claims that determinants of virulence in R. solani lie on a la:ge DNA 
plasmid. We have also found a DNA component (mol. wt. 3 x 106 to 7 x 10') buit it wis present 
in both virulent and hypovirulent strains and was not associated with viral particles. Whereas 
more than one factor may be involved in regulation of virulence, final proof of the role of each 
will only be obtained by infection experiments with purified virus and by transformation 
eacperiments in the case of a DNA plasmid. 

The results presented are contradictory to those published earlier by Castanho et al. (1978). 
The differences may stem from the fact that in the present study the virulent and hypovirulent 
strains used were healthy whereas in the earlier study the hypovirulent strain was diseased. 
Castanho et al.(1978) have claimed the transmission of tle diseased state which 'hey referred to 
as hypovirulence. It is clear from the present study that the diseased state cantot be equated with 
hypovirulenee and that the degree of virulence of the so-called hypovirulent strain may have 
been masked by the diseased state. This is strengthened by expriments in our laboratory in 
which virulent cultures were derived from Castanho's hypovirulent strain, yet we were unable to 
detect virulent cultures among hundreds of hyphal tip isolates from a number of' hypovirulent 
strains used in our study. 

Castanho et al. (1978) identified three segments of dsRNA in the diseased strain and only 
occasionall were traces found in the healthy virulent strain derived from the diseased strL in. 
Re-e.amination of these strains in our laboratory confirmed the tindings with respect to the 
diseased strain. However. dsRNA was also detected in the virulen: strain. The molecular 
weights of the segments were identical to those found in the virulent strains in the present study. 
The occurrence ofdsRNA in the mvcdlia of virulent strains isalso supported by recent findings 
ofZanzinger eta. (1984). Hovever, these authors reported the isolation ofdsRNA from a hypo­
virulent strain but their criteria are similar to those of Castanho et al. (11o78), namely slow 
growth. 

A more relevant comparison is between our findings in R. solam and those reported in E. 
parasiti-a (Van Allen. 1982). The dsRNA found in hypoviruleat strains of this pathoge.tc 
fungus is thought to suppress virulence. However, vieving the dsRNA viruses as adaptive 
factors, it is conceivable tht in somne forms the information may be suppressive whereas in 
others it may induce virulence. Available information from other dsRNA viruses of fungi 
(Tipper &Bostian, 1984; Wigderson & Koltn, 1982) suggests t..t even within one species some 
molecules may act in the expression of functions encoded by the dsRNA and other molecules 
may act as eliminators of dsR NA segments encoding these functions. The nature of the dsRNA­
encoded information in pathogenic fungi should provide an insight on the regulation of 
virulence. 

The authors wish to thank R.Steiauf. B.Ben-Zvi and M.Auster for their assistance. The determinution of the 
sedimentation coetficent was performed by Dr E. Danici of the Department of Biochemistry, Tel Aviv 
University. The support of the US-Israel Agricultural Research and Deve!opment Fund and the Israel-German 
Biotechnology Program IDISNATis acknowledged.121 
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Introduction 
Two decades have passed since viruses were first isolated froma fungus (Klcinschmidt & Ellis, 1967). Viruses are now known tooccur in many fungi including some 40 different speciespathogens (Day & 

that are plantDodds, 1979). The genetics, molecular biology a',dphysical properties of these viruses have been described in detail by Lemke(1979) and more recently by Buck (1986). The inlbrmation to dalesuggests that only in a very fev cases do the carriers of these virusesdisplay a unique phenotype that can be related to the viruses (Bevan,Herring & Mitchell, 1973; Wood & Bozarth. 1973: Caslanho, Butler &Shepherd. 1978: Hollings, 1978: Ghabrial & Mernaugh. 1983). Rarely dophenotypes 
to 

con ferred by the viruses contribute a selective advantaethe cacrier. The complexity
(Bruenn 

of their orga nisation and maintenance& Brennan, 1980; Buck et al.. 198iii. 1981 c:Welsh & Leibowitz.1982: Field et al.. 1983) sugests that some selective forces must operate
to maintain them. 

A segmented Lcnome of' dotble-stranded RNA typifies tie fungalviruses (Bozarth. 
 1979: [Bozarth et al.. 1981). The segments are separately
encapsidatCd, each with its uni-ue information but with 
an antigenically
identical coat, and an RNA-dependent RNA nolymerase is associated
with the viral coats. The general features of the system 
are thus similarto those of a major virus with a number of' satellite viruses. No proviralstate has yet been detected (Bruenn. 1980: Ben-Zvi et at. 1984). Trans­mission of the viruses is through cytoplasmic exchange between compat­ible mating types of' one species. Artificial infection methods have beendevised very recently (Stanway & Buck, 1984).Genetic instability of various characters in fungi, at a rate exceeding 
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that attrihutahle to gene mutations, has been reported for many years. 

Sime of the unstable characters are related to sporulation. morphology. 

synthesis of' secondary metaholites and virulence (.links, 1959: Grindle. 

factors related to genetic instability in prokaryote, and1964). As the 

are resolved, anti the role o plasmItids and transposableeukaryotes 
elements is recogniscd (Shapiro, 1983), one overriding fact that emerges 

in consideration of fungal instability is that )NA plasmid are not 

In fungi the extent of instability related to transposiitions 5abundant. 
as yet unclear (1-sser ctal.,1983: Roeder & Fink. 1983) but the abundance 

of dsRNA viruses suggests these factors are a much more significant 

virures has been docuInientedsource of instabilit,. Genetic drift in RN A 

both in molecular terms and in epidemiological outbrcaks (Ortino ci al., 

1980; Sugiyanra. Bis1hop & Ro.y, 1981; IfHolland tt (!.. I982). It seems 

that in the absence of an RN A repair mechanism, and lacking a DNA 

a high frequency of genetic alterationsproviral state, such viruses show 

and a strong genetic drilt which may manilcst itself as instability in the 

host.
 

Phenotype expiession in the fungal host resulting from viral infection 

includes the secretion of a toxin (luhalla. 19)68: Day & Dodds. 1979), 

Butler & Shepherd. 1978:degeneration of !'ungaLl cell (C.stalnho. 
ine instance. theF-lollings, 1978: (ltahri:al & Nlernaugh, 1983) and. in 

1 1t)82). The latter lindlin2S are tiheattenuation of virulence IV.n Alfen, 
adalptive ',tlintagefirst in khicli a positive selection is indicated and an 

to the Fungal host is corn rred hV the disRN A virus. l-ev SU21eCet ali 

explanation for the rapid CestlblishltLent o1 Ctluilibrium bet een the host 

for the elidemic of the cltestnut blightand pathogen that wkas recorded 

caused by the pathogen L-Ootmj ,;Orastiic ((,irctc & Sauret. 1909: Van 

Alfen t al.,1975). 

Although dsRNA viruses have been detected in many plant pathogens, 

in only a few has there been any exaitinatiotn of the relationship between 
conflusing. Illsoine. tlevirulence and the virus. Results have been ofteri 

complexity of the system resulting fronr the occurrence of'multiple viral 

infections. such :isinthe causative agent of the take-all disease. prccluded 

a clear analysis (Rawlinsorn cial.,1973). In others, incomplete charac­

terisation of the ,iruses anti their genonc organisatior mtade the anralvsis 

premature. For ,'xample. both diseased and normal strains of llcImit­

ihosporittum riCioria', the causal aaienriof Victoria tflight if oats. contain 

virus-like particles ((Ghabrial. Sanderlin & Calvert, 1979), as do toxin 

and nontoxin prodrIciring strains of Perirorria circotit (I)uinklc. 1974). In 

addition. the multiconponent problem, i.e. the involvement of the fungal 
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pathogen, viruses of tile fungal pathogen and the host plant, all possiblyinteracting genetically, has led to premature conclusions in various
studies. Also, since the definition of virulence may be subjective unless,well defined criteria are used, interpretation of the data can be very 
confusing. 

Generalisations cannot be made about the relationship of fungal
dsRNA viruses and virulence and the range of effects expressed. The
adaptation by attenuation of virulence in E. parasilica,described abovewhich led to the restoration of host-pathogen equilibriumr and permitted
new planting of the chestnut in Italy, is only one form of expression. Inaddition; the viruses may act asalso inducers of virulence, in a way
similar to that of' bacterial piasmids (Elvell & Shipley, 1980). Other formsof expression not recognised as reievant to the reuulation of virulence 
may be applied to combat various plant pathogens. To illustrate thesepossibilities, stUdies of the regulation of virulence by a dsRNA virus,
and the control of plant path,gens by a virus-encoded product, this chapter
describes relationships between two pathogenic fungi Rhizoctonia sohuni 
and Ustilago tnaVdlis, and their viruses. 

Rhizoctonia solani 
Earh"studie. and the occurre'nce nj"i rpovirdt'cnt strains 
Rhizoctonia dani causes damping oif in some 130 different phi ntspecies (Baker. 1970: Cast:nho & Butler, 1978) and is round in most

agricultural soils. Using debilitated strains assumed to be hypovirulent.
Castanho, Butler & Shepherd 11978) reported the occurrence of atten­
uation, similar to that in E. parasitica. A 
survey of' a natural population
in Israel to determine tile degree of virulence, defined by tile effect on
II host species, revealed 
 that the population consisted of a mixture of

virulent strains causing damage of varying degree of severity 
 o one or

hosts and of avirulent strains that causedmore no discernible damaue
 
to any host (lchiilcvich-Auster et al., 1985h). 
 Of 107 isolates, 32 were

avirulet and confirmed 
zts R. so/a/i by compatibility tests with anasto­mosis group tester strains. These strains are referred to as hypovirulent 
strains. 

Double-stranded RNA %,asdetected in mycclia of the hypovirulent
strains but was not found in any of virulent strains. Virus particles were
not f'ould in either the virulent or the hypovirulent strains. Debilitated
growth was tririsinitted to a virulent strain via cytoplasmic exchangealong with tihe dsRNA found in the hypoviruleit strain. These earlystudies led to the conclusion that tile properties of the hypovirulent strains
of R. sohaniwere similar to those of hypovirulent strains of E. parasitica. 

WV 
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However, the debilitated strains persisted in tie soil for less than one 

month and the precise relation between debilitated growth and dsRNA. 

or any other cytoplasmic factor, was unclear. The reason was that. as 

shown in later studies, gromhtti rate and hypovirulence are independent 

Factors. Furthermore, if hy povirulence represents a state of adaptation 

with a positive selection value it should be anticipated that hypovirulent 

strains would not be debilitated. Also, one of the strains originally claimed 

to be virulent and devoid ofdsRNA (Castanho. Butler & Shupilerd. 1978) 

was re-examined recently aiud found to contain dsRNA (A. Finkier and 

Y. Koltin, unpublished). 
A later study (Zanzinger. Bandy & Tavantzis. 1984) reported the occur­

rence of dsRNA in both virulent and hypovirulent str,,ins but virulence 

was delined by the use of one host, thus nonstringent criteria were adopted 

that precluded precise characterisation of the level of virulence of each 

of the strains used. A DNA plasmid was also reported recently in R. 

so/omi v, ith the implication that this plasmid is related to virulence 

(Hashiha tt al.. 1984). However, the latter study also railed to deliiie 

stringent criteria to dist inguish between virulent and hypovirulent strains. 

In both studies tile cvtoplasmic transmission of' viruieIIce or attenuation 

of virulence was not tested and the elfect of curin strains of the 

cytoplasmic Factors oi the degree of virulence of the ftu1gal host %,IN not 

examined. 

I ridh'nce' and the dlR.V,-I viruses 

To approach the question of whether phenotypic expression of 

the dsRNA viruses allects virulence in R../sohmi. highly virulent and 

avirulent strains were examined for the presence of viruses. The strains 

examined were isolated from various locations representing a range of 

ecological niches and seven anastomosis groups. The relation of growth 

rate to the degree of virulence was also examined, since it is possible 

that slow-growing strains may be less virulent if their virulence is only 

effective over a short range. for example, if it depends on enzymatic 

degradation ratlhr than toxic effect. The range in growth rate 

of all the strains %as found to be similar. None of the strains was 

t c:ItsCd no discernible diniave 

such as damping oil' or grow th inhibition to the I I different species used 

as indicators oi virulence. The virulent strains caused severe datmage to 

all II hosts. 
Nine strains were used to examine the relation of the dsRNA to 

virulence (Finkler et al.. 1985). Only tie virulent strains contained viruses; 

neither viruses nor dsRNA were recovered from the avirtilent strains. 

debilitated and those identiied as avirulC 
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F igL I 7 EILI ron macro gedp h o 1" :ti lyIe sIlaancd var u.,pdrzacles : (a) 
30-35 rant in diameter, purified on sucrose density gradients. from avirulent strain of Rhiz'tonia sohuai. (b) 41 nm in diameter recovered
from a killer strain of Ua.lihgo oo.ris. 
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The viruses were 30-35nm in diameter (Fig. 17.1a) and contained two 

segments of dsRNA with molecular weights of 1.45 and 1.32 x 106 (Fig. 

17.2). The virais particles from different strains seemed to be interrelated. 

Their coat protein was of a similar size, 55K, and ,viruses from different 

strains were immunoprecipitated by antibodies derived against one or the 

isolates. Furthermore. as in all other dsRNA viruses, an RNA polymerase 

acting as a transcriptase was coat-associated. In vitro transcription 

reactions have been defined for -the R. solani virus and for a r number of 

other fungal viruses (Buck, 1979: Bruenn etu .. 1980: Buck et ti., 198 Ih; 

Ben-Zvi et al., 1984). 
Viral transcripts were obtained in vitro using virus particles supple­

mented with the "our ribonucleotide triphosphates. The RNA-directed 

V AV V V AV V 
W 53 53 56 82 82 77 

- 1.45 
."1 1.32 

Fig. 17.2. Polyacrylamide gel electropioresis of unique segments of 
dsRNA isot ated rui an Ustiioo i,,avdis killer strain (riult lane) and 
rroni virulent strains of R..'lani (oher lanes). The ds[RNA was stained 
with, ethidiuin briomide and viewed with UV. All extracted strains 
contained virus paliticles. 
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RNA polymerase activity, which is currently a routine assay to 
monitor the viruses in purification procedures, was tested in hypovirulent 
strains but no weretraces detected. Tile transcripts obtained were used 
in various studies with the fungal viruses for the resolution of viral­
encoded proteins and also as a probe to resolve the relatedness of tile 
viruses, since such probes avoid artefacts introduced by impurities of 
ribosomal RNA adhered to the dsRNA. Using such probes under strin­
gent conditions (65"C, 0.6M NaCI, 60mM trisodium citrate) c:oss hybri­
disation between these probes and the viral dsRNA of various isolates 
revealed that all the viruses isolated from the virulent strains are inter­
related. In addition, no variation of coat proteins from the viruses or in 
the products of in vijro translated viral transcript products could be 
resolved by fingerprinting using Staphyhwoccus aureus V8 protease (A. 
Finkler, B-S. Ben-Zvi & Y. Koltin, unpublished). 

V'irus curing and virulence 
Since only virulent strains contained viruses, the question that
 

emerged was how 
 will curing the strains of dsRNA viruses affect the
 
expression of virulence? However, since there are no direct
practical, 

experimental approache:; to distinguish 
 between carriers and virus-free
 
descendants, the emphasis was placed 
on the recovery ofavirulent subcul­
tures and the examination of these for the occurrence 
of a specific pattern
 
of dsRNA.
 

Among subcultures of hyphal tips from virulent strains, about 
 I of
 
the new cultures were avirulent. Virul,:nce was 
never recovered in subcul­
tures from avirulent strains. Therefore, a clear unidirectional relationship
 
was established and the high incidence of phenotypic alteration suggested
 
that a loss of a cytoplasmic factor in the virulent strains led to a 
reduced
 
level of vi,'ulence. In one avirulent subcultuie 
a loss of the dsRNA was
 
noticed, while in another the loss 
 of a specific segment of the viral 
information was noticed. To confirm further that dsRNA may be associ­
ated with virulence, additional evidence sought.was 

Conversion of hO'p(virulent strains 
The conversion of a hypovirulent strain to virulent straina by 

the introduction of dsRNA viruses attempted. The major diflicultywas 
was that infective methods available for only virus andare one fungal 
methods have not yet been devised for R. solani. Therefore, the natural 
mode of transmission of the fungal viruses was adopted. that is via 
cytoplasmic exchange in heterokaryons. The drawback of such a method 

1,->
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is the lack of control over the cytoplasmic transmission of various 

elements. Techniques might be refined if restrictioncytoplasmic 
polymorphism could be found inl the mitochondrial DNA of the inter­

acting strains. However, with the need to use genetically identifiable 

strains it is difficult to meet all the required conditions and so our exper­

iments were based on cytoplasmic exchange using strains that could be 

identified and selected in delined conditions. 

To test for the cytoplasmic nature of the agents associated with 

virulence, the classical heterokaryon translfer experiment was performed 

(Jinks, 1969). A virulent strain and an avirulcnt strain of the same conipat­

ibility group (Parmeter. Sherwood & Platt. 1969) were selected on the 
Baybasis of their differential sensitivity to the fungicides Benomyl and 

NTN. 19701 (N-[(4-chlorophe'ivl)nlethl]-N-cyclopentyI-N-phenylurea" 

Mobay Chemicals. LISA). Differential sensitivity permits the identilication 

of each of the parental strains and the dissociation of the heterokaryon. 

In addition to the differential resistance to two t'ungicides, the strains 

of other morphological characteristics, such as adiffered in a number 
rate and the synthesis of melanin indistinguishable difference in growth 

culture. The virulent strain contained dsRNA viruses (Finkler et al.. 1985) 

whereas the a:virulent strain contained neither the viruses nor dsRNA. 

Two nlethlods were used 'or sampling cells after conjugation between 

confrolited while growing on 

were allowcd to interact 24 or 48 1h.Mycelium 
the two strains. In the lirst. strains%were 

nonselective nieditin and 

was taken from the line of confrontation and plated on medium that 

In the second. the hypovirulent strainselected for the avirtlent strain. 
grow in optimalwas inoculated on noiselective mcdium and allow,ed to 

conditions until two-thirds of the plate area was :olonised. The virulent 

strain was then inoculated in the centre of the plate, thus establishing 

immediate contact with the mycelitul of' the avirulent strain. Hyphal tips 

were sampled from the periphery of the avirulent mycelium after 24 and 

48h. grown in nonselective medium and then tested for resistance to the 

fungicides, for morphological characteristics and for virulence. The 

area from which the hyphal tipsadvantage of this method is that the 

were isolated was at a distance from the growing points of the virulent 

strains and tLIus te probability of recovering only the avirulent strain 

was very high. 

Of 25 colonies isolated in both methods, two virulent colonies were 

the markers typical of the hypovirulentidentified which possessed all 


strain. These cultures were resistant to Bay NTN. sensitive to Benomyl,
 

did not secrete nielanin and displayed a growth rate typical of the aviru­
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lent strain. Both were among those isolated after 48lh of interaction. Both 
the parental avirulentstrains contained dsRNA. which was absent fron 

strain, and the pattern of segmentation was typical of the dsRNA pattern 

characterised in viruses recovered from the virulent strain that served as 

the donor. 
There results, together with the earlier indications from curing exper­

iments ard the occurrence of the viruses in virulent strains and their 

absence in avirulcnt strains, provide good reason to suggest that in Rhizoc­

tonm solmi the dsRNA viruses are associated with the regulation of 

virulence. However. contrary to the situation in Endathita parasilica, the 

dsRNA viruses induce virulence and do not suppress virulence. 

Viral i/bormation and rirtlcnce 

To determine whether the content of viral inl'ormation extends 

beyond tile capacity to regulate the synthesis of structural proteins, efforts 

have been made to reveal its full coding potential. Characterisation of 

the proteins encoded by the viral dsRNA indicates a coding capacity 

extending two to three times beyond that of the dsRNA segments. ii"one 

assumes no overlapping genes. Tie viral coat protein is the major trans­

lation product. but clearly other proteins are produced. Their reaction 

to pol.clonal anti~irad antibodies suggests they are nonstructural. The 

nature of these proteins is unknown and neither enzvmatic activities 

to virulence, nor their indirect in,olcnient in thethought to he rcLated 

induction of %iPlellCC. have yet been examined. 

One of the ii pr dilliCultics in the elucidation of the role of the viral 

encoded protLeins is the absence of sullicient biological :haracterisation 

of virulent and hypovirulent strains. The pectulytic enzymes oh a number 

of virulent alld hypovirulent strains used in our studies were e.xamined 

as markers for virulence. The role of pectol.rtic enzymes in the patho­

genesis of R. sohni has bccn well established \Weinhold & Nlotta. 1973). 

Four envimes. known as eldpol)olygalacturonast I (cndo PG-I) and II. 

pectint-stcrase (PL) ani endopectinolyase (endo IL). were purificd to 

homogencity l'roin a ntumber of' virulent strains (Marcus el al.. 1986). 
was not detectedEndo PL was lbouiid in all virulent strains examined but 

in the live hypovirulent strains used in this study. It is not yet known 

whether tie 'converted' hypovirulent strains derived From the hetero­

karyon transfer experiment also display endo PL activity but this enzyme 

is clearly a good marker to follow since the potential 'or its production 

may be introduced directly to the fungus by tile viruses or induced itt 

the fungus by the viruses. 
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Hypo iirilenc'e anid hioogical confrol 

It became clear from a series of experiments including field trials 

that hypovirulent strains can be used for biological control of root rot 

caused by R. soui (Ichiclevich et al.. 1985a). Seedlings infected by the 

hypovirulent strain were protected against superinlection by virulent 

strains o1 R.solani (FIig. 17.3). In a series of experiments with one of the 

hypovirulent strains the damage \was reduced by 75--94" in various 

experiments %,tithdifferent crop pIlants includinrg cotton, radish, wheat, 

lettuce and carrots. The protcctiOn was effective against a challenge by 

virulent strains and only occurred in the presence of the hypovirulent 

strain. Ioweer. the pru .'tion by one hypovirulent strain was elfective 

in a number of ,cry dilferent ecological niches differinge in climatic condi­

tions and soil type. The only limitation was the specificity displayed since 

the protection was effective against Rhti-octooiia but n )t against other 

soil-borne pathogens. Elfcctive protection was displayed using it hypovi­

rulent strain of one -rastomosis grounp nd indix idually against a number 

of virulent strains of diflflent anastomosis groups. It is unclear whether 

the hvpovirulent strain induces a re,;istance mechaoism in the host plant 

or creates a barrier against superinrection merely by elicient superlicial 

invasion of the plant tissue. i.e. exploitation of a limited resource. 

Nonetheless, the piotective mechanism operates irrespective of the incom­

patibility system and there is no need for the selection of hypovirulent 

strains from the dilferent anastonosis gro ps. Tihe lip0virulcnt strains 

Fig. 17.3. Protection o;' COtitoI seedlings by hypovirule;tt isolite of 
R/izocon sohmli t5211). Froni left to right, uniiitected control, ifected 
withI virulent strain 82, infected with lypovirulent strain 521, infected with 
strain 5211and ciiallenged ater 3 d with the virulent strain 82. 
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in addition to, or as a part of, their protective effect appear to promote
host growth; thus, in all expe:iments the protected plants clearly displayed
vigorous growth that was expressed in higher yields than iii controls.

It is unclear why hypovirulent strains are common in nature in spite
of the fact that the mere acquisition of tile viral information can convert 
a hypovirulent strain to a virulent strain. The hypovirulent strains studied 
were not limited to a unique or rare anastomosis group and, unlessvegetative incompatibility occurs within anastomosis groups. they arewidely accessible to cytoplasmic exchange and viral transmission. Infor­
mation available from a better-characterised system, the viruses of
Saccharon'ces cerevisiae, suggests that many nuclear genes are involved
in the maintenance of such viruses (see review by Tipper & Bostian,
1984). In that system as many as 30 genes play some part in the mainte­
nance and replication of the fungal viruses. In the viruses of the corn 
smut pathogen, Ustilago niadis, another well characterised system.
exchange of viral information is dependent on a nuclear gene that confers
resistance to a viral-encoded system fFinkler. Peery & Koltin, 1984).
Furthermore, other cytoplasmic factors may impose constraints on theexchange of viral intormation. Mechanisms of this nature may play a
role in the persistence of hypovirulent strains of R. solani. 

Litilago mavdiv (Corn Smut) 
lirus-relt d interstraa inhibitio 
Ustilago inavdis represents a class of fungal pathogens in whichthe expression of a virus harboured by the pathogen inhibits growth of

sensitive strains of the fungus. This phenotypic expression has stimulated
 
consideration of the 
use of this phenomenon for plant protection.


In the course of studies on the sexual interaction among haploid lines

of C. mavdis growing on solid mtedium 
 the occurrence of interstrain 
inhibition was reported (Puhalla, 1968) and referred to as the killer

phenomenon. We now know that the factors associated with this phenom­
,non are polypeptides secreted by some strains of U. 1M'Vdis. Such strains
constitute c. I% or less of the natural isolates examined. The polypeptides
are highly specific and affect other members of the Ustilaginales including
the plant pathogens of graminaceous plants U. tritici, U. hordei and U.nu/h. The phenotype associated with the secretion of these polypeptides is
related to a group of dsRNA viruses found in U. na"'dis (Fig. 17.1 b)
(Wood & Bozarth. 1973: Kiltin & Day. 1976). Almost all strains of U. 
maydis contain dsRNA viruses but very few secrete the toxic polypeptides.
The gentic organisation of these viruses is complex: a major viral compo­
nent provides the genetic information coding the coat protein and also the 
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of a number of
replicative machinery that provides for the maintenance 

Some of the satellitePerry, 1980).satellite viruses (Koltin. Levine & 

viruses contain the information that encodes the inhibitory polypeptides. 

of the Usiago killer system was recently given by
A detailed account 

Koltin (see Buck, 1986). 

Use of'viral inbrination JOi"plant protection 
inhibitory phenomenon among the

The broad spectrum of tile 
plant protection.some consideration for futureUstilaginales merits 

was not detected in sixU. inavdis virus-encoded toxinResistance to the 
tested. The species barriers,

other members of the Ustilaginaes that were 


hosts in this order, suggest that many species

and the lack of common 

have not been evo'vin2- under the selective pressure of similar killer 

has not been reported in other Ustilaginales.)
svstexns. (A killer systemn 


effective against these species. The use of
 
Therefore, the toxin may be 

fungicides is impractical but the introduction
the toxic. polypeptides as 

of the viral sequences that encode these polypeptides as cDNA. cloned 

in a plant expression vector, appears as a feasible approach. ThL dsRNA 

1000 base pails (Field et al., 1983).
encoding the toxin is comprised of c. 

If' plant cells of wheat. barley, oats and other hosts of the various Ustila­

process the information and express the virus-encoded toxin.
ginales can 

the plant tissues should be protecte:d against inifection by their respective 

smut fungus. It is proposed that the information derived from studies of 

nmavdis could be applied to programmes for the control of
viruses of U. 


infections of other members o'the Ustilaginales in other Graminaceous
 

hosts.
 
in plant protection

The feasibility of this nonconventional approach 

this stage in the development of plant molecular
is dillicult to assess at 

genetics and genetic engineering. Notwithstanding the lack of the proper 

vectors it is clear, however, that certain prerequisites must be met for 

the expression of the viral information by the plant. Specific processing 

by the plant tissue will be required and, as yet. it is unclear whether the 

will be a!so recognised by
processing signals recognised by the fungus 


the plant.
 

Conclusions 
Although they are abundant in many different species and within 

have been largely unexplored
each species. dsRNA viruses of fungi 

beyond the morphological description of many and physical character­

an adaptive potential should have 
isalion of a few. Elements with such 

plasmids with their drug
drawn much attention. as did the bacterial 

'. 1 
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resistance factors and virulence factors but, possibly because ol theirindirect impact via their fungal host cell, viruses have attracted much less 
attention than the human pathogens. At present, information relating to
the ecological implications of fungal viruses is scarce and even those cases 
that have been reported here require further elucidation. However, agents
affecting at least four forms of phenotypic expression, debilitation of 
growth, supression of virulence, induction of virulence and secretion of
species-specific inhibitory polypeptides, have been reported. Of these 
phenotypes, clearly the aspects related to virulence are the most
complicated to study. Y~t with heterokaryosis and parasexuality so
prominent among plant pathogens, it is imperative that we understand 
better the role of cytoplasmic factors as adaptive agents which can play
a role in each of the above-mentioned phenotypes. Molecular and genetic
studies of viruses found in plant pathogens could resolve their specific
role in virulence and explain the persistence of various forms in vivo. 
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Abstract 

A segmented double-stranded dsRNA virus has been isolated from virul.nt 

strains ot'Rhi:ocroniasotlni.The dsRNA genome has mol. wts. of 1.45 and L.3 X 

10'. Two full-size transcripts with mol. wts. of 0.74 and 0.66 X 10' (2.2 kb and 2 kb, 

respectively) were synthesized by the virus-associated RNA-dependent RNA 

polymerase and resolved by denituring poyacrylamide gel electrophoresis. The 
number ofstra:ins.transcripts cross-hybridized to the viral dsRNA isolated from a 

the genomic DNA. An unencapsidatetlThe transcripts did not hybridize with 

species of dsRNA with tool. Nvt. of 1.6 X 10" did not hybridize with the 'iral 

transcripts. No cross-hybridization between the two viral dsRNA segments was 

obtained. The viral-encoded proteins were studied by in virro translation using the 

rabbit reticulocyte lysate system. The trmnscripts served as mRNA for the synthesis 

of the major capsid protein of 55 kD. and a number of other products. The viral 

coat protein was immunoprecipitated with antibodies against purified virus par. 

ticles. Partial protcolysis of the majorin vitro product and the authentic capsid pro­

tein using Staphylococcus aureus V8 protease produced similar peptide patterns. 

Denatured viral dsRNA also directed the synthesis of proteins identical to those 

traiislated trom the transcripts in vitro. 

Introduction 

The fungal plant pathogen Rhizoctonia solhni causes severe damage to a large 

number of hosts (I) and is a severe pathogen throughout the world. By screening 

many isolates of R. solni for virulence, a number of studies indicated the oc­

curence of both virulent and avirulent strains in the natural population (2-4). 

A double-stranded dsRNA virus has been recently isolated from strains of R. 

solani (5. 6). The viral genome is composed of two segments of dsRNA with mol. 

wts. of 1.45 and 1.32 X It)' (2.2 kbp and 2 kbp. respectively). An additional dsRNA 

--, ,
 

http:virul.nt
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molecule of 1.6 X 10( (2.4 kbp) is found in many strains by extraction of myceliabut has not been recovered from virions. The major capsid protein is 55 kD. AnRNA-dependent RNA polymerase is associated with the viral capsids and is
clearly a transcriptase (5).

Although initial studies reported that strains of the pathogen containing dsRNAare debilitated and hypovirulent (7), later studies indicated that a correlationbetween the presence of dsRNA and virulence cannot be established (2). Onlyrecently, by stringent tests to clearly distinguish between virulent and hypovirulentstrains of the pathogen, a clear correlation was established between the presenceof viral information and virulence (4). Hypovirulent strains were found to bedevoid of viruses and all the virulent strains examined contained dsRNA viruses.Tile relationship between the dsRNA viruses and virulence was further examinedin attenuated strains and a correlation was established between the loss ofvirulence and either file total loss of dsRNA secrments or the loss of specificsegments (5). Furthermore, traus mission ofdsRNA Irom a virulent to an avirulentcompatible strain by cytoplasmic exchange resulted in the transmission ofvirulence. These results sUtggested that dsRNA viruses may be associated with theregulation or productioC of virutence ft'ctors. The analvsis of the virus-encodedproteins may therel'ore be signiflicant for the elucidation of nonstructural proteins
;lssociated with the regulation of virultnce.
 

In vitro translation of virus-specific mRNA has 
been extensively used in otherdsRNA viral systems to determine the coding potential ol'the viral genome (8-12).In vitro translation of denatured dsRNA has also been reported in a number ofdsRNA viruses (9, 13-16).
In this report we describe the proteins encoded by the R wolni viral genome.We have used both the viral-specific mRNA. synthesized in vitro by the virus­associated RNA-depeldent RNA polymnerase, and unfractionated dsRNA to
direct the synthesis of proteins in rabbit reticulocyte lysate systems. In addition,
the relationship between encapsidated and unencapsidated dsRNAs and therelatedeness of the viruses isolated from different strains is described. 

Methods 

Srains 

R. solanicultures (No. 13, 82, 53, 56, and W) were isolated from various locationsin Israel (4), and maintained on potato-dextrose agar at 270C. The virulence ofeach strain was determined in a plate assay as described by Castanho & Bulter 
(17). 

Purification of vinus particles and dcvR,V.l evtraction 

The techniques to purify virus particles and to extract dsRNA described by Fink­
ler et al. (5) were followed. 
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Purification of dsRNA segments 

Individual dsRNA segments were purified by at least 2 cycles ofelectrophoresis in 

1.5% agarose and were finally electroeluted from the agarose using BND-cellulose 
columns as described by Silhavy et al. (18). 

3' End-labelling 

Segments of dsRNA were end-labelled with 5'- 32P-cytidine-5'-3'-diphosphate 
usin I4 RNA ligase (Pharmacia) as described by Bruenn and Brennan (19). The 

specific activity of the I PjpCp was 301)0 Ci/mmole. The labelled dsRNA was 

purified by phenol extraction, ethanol precipitation, and desalting was performed 

on Sephadex Gl)O. 

DX-I isolationi 

Mvcelia grown overnight at 27°C were incubated with I0 mglml Novozyme (Novo 
Industries, Sweden) in 0.6 NI mannitol (pH- 5.8) on a shaker for 1-2 hr at 30'C. The 

mycelia were centrifuged and treated with 50 pg/mil proteinase K and V%NaDod-
SO, for I hr at 37C in 10i mM Tris-lHCl buffer (pH 7.5). The nucleic acids were ex­
tracted with phcnol:ehloroft)rm (1:1). 

Snvihesiv of viral transcip:s 

Full-size transcripts were synthesized basically as described by Ben-Zvi et al. (20) 
with few modifications. The raction mixtures, containing 1 mM of each of the 4 
nucleoside triphosphates and 1.6 mg/ml bentonite to inhibit RNase activity, were 
incubated with 3 mM Mg" at a p1] optimum of 7 for 24 hr at 30'C. Labelled 
transcripts were synthesizcd in the presence of 10' cpm/ml of [ 2PI UTP. After in­
cubation, the reaction mixture was extracted with phenol-chlorophorm (1:1) and 
the nucleic acids were ethanol precipitated. The sRNA transcripts were purified 
on a CFI I column (21), ethanol precipitated, and washed with 70% cold ethanol 
several times to remove salts. 

l,na'sis oj viral transcripts 

Size determination of viral transcripts by electrophoresis was performed in 3% 
polyacrylamide gel in the presence of 7M urea as described by Marzluff and 
Huang (22) with few modifications: 0-P-labelled transcripts with specific activity of 
5 IlO' cpm/pg RNA were denatured by heating at 65°C for6 min in sample buffer 



208 
FINKLER. BEN-ZVI, KOLTIN. AND BARASH 

containing 50 mM Tris, 50 mM boric acid. 50 uM EDTA (TBE buffer) to which 5Murea, 10% glycerol, 0.05% bromoplienol blue and 0.05% xylene cyanol were added.The samples were quickly cooled and then electrophoresed for 24 hr in a vertical12 X 23 cm gel at 110 volts using TBE buffer. The transcripts were detected byautoradiography of' the dried gel. 

RNA blot hybndization analysis 

Double-stranded RNA samples were electrophoresed in Lorizontal 1%agarose gelin MOPS buffer containing ImM EDTA, 5 mM sodium acetate and 20 mM Na-MOPS (pH 7.5) for 3 h rat 110 volts. Treatment of the gel prior to the transfer to nit­rocellulose followed the procedure provided by J. Bruenn (personnal communica­tion). The gel was incubated in 50% formamide and 6%formaldehvde in MOPSrunning bu ffer at 55C. The RNA was denatured by treatment with 50 mM NaOHand 100 mM NaCL. and transterred from the gel to nitrocellulose filters in 20 XSSC (I SSC = 0.15 mM NaCI, 0.015 miM sodium citrate as described by Southern(23). The filter was air dried and then baked at 80C lor 2 hr under vacuum.The lilters were prehbridized fbr 2-4 hrat 05°C in a hybridization mix contain.ing 10 X Denhardt, 4 X SSC, 0.1% NaDodSo.,
pyrrolidone ard 101) PI./mI 

0.2%;, Ficoll. 0.2% polvvinyldenatured salhmon sperm DNA.Hybridization was perl'ormed at 65°C for 12-24 hr in hybridization mix with IX Denhardt. Tran scripts with a specific activity of 5 X I0ocpn/pg were added.When 32 -enlald-laetlc dsRNA was used as a probe, it was deriatured for 90 sec at100'C. After hybridizltioi, the blot was washed as described by Thomas (24). 

Southern blot analsis 

Hybridization of )'P-labelled transcripts to 
DNA followed the procedure des­cribed by Southern (23). 

lt vitro translation 

Double-stranded RNA (I pg) was precipitated overnight with ethanol at -20°Cand washed twice with 70% ethanol. To denature the dsRNA, the dried sample wasresuspended in 2 pl distilled H,0 containing 1 mM 
EDTA, incubated 90 sec at
100°C and immediately cooled in ice water and subjected to in vitro translation.
Dried samples of dsRNA (I pg) were also denatured with 2 p1of' 10 mM methylmercurv, hydroxide f'or 10 nin at room temperature prior to in vitro translation.Purified transcripts or denatured dsRNA were translated in rabbit reticulocytein vitro translation systems (Amersham. U.K. and Orgenics ,td, Israel). Transla­tion was carried out in proportions of 8 and 6 volumes of lysate. respectively, 1-2 
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volumes of RNA and 0.8-1.5 volume of1]Slmethionine (0.8-1.5 pCi/10 Plf), and 
incubated at 30'C for 60-80 rin. 

Incorporation of the label inio total proteins synthesized was determind by
spotting 2 pi aliquots on GF filters and assaying for trichloroacetic acid precipit­
able radioactivity. The invitro-synthesized proteins were electrophoresed in 10% 
NaDodSO,-polvacrylamide gels using the bufTersystem of Laemnili (25).The pro­
teins were detected by fluorography using an intensifying solution, Amplily
(Aniersham, U.K.), for 30 rin. The gel was dried and autoradiographed. 

Preparationsof imrunt'sernm 

Virus particles were purified on three successive 10-40% sucrose gradients. accord­
ing to Finkler et al. (5) and fractions containing the viruses were identified by the 
polymerase activity. These fractions were pooled and dialyzed against buffer con­
taining 50 mM Tris-l-lCI (pH 7.5), 0.1 mM EDTA, 40 mM NaCI, I1)mM MgSO4, 4 
mM 2-niercapthoethanol and 10)% glycerol, and pelleted at 1330 1)Og for 4 hr. New
Zealand white rabbits were immunized intradermally with 120)pg of purilied virus 
preparation erulsified with an LItialvolurme of Freuind's complete adjuvant. In­jections were repeated 21 days and 42 days after the initial immunization, with 60­
1)) ug of virus preparation. The rabbits were bled f'rom the ear vein I10 days alter
 
each bhoost. Garnl~iglohulins were purified from the serum by ammonium sullate 
precipitation and 1v dialysis a ainst but'ler containing 2 noM Nal-LPO4 , 10 mM 
Nal-lP0, anrid 151) m N NaC1 (11IS). as described by Palriiiter et al. (2(). Finally.

the gailmarilohUlin 
 preparation was tested hy dolble-dill'tlsiol OuChterlornV
 
assays (-7) 
 against purilied virus particles containing 1%NaDodSO.. 

Ihmunoprecipitationassav 

The in vitro translation products of R. solari transcripts and denatured dsRNA 
were analyzed by immunoprecipitation as described by Segcv et al. (28).using the
rabbit antiserum and immunogammaglobulins prepared against purified viral 
particles. 

Peptide mapping
 

Peptide mapping of" proteins isolated from NaDodSO,-polyacrylamide gels
followed the procedure described by Cleveland (29). Both hydrated and dried gel
slices were digested with StaphylococcusuttreusVS protease (Ipg) and fractioned on 
15% NaDodSO.,-polyacryla nide gels. 
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R'sults 

Relatedness of dsRNA segments 

The genome ofthe R. solani virus was shown to consist of two segments ofdsRNAwith mol. wts. of 1.45 and 1.32 X 10" (5). No additional dsRNA segnents were ob­tained from viruses, as confirmed by 3' end-labelling of the encapsidated dsRNAmolecules. An additional nonencapsihted dsRNA segment with tool. wt. of 1.6 X10' was purified from the nivcelia of a number of virulent strains ofR. solani. Therelationship between the dsRNA segments was studied by hybridization of thetotal dsRNA isola ted fioMi the fntal mvceli um to each puriflied 3'P-end-label leddsRNA segment. The resulIts in Fig. I indicate that the two encapsidated segientsare unique since they do rlOt cross-livhridize. The minor band in Fig. Ic is a resultof cross-contamination between the dsRNA sevment with niol. wt. of 1.45 x l1",used as aprobe, with the 1.32 X Iol dalton segtmenlt. Purification of the heavier see­nient was hindered duc to the proximity of the two bands. However, the dsRNAsegment with nmol. wt. of 1.6 X 10" did not hybridize to amy viral dsRNA molecule.This further supports the earlier results suggesting the nonencapsidation ofthe lat­
ter dsRNA segment. 

,A-ltwhjs oJ viral frall.wriprs 

RNA-dcpendent RNA polymerase activity has been found in virus particlesisolated 'romt R. olai.The major product of the polymerase reaction is ssRNA 
and represents transcription activity (5).

In earlier studies of the virus-associated RNA polymerase activity, the viraltranscripts were examined in 1.5'!4 agarose gels after treatnent with glvoxal. Onlyone transcript of 0.75 x 310'daltons was i(Ientified (5). In the current study, twoviral transcripts were resolved using denaturing (7 NI urea) polvacrylamide gel(Fig. 2). File s;econd transcript is 10.66 X 10" daltons. Each of these transcripts cor­
responds to one half the molecular weight o'tne of the viral dsRNA segments. Atranscript corresponding to the 1.6 X 10" dalton dsRNA segment, recovered from

the mvcelium. was 
not detected among the viral transcripts. 

Rehlte~tess of viral isolates 

To determine the relatedness of the viruses obtained from different virulentstrains of'R. sohmi. the viral transcripts were used as probes in hybridization ex­perinents with dsRNA extracted from the mvcelia ofa number of fungal isolates.All Rhizoctonia isolates contained two dsRNA segments with tool. wts. of 1.45 and1.32 X II1"that are contained in vins particles. The mycelia ofa number ofstrains(53 and 82) contained ai, additional dsRNA segment with mol. wt. of L.6X 10". The 
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a b c 
77 13 7713 77 13 

-1.6 
-1.45 

4-1.32 

Fig. I. Cross hybridization analysis of dsRNA segments. dsRNA isolated from U. maYdis 77 and R. 

1.5% agarose gel, stained with ethidiun biomide GaO. 
Tolaui 13 were subjected to electrophoreis on a 

Methods and hybridized with pCp-labelled 1,32 X Ilo" 
trastoferred to n ilrocelliulose as described in 

10"d.,RNA segment (C).Hybridiciog bands were ltected by 
dsRNA segment I. pCp-ahelled 1.45 x 

autoradiogra phy lb. c). 

latter dsRNA band was never recovered from virions and appears to be an unen­

capsidated species. The viral transcripts, used as probes, served also to resolve the 

that encapsidated
relationship of the heavy segment of dsRNA to Found in 

viral particles. 
from strain 82 hybridized to the 

As shown in Fig. 3a. the transcripts synthesized 
1.32 X 10". isolated Fora the Rhizoc­

dsRNA segments with tol. wts. of 1.45 and 

tonia strains W, _6. 82. 13. and 53. Al identical hybridization pattern was obtained 

3 (Fig. 3b). No hybridization was ob­
with the transcripts synthesized from strain 

or the U. maydis dsRNA 
tained between either Rhizoctonia viral transcripts 

molecules. These results indicate that in every case the transcripts hybridi-,cd only 

in virions. Therefore, the 
are known to he encapsidatedto the segments that 
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.. 28S 

''4-18 S 

Fi. 2. Auloradiography ol "
2 32p-laelled viral transcripts.described in Methods aLd n1rl1ot P P-labelled transcriptspolvacrvlaili'je gel containing 7 

were denatured asv urea. Rahbit reticulocye
rRNA (28S and IS) molecules, used as molecular %%eight markers. %%ere treated as above and
Visualized by ethidium bromide staining. 

viruses Ibund in the ditiernt strains of*Rhii:octonia. originating from differentlocations, are interrelated. The nonuencapsidated dsRNA segment with a mol. wt.of 1.6 x 1I appear; to he unrelated to the viral genome since there is no homologybetween this seginent and the viral transcripts.The viral transcripts %ere used also to test lir the presence ofa proviial state inthe eenonle of the Rhi-ocroni a host. No homolog3, was detected between genomicDNA of the host (strain 13) and the viral transcripts as determined by Southernblot hybridization oflthe restricted genomic DNA with the viral transcripts used asprobes. Therefbre. similarilv to all other dsRNA viruses ol'lungi, the R. solanivirus11 . 1 1virus 



213 RHItZOCTONIA SOLINI dsRNA VIRUS 

a b 

W5682135375 W56 82 13 53 75
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• "" -1.31 

c d 
w56821375 w 56 8213 75
 

IN I -1.45 
-- "1.32 

Fig. 3. Northern ho ihl,ridiz:ion of IsRN4As. dsRNAs were separated on I% agarose gels. stained
 

with ethidium btomide Ia, c) mId taln cri,-d onto nitrocellulose. IP-labelled trarscripl' flora strain 82
 

was used as probe in hyhridiza;tiot ,kith IsRNA, illtcd fron i .,laWui strains W. 56. 82. 13. and 53and
 

U mutdx 75 (b). '2P-IbItllC Ifd !MII trll 3 was used as prohe in hybridization with dsRNAs
 

iolated I'oi R iwhni strain; W. . . 82. lnd 13 and U'.n01)4i 75 id), 
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In vitro translatio, of viral transcripts 

To study the coding potential
periments of the viral genome, in vitro translationwere performed with purified ssRNA transcripts. Maximum incorpora­tion of 1'Slmethionine 

ex­
into proteins was obtainedtranscripts obtained from viruses isolated from two strains, 82 and 13. The pro­

with 100 pg/ml of purified
ducts of the in vitro translation assays were analyzed on NaDodSOa-polyacryla.
mide gels (Fig.4). Identical patterns of in vitro translation products were obtained
from the transcripts of the two virus preparations. A major protein ofabout 55 kD

was synthesizea in vitro. Occasionally, a closely migrating submajor product of
53 kD was observed in addition to a number of"minor" proteins of47, 45, 43,40, 38,

and 35 kD. In an effort to determine whether some of these minor components areincomplete products, the time of the reaction was extended to 4 hr but the pattern 

1 2 3 4 5 6 7 8 9 10 11 12 

V1"Vti.T" 

46 

Fig. 4. In vitro translations ofR. .rolani viral transcripts synthesizeri from strain 82. Each reaction mix­
,:, : 

'. 
ture (10 

NaDndSO,-pntIcrvtlami 
plt was diluted with 2 x Lainjui sample buffer, incubated 3 ini 00%~f 

cie. Lane I. 1t: 11
at MOT and analvzed on4Clrncthyl-tabedted protein molecular weight stan­

dards: lane 2, rcticulocyte lYsaIe'reactjin
transcript RNA (50. 75, 100, 

without added RNA: lanes 3-10, trantslation products of1ISO.200. 250, 300),400 P9/mI r-spectively). lane 12.products of globinrnRNA. 
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are pause products
of thcse minor proteins remained unchanged. Whether these 

found often in in vitro translation or authentic nonstructural proteins is unclear 

of virion coat proteins. A number of ad­
and requires further characterization 

ditional proteins of 10-30 kD. found anong the products of' the in vitro transla­

tion, were not virus encoded. Some of these proteins were found in control assays 

lacking RNA and others may represent short peptides wtill bound to tRNA. 

Double-diffusion Outchterlony assays were used to test the identity 01 the major 

viral coat protein using rabbit antiserum and partially purified gammaglobulins 

prepared against purified virions. A single precipitin band was obtained between 

the virus particles. These antibodies were used to im­
antiviral antibodies and 

in vitro translation products de­
the I3SInmethionite-labelledmunoprecipitate 


rived frm the viral transcripts (Fig. 5). It appears that the proteins of the viral cap­

sids isolated from two different strains (13 and 82) are similar since both have the
 

2 3 4 5 6 

92 

67 

46! 

30O
 

14 

or in vitro translation products with antibodies against virions isolated 
Fig.5. Immunoprecipitation

4 reticulocyte lysate reaction with 
from strain 13.Lane I. l'CI methyl-labelled protein standards: lane 2. 

cts of viral transcript: lanes 4-.6. translation prod,cts 
out added ',NA: lane 3.in vitro translation pr, 

with 20. 15and I) ig/mi tanimmaglobulins. respectively. All reactions were pre­
immunop~ecipitated 
viously treated with 5 plnormal rabbit serum and a 10% fixed suspension o "Staphylococcus aureus to 

remove nonspecific binding antigens. 
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same mol. wis. and both are immunoprecipitated by antibodies prepared against 
the virus isolated from strain 13. A major protein of"55 kD was precipitated in all 
the experiments. Occasionally a closely migrating submajor product of 53 kD was 
synthesized. This protein was also precipitated by anticoat antibodies. Two other 
minor products of"47 and 45 kD were immunoprecipitated and are seen as faint 
bands on longer exposure; these may be due to nonspecific immuno­
precipitation. 

The identity of the major in vitro translation protein band was further studied 
by comparing the peptide map pattern of the authentic viral capsid and the 55 kD 
in vitro translation protein. The major in vitro translated protein band ofstrain 13. 
located by autoradiography of the NaDodSO.-polyacrylamide gels, was excised 
and hydrolyzed with Staph,lococcusaureus VS protease. The authentic viral capsid 
was similarly treated. The resulting peptides were resolved on 15% NaDodSO,­
polyacrylamide gels and gave similar patterns (F--ig. 6). Identical peptide map 
patterns were also obtained with the major in vitro translation protein of strain 82. 
The major protein of 55 kD is therel'bre the capsid protein. These results suggest 
that two proteins of 55 and 53 k.D are associated with the viral capsids, and the 53 

I,..,. 

Fig. 6. Comparison of peptide nap patterns of the major in vitro translation product and capsid pro­
tein. Gel slices were treated with I pg Staphyloncoccus aureus V8 protease and electrophoresed on 15% 
NaDodSO4-polyacrylamide gel. Lane I.autoradiograph representing peptide mapping ofthe major in 
vitro translation product of straiii 13: lane 2. peptide mapping of authentic capsid protein (strain 13) 
visualized by Coomassie blue staining. 
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kD protein appears to be an incomplete product. The identity of the other pro­
ducts as nonstructural proteins will be discussed later. 

In vitro translationof dsRNA 

Total dsRNA extracted from tile myceliuni and purified on CFI 1co!umns was
used for in vitro translation. These samples contained the viral dsRNA segments
(1.45 and 1.32 x 10" daltons) and in addition the unencapsidated dsRNA (1.6 X l06 
daltons). The products of in vitro translation of the total dsRNA shown in Fig. 7 
appear similar to those synthesized by the viral transcripts, but included an 

1 2 3 

-92 

-67
 

I -30 

-14 

Fig. 7. Comparison between in vitro translatio:n prcducts of tutal dcnatured dsRNA and viral
transcripts. Reactitii wixtures (Itpl) weie tun on 0%NaDodSO.1-polyacrylamide gels and analyzedby fluorography. Lane 1.in vitro translation of viral transcripts (strain 13); lane 2.translation of totaldsRNA extracted from strain 13: lane 3.immunoprecipitations of protein, synthesized by total dsRNA. 
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additional protein of 60 kD. This protein was not immunoprecipitated by the an­
tiviral antibodies. It is probably the product of the 1.6 X 10' dalton dsRNA seg­
ment that is not encapsidated. 

Discussion 

Based on purification of viral dsRNA and end-labelling of the segments it ap­
pears that the R. solanivirus consists of two dsRNA segments. The two segments do 
not cross hybridize and they appear to be unique. Two unique transcripts are syn­
thesized in vitro by the virus-associated RNA-dependent RNA polymerase. The 
full-size transcripts have a coding capacity ofca. 1300 amino acids assuming there 
are no overlapping open reading frames and unresolved overlapping segments. 

The viral transcripts bear no homology to the host genomic DNA. Thus, as in all 
other dsRNA fungal viruses, the R. solani virus does not integrate into the host 
chromosomes and has no proviral state. 

The viral isolates are interrelated, as indicated by hybridization of dsRNA ex­
tracted from a number of isolates with a probe ofa viral transcript ,synthesized by 
one of the viral isolates. The relatedness of the viruses recovered from different 
sources is re!lected also at the level of the poteins. In vitro translation of viral 
transcripts synthesized by two virulent strains resulted in the formation ofa major
protein of identical size, identical antigenicity and peptide maps. Tie major i 
viro translation produ 2t. a 55 kD protein, corresponds clearly to the viral capsid 
protein by the following criteria: a) the viral capsid protein comigrated with the 
major in vitro translation product: b) this product was immunoprecipitated by an­
tibodies pcepared against virus particles; and c) identical peptide mapping pat­
terns were obtained tollowing limited proteolysis. 

The polypeptides identified so far in the in vitro translation exceed the coding 
capacity of tie viral information. Therefore, verification of the minor in vitro 
translation products must be further resolved. 53 kD product is oc-The that 
casionally synthesized closely with the major coat protein and im mu no­
precipitated by the antiviral antibodies may be an incomplete coat product. Other 
in vitro translation products are not immunoprecipitated with anticoat antibodies 
and therelore may be among the nonstructural proteins of the viral information. 
The identity of these proteins will have to be resolved by immunological tests 
and fingerprinting. 

The coding assignments for the purified genome segments of the Rhizocronia 
virus is under investigation and should distinguish the nonstructural 
components. 
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dsRNA Virus of Rhizoctonia solani 

Aliza Finkler, Bat-Sheva Ben-Zvi, and Yigal Koltin 
Tel Aviv University, Ramat Aviv, Israel 

INTRODUCTION 

Rhizoctonia soiini, a soil-borne fungal plant pathogen, causes damping­
off in some 130 plant species, and is found in most agricultural areas 
throughout the world (Baker, 1370). The characteristic features of 
R. solani Kuhn [Thanatephorus cucumeris (Frank) Donk] include multi­
nucleate hyphal ceils that do not generally sporulate, and the forma­
tion of sc!erotia by vegetative cells. Vegetative incompatibility is de­
termined by six anastomosis groups, and different strains can form 
hyphal fusions and exchange cytoplasm only if both mates are of the 
same anastomosis group. Sexuality is very rare and had been reviewed 
by Sherwood (1970). Strains investigated displayed either homothallism 
or bipolar incompatibility (Whitney and Parmeter, 1963). 

While dsRNA viruses of fungi are abundant and have been under 
investigation for some time (reviewed by Lemke, 1979; Buck, 1986), 
the role of these viruses in fungal ecology has not yet been elucidated. 
Transmissible hvpovirulence in Endothia porasitica is the only case in 
which an effect on the etiologyj of a disease can be ascribed to dsRNA 
molecules. Attempts to correlate the presence of viruses with unique
phenotypes or biologic'l properties of fungal carriers is feasible in 
few cases and is quite confusing in most others. 

387 
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The majority of fungal infections with viruses are symptomless 
(Hollings, 1978), and in only few cases do the carriers exhibit a unique 
phenotype that can be ascribed to viral infection: toxin production 
in Saccharomyces cer'evisiae and Ustilago maydis is related to viral 
infection (Bevan et al., 1973; Wood and Bozarth, 1973); :onditional 
lysis of certain strains of the genus Penicillium (Borre et al., 1911); 
the disease of the cultivated mushroom Agailcus bispor'us (Marino et 
al., 1976), and diseased rycelium in Helminthosporium victoriae 
(Ghabrial and ildernaugh, 1983; see Chapter 16) are among the few such 
cases. Other effects, such as reduced growth rate and poor sporula­
tion, have been reported, but these correlations with viral infections 
are complex. A disease of H. victoriae, the causative agent of Vic­
toria blight, appe:,,ed to be transmitted to normal strains by cytoplas­
mic exchange (Ghbrial and S1ernaugh, 1983). Diseased strains were 
cl.u"acterized by reduced growth, poor sporulation, and lysis. Both 
normal and diseased strains contain 190S virus particles, but only the 
diseased strain contains an additional group of 145S virus particles. 
It is susgested that the 1-5S virus is the causal agent of the disease 
of tt. victo'iee. 

The correlation betw.,een virus-infected isolates of the wheat take­
all funr;us Gueumeniarnneomces guminis . characterized by poor sporula­
tion and in.tbilitv in culutr,, i- quite confusing due to the complex­
it% o: viruse:; renotad to infect individual isolates of this species 
(Duck 2t al.. )981).It is possible that take-all decline depends uoon 
an unstable b;Q:'!e 'fdsRN.A components in the fungal population 
in saI i;tdien: to host roots (Dav and Dodds, 1979). 

The r'elation: het 'e,,n vir'lence and dsRNA virus particles in R. 
2.ern was ilutiatly examined by Castanho et al. (1973) following a 
study of Endouthic pu,a;itic, the causative agent of the chestnut 
blight (Van Aifen et al., 1975). in which the attenuation of virulence 
by cytoplasmie factors vt suggested. It appeared that dsRNA mole­
cules act as attenuators of virulence in E. pa'asitico and that transmis­
sion of dsRNA by cytoduction from hypovirulent to virulent strains 
suppresses virulence (see Chapters 13 and 17, this volume). The 
early studies oith R. soluni revealed the occurrence of a similar 
phenomenon. The attenuation of virulence was transmissible but the 
hvovirulent strains were debilitated and it was this debilitated state 
tnat was transmitted. In thcse studies, dsRNA, but not virus particles, 
was detected in the mycelia of hypoviruleul strains. Virulent strains 
were reported devoid of dsRNA. The transmission of the debilitated 
growth to a virulent strain of R. solani through cytoplasmic exchange 
along with dsRNA suggested that the phenomena of hypovirulence in 
E. parasitica and R. soiani were similar. However, since hypovirulence 
and debilitation of growth are two separable phenotypes it is clear 
that rigorous criteria must be set in defining hypovirulence to avoid 
confusion between growth retardation and hypovirulence. Therefore. 
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in studies by Finkler et aI. (1985) to reexamine the relation of dsRNA vi­
ruses to virulence in R. solani, hypovirulent strains were defined as 
those strains that infect a wide variety of hosts but incur almost no 
discernible damage to the host. Such strains should have no growth 
disadvantage, and their" growth rato should be similar to that of the 
virulent strains. Virulent strains were those that affect all the tested 
hosts and incur damage of high severity. Furthermore, since R. scluni 
has a very wide host range, a distinction between virulent and hypo­
virulent strains must represent this potential. An examination of the 
response of a va'iet., of hosts to each strain is a minimal requirement 
in the definition of such a complex parameter as virulence. Therefore, 
results reported by Zanzinger et pl. ( 1981), in which dsRNA occurred 
in both virulent and hypovi iilent str:ins, may be miLsleading by the 
use of nonstringent criteria fo-, the distinction between virulent and 
hypovirulent strains. It appo:r:i that the data reported thus far in a 
number of systems is subject to various interpretations due to the in­
accurate definition of hypovirulence. We have. therefore. undertaken 
the study of the ro,!:itonship of ,sRN.\ viruses to the virulence of R. 
soluni by :'aoinat'oi of a 'oral pop'xlation and determining those ele­
ments, that Aa'is most ci ticai in the phenomenon of hypovirulence. 
Furth-:,:T!,o i. il :in ef'foi't to resolve a hothe' the ds RYNA viruses play 
a rou i1 tile ra;: iitiun of vi:'ulence, we addressed the major question 
of whther vi ia lecuc oCx hypevirule nVc is Cto plasmicalyI'. transmitted. 

VIRULENCE AND OCCURRENCE OF JsRNA 
VIRUSES IN Rhiocoriia so,'cni 

Isolation 

Strains of R. solani were isolated from soil samples in Israel. The 
isolates were from di.erse ecological niches (Ichielevich-Auster Pt al., 
1985a) and varied in host range and disease severity when tested on 
as many as 1 different ho!'t plants (Table 1) . Approximately 30', of 
the isolates were nonpathogenic to all the host plants tested, and these 
are considered to be hypovirlent. Strains selected for the study dis­
played normal grotwth rate and with no significant difference in growth 
rate between the virulent and hypovirulent strains. Similarly, no 
other morpiologic~il differences were disting-uished. except that hypo­
virulent strains prodiiced fewer scLrotia and their myceiia appe:red 
to contain less melanin. Formation of sc!erotia and melanin may be 
useful narker:s for identification of virulent strains, bit the number 
of strains e:.aicined was insufficient to establish a correlation. In a 
sample of 109 strains tested, most anastomosis groups were represented 
and both viruient and hypoviralent strains were found within each 
group. In addition, no special geogrnphic distribution was noticed 
among the virulent and the hypovirulent strains or for the anastomosis 
groups. 



w 

[lost Range and Disease Severity Index of Strains of Rhizoctonia solarli
Table 1 

Disease severity index" 

C ii Co 0
TStrain No. AG b i 

Virulent	 + e 	 0.00 2.00 ± 0.00 4.80 ± 0.00 
82 4 5,00 t 0.OO 1.100 ± 0.0) 5.00 ± 0.00 	 5.00 

5.00 ± 0.00 5.00± 0.005.00 ± 0.00 3.00 ± 0.00 
13 4 5.00 ± 0.00 5.00 ± 0.00 

5.00 ± 0.0i 5.00 ± 0.00 
56 4 5.011 ± 0.00 5.00 ± 0.101) 41.00 ± 0.1) 	 3.0) ± 0.00 


5.11) ± 0.00 
 5.00 ± 0.01 0.00 
4 5.00 ± 0.1)1 5.00 ± 0.)Ml 5.1)0 0.U 

1.00 ± 0.00 0.0053 
1 5.00 ± 0.00 5.00 ± 0.00 4.01 ± 0.09 	 2.00 ± 0.00 

18 91ITc 

Ilypovirulent	 0.00.00 0.010.02 1.00 ± 0.00 0. 00160 
00 0.00 0.0000 04 0.70 ± 1.03 0.00 	 +521 	 "a0.00 1.00 0.01 

1.00 1 0.00 0.001 2.011 1 (1.00 1.001 ± 0.00 
558 4 

± 0.00 1.01l; ± 0.00 11.00 0.00 
751 1 2.00 ± 0.00} 1.019 ± 0.03 1.00 

189a 1 0.38 ± 0.01 0.00 11.00 	 0.00 0.00 0.00 

0 
a 	 of hypocotyl of seedlings. 'The results with six hosts C 

based on the infected areaVirulence ratings were 	
I

B, bean; CO, cotton; 0, onion) . Tests conducted with 

are presented (It, radish; T, tomatJ; C, carrot; 


The scaie of I to 5 refers to the area of < 
results withmilt any exception.hosts gave similarfive additional 

,1, 51 to 80%; 5, over 80%.
2, 11 to 30%; 3, 31 to 50%;infection; 1, 1 to 10%;

infection: 0, no detectable :. 
Davis, CLbAnastomnosis group. 	 of California.

of Plant Pathology, University 
hy Dr. E. E. Butler, Department

eStrains kindly sent 
-

California. 

Source: Finkler et al. (1985). 
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Detection of dsRNA Viruses 

Of the nine strains selected for the study, five were virulent and four 

hypovirulent as determined by pathogenicity tests. A unique nucleic 
acid was extractable only from the virulent strains. The unique nucleic 
acids extracted from the mycelia of each of the virulent strains were 
shown to be dsRNA by resistance to RNase at high ionic strength and 
to DNase treatments, and sensitivity to RNase at low ionic strength. 
Also, binding properties to a cellulose column (CFl1) routinely used 
to separate between single-stranded and double-stranded RNA (Frank­
lin, 1966) was indicative of the dsRNA nature of this material. The 

high-molecular-weight material seen in gels of extracts consisted of a 

heterogenous population of DNA molecules, as determined by digestion 
with DNase and with restriction enzymes as well as by electron micro­

scopy. 
The results indicated that only virulent strains contained dsPNA 

(Figure 1); hypovirulent strains were, devoid of dsRNA (Finkler et 

at., 1985). By eleetrophoresis of the dsRNA, a number of segments 

were identified in potyacrylamide gel and their pattern of segmentation 
varied slighly'. Three distinct patterns .yere identified: class I in­
eluded strains 13 and 56. ,aich con:;isted of two segments with M.W. 
of 1.-I5 and 1.32 c!ass II con­cl06; included strains 82 and 53 which 

tained an additional segment with a M.W. of 1.6 '410 6, and class III, 

renresented by strain W, contained two dsNA segments with M.I'.s 

of" .6 and I.3'_' , 101, but lirked the 1.J5 < 106 species. Additional 

segmenr ...ithi.l of 1.7. 1.25, and 1.225 , 106 were identified 

only in strain S2 . Repeated extractiors of dsRNA from the myeelia 

of R. soln maintained on pot:ito-dextrose igar plates and in soil for 
over a year revealel some differences in the pattern of dsRN A seg­

ments. For example, strain IVdisplayed an additional segment with 

M.W . of 1.45 < U6 in later extractions: strain 13 was found lately to 

contain two additional segments with l.N.e of 1.6 and 1.25 x IOU. The 

variation did not yield totally unknown segments, and looking at the 

population of isolates, it appears that four segments are predominant: 

1.6, 1.45. L.32. aLd 1.25 < 10t. These fluctuations in dsRNA seg­

ments are not uncommon amontg daRNA fungal viruses and a change 

in titer was also shown in C. ,rc'rninis by Back et al . (1981) and no­

ticed in U. maydis (Koltin, 1986). 
Virus particii:; were sought in virulent and hv1 ovirulent strains 

but were detected only in virulent strains (Figure 2). Repeated ex­
tractions of dsRNA from the viruses indicated only two segments, M.W. 

1.45 and 1.32 < 106, are recovered from the particles. Thus, it ap­
pears that the additional segments detected in the mycelia of a number 
of isolates are probably not encapsidated. 
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V AV V V AV V 

W 53 53 56 82 82 77 

Figure 1 Polyacr%lami de gel electrophoresis of dsRNA isolated from 
virulent strainia of R. solani (V) and from virulent strains transformed 
into hypovirulence (AV) . Usilogo maydis P4 viral (77) dsRNA was 
used as the molecular r,.eight marker. Source: Finkler et al. , 1985. 

Characterization of P. solanj Viruses 

The viruses isolated fr-om virulent strains of R. soloni, as described 
by Finkler et al. ( 1985), are isometric, with a diameter of 33 nm (Figr­
ure 2) . The virus particles were purified on a 10 to 4W0'sucrose gra­
dient and identified in specific fractions by electron microscopy. 
Virus -associated RNA -dependent RNA polymerase has been detected 
in most fung-al viru,s (Buck, 1979; Ratti and Buck, 1979; Ben-Zvi 
et al. , 1984). Virus-associated RNA-dependent RN'A polymerase 
activity was tested in each fraction from the gradient aind maximum 
activity of this enzyme coincided with those fractions containing dsRNA 
(Figure 3) 
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g* 

o^A 
6'6 

I 

natuin~rpojac-y~aljdo el 
Figure 2 Electron micrograph of neg~tivly stained virus particles 
purified f'rom a vir-ulent str'ain of R. solani. 

Ecamiriatf'on of the viral structural proteins on SDS-polvacrylamde 
gels r , ea iedi a :i -'emajor capsid protein , 54 kDa (Fin ,re 4). T he 
results of in vit--o translaton of viral ranISC.I'ipts suggested thatthe 
additi( nal Minor Proteins observed-in thegel were not encoded by the 
viral nucleic iuidL. 

Analysis of Viral Transcripts 
cFul-si;e t:'in-critti wre 3%nthesi:ed by,the viral -associated RNA 

polyrnease ill ruactiolnmixures containing [ -PU'P as described by 
Ben-Zvi e2tal. ( 118,1) . T'he reaction :praducts were anayzed on i do­

n' uri~f mid e! Fig re ).The transcrips w re 0.74oI:ac'yl 
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20­

15­
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0 
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B FRACTION NO T 

B 2 6 10 14 18 22 T 56 

Figure 3 Distribution of RNA polymerase activity of R. solani virus 

and dsRNA content in fractions of a 10 to 40. sucrose gradient. The 

graph indicates RNA polymerase activity (a ) and sucrose density (0) 

of the fratvtions. The photograph is ai, ethidium bromide- stained poly 
fraction. iacrylamide gel of dsRNA extracted from each gradient 

and T indicated bottom and top of gradient. The dsRNA extracLJ 

from virus particles isolated from strain 56 are shown in the right 

lane. Source: Finkler et al., 1985. 
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- -.= 94 

67 

~43 

S30, 

S20 

-14, 

Figure '4 SDS-PAGE of viral proteins. 

and 0.66 x 106 M'Aw. , corresponding to the encapsidated dsRNA tem­

plates with NI.%V.s of L.45 and L.32 x106, respectively. While dsRNA 

extracted from virus particles contained two segm~nts of 1.45 and 1.32 

x106 Mv.W. ,the dsRNA segment, t. 6 x 106 M.W. ,detected in the my­

celia of a number of virulent strains, was never extracted from the 
to those encapsi­viruses. The relatedness of the 1.6 x 106 segment 

dated was examined by hybridization experiments. Labeled transcripts 

the viruses were used as probes in hybridization experi­obtained frain 
results aresented in Figure 6 indicate that the transcriptsments. The 

synthesized from strain 32 did not hybridize with the 1.6 X 106 seg­

ment, thus providing further support to the contention that this seg­

menit is not encapsidated. 
To determnine the relatedness between the different viral isolates, 

the viruses of one isolate were used for hybridization with other dsRNA 
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-.428S 

..418S 

3 2 p-labeled virus transcripts subjected 
Figure 5 AutoradiogTaphy of 

Transcripts
in a denaturing polyacrylamide gel. 

to electroDhoresis in 31 poly­
with 5 M urea and electrophoresedat 651Cwere denatured 

at 110 V for 24 lir. Source: Finkler 
acrylamide gel containing 7 M urea 

et al., 1988. 

The results indicate that 
from different isolates.

seg"ments obtained solani that 
the viruses found among different virulent isolates of R. 

are all interrelated
different geographical locations 

are collected in 
these transcripts were used

In addition,
since they cross-hybridize. 

The results obtained
with fungal host DNA. 

for hybridization studies 

indicated Lhat no homology exists between host DNA and the viral 
"pro­viruses, no 

to other fungal dsRNA 
genome. Therefore, similarly 

et al., 1983;McFaddensolani (Bruenn, 1980;
occurs in R. 


Ben-Zvi et al., 

virus" statc 

1984). 
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1 2 34 5 234 

-1.65 , ,45 
-1.45 -132 

1.32
 

1.45 -. 1.32 

Figure 6 H-bridization experiments: Top, left panel: ethidium bro­

mide staining of dsRNA extracted from strains 82 (lane 2) and 53 (lanes 

5). Right panel: autoradiugraphy of3, 4) and U. maydis P6 (lanes 1, 
3 2 p-labeled transcript isolated from strain 82 and used as a probe in 

with the dsRNA shown in the left panel. Bottom, lefthybridization 
solanipanel: ethidium bromide staining of dsRNA isolated from R. 

2), 56 (lanes 3, 4), W (lane 5) and U. maydis13 (lane 1), 82 (lane 
P6 (lane 6). Right panel: autoradiography of 3 2 p-labeled transcript 

as a probe in hybridization with thesynthesized from strain 82 used 

dsRNAs shown in the left panel. 
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Translation Studies of the Viral Genome 

To study the coding potential of the viral genome, purified viral tran­

scripts were used for in vitro translation experiments using the rabb.t 

reticulocyte lysate system. The incorporation of [ 3 5 S]methionine into 

proteins was analyzed on SDS-polyacrylamide gels. Identical patterns 
obtained from the transcripts ofof in vitro translation products were 

two virus preparations from strains 13 and 82. Maximum 	incorporation 
A major pro­of label was obtained with 100 iig/ml of purified ssRNA. 

tein, about 55 kDA and a close submajor product of 53 kDa were syn­

number of other "minor" proteins:thesized in vitro in addition to a 
and 35 kDa (Figure 7). It is not known whether47, 45, 43, 40, 38, 

these smaller proteins are the result of premature termination. Ex­

tension of the incubation period of translation fourfold did not alter 

the pattern of these minor proteins. Some of the additional bands de­

5 6 7 8 9 10 11 121 2 3 4 

92 

'
67 	 , , 


46 -*~ 

30 - - ., ., 


Lanes:Figure 7 Translation of R. solani viral transcript in vitro. 

[ 1 4C]methyl protein molecular weight standards; (2 and 9)(1 and 11) 
no added RNA; (3-8) reticulocytein vitro translation products with 

lysate reaction products of transcript RNA (50, 100, 150, 200, 250, 3 

strain 13; (10) translationpig/ml, respectively); synthesized from 

products of transcript synthesized from strain 82 (100 iJg/ml); (12) 

translation of globin mRNA. Source: Finkler et al., 1988. 
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tected among the products of in vitro translation were also found in 
control assays lacking RNA and many represent a low level of endoge­
nous translation, nonspecific binding of ( 3 5 S]methionine to lysate pro­
teins, or short peptides bound to tRNA. 

Viral structural proteins were identified by immunoprecipitating 
the in vitro translation products with rabbit antiserum and with par­
tially purified y-globulins prepared against purified virus particles.
The major protein, 55 kDa, was precipitated in all experiments along 
with a submajor product, 53 kDa (Figure 8). These results suggest 
that at least two proteins (55 kDa and 33 kDa) are associated with viral 
capsids. 

The identity of the major product synthesized by in vitro transla­
tion of viral RNA was further elucidated by peptide mapping. The 
patterns of the peptide map of the authentic viral capsid and the major
in vitro protein product, analyzed by digestion with Staphylococcus 
aureus V8 protease and examined by electrophoresis on 15% SDS-poly­
acrylamide gel, were identical (Figure 9). This result indicates that 
the 55 kDa major protein obtained by in vitro translation is indeed 
the major capsid protein. 

REGULATION OF VIRULENCE 

dsRNA Viruses and Virulence 

If pathogenicity of R. solani is controlled by dsRNA viruses, it should 
be possible to convert virulent strains to hypovirulence. This con­
version should occur simultaneously with the loss of dsRNA. Indeed,
hypovirulent strains were recovered by hyrhal tip isolation from viru­
lent strains. While the frequency of recovery of hypovirulent strains 
was about 1, virulence was never recovered from hypovirulent strains. 
Loss of total or specific dsRNA segments was associated with the re­
covery of hypovirulent strains from virulent strains (Figure 1) . No 
direct correlation was made between a specific segment of dsRNA and 
virulence. Since elimination of the dsRNA segments with M.W.s of 
1.25 and 1.225 x 106 in strain 82 was also associated with diminishing
levels of the 1.45 x 106 segment, it may be speculated that a balanced 
interaction between the various segments is required to regulate viru­
lence. 

Further evidence supporting the relation between dsRNA viruses 
and virulence was provided by cytoplamic transmission of virulence 
(Finker et al., 1985). A heterokaryon was formed between compatible 
strains, one of which (82) was virulent and the other (521) hypoviru­
lent. The two strains differed in their dsRNA content and in their 
resistance to the fungicides Benomyl and Bay NTN. The virulent strain 
was Benomyl-resistant but sensitive to Bay NTN, while the hypoviru­
lent strain was resistant to Bay NTN but sensitive to Benomyl. While 
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Figure 8 inmunoprecipitation of in vitro translation products with 
anti-virus antibodies. Lanes: 1: [ 14 C]methyl protein standards; 2: 
reticulocvte lysate reaction without added RNA; 3: in vitro translation 
products; 4-6: translation products immunoprecipitated with varying 
amoIounts of ,-gIobulins prepared against virus particles. Source: 
Finkler et al., 1988. 

strain 82 contained a number of dsRNA segments, the hypovirulent 
521 strain totally lacked dsRNA molecules. Using the differential sen­
sitivities as genetic markers. selcction of hypovirulent strains trans­
formed to virulence was performed (Figure 10). The new virulent 
cultures, Benomyl-sensitive, Bay NTN-resistant, had the morphologi­
cal characters of the hypovirulent strain 521 (less melanin and produc­
ing fewer sclerotia). To determine whether the transformation of the 
hypovirulent strain to virulence occurred simultaneously with the trans­
mission of the dsRNA viruses, the dsRNA of the transformed strains 
was extracted. Two segments of M.W.s of 1.45 and x 106 were1.32 
recovered from the transformed strains (Figure 11). This pattern 
of segmentation was identical to the viral dsRNA content of the donor 

b22/
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1 2 

Figure 9 Comparison of peptide mar patterns of the major 55 kDa in 
vitro translation pr'oduct ( t) and authentic capsid protein (2). 
Source: Finkler et ii.. 1988. 

virulent strain. The additional sogments, present in the mycelium 
of the donor viruint strain but riot encapsidated, were net detected 
in the recipient stra-in. Therefore, unlike the transmissible hypo­
virulence of E. 'roleazteia. in which dsRNA molecules suppress ,riru­
loners, the dsRNA viruses in R. soluni 1,pear to be associated with 
induction of virulence. 

Pectolytic Enzymes of R. soluni and Virulence 

Enzymatic actiities associated with virulence of R. sotuni are unknown. 
It is therefore difficult to relate viral proteins to a specific enzymatic 
activity or to the induction of specific enzymes in the host. However, 
due to lack of sufficient bioiogical characterization of virulent and hypo­
virulent strains, a study of pectolytic enzymes in a number of isolates 
of R. soluni, as possible markers for virulence, was pursued. The 
role of pec'olytic enzymes in the pathogenesis of R. solani has been 
well established (Weinhold and Motta. 1973). Four enzymes, known 
as endopolygalactn,.rse I (ondo PG-I) and 1I, pectinesterase (PE) 
and endopec--tinola:sc (endo-PL) . were purified to homogeneity from 
a number of R. soluni isolates (Marcus Lt al.. 1986). The endo-PL 
was found in all the virulent strains used in this study, but was not 
detOcted in any of the five hypovirulent strains examined. Although 
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Figure 10 Transmission of vi:ulence by heterokaryon from a virulent 
to a hypovirulent strain. 

the role of endo-PL in th virulence of R. solani is supported by other 
reports in which detection of the enzyme was associated with tissue 
deg-radation (Sherwood, 1966), the late production of endo-PL in 
culture suggested that this activity is essential only in the later 
stages of infection. The association between endo-PL and transmission 
of virulence will be studied by cytoplasmic exchange between virulent 
and hypovirulent isolates. The occurrence of endo-PL activity after 
transformation of the hypovirulent strains into virulence may indicate 
a viral-encoded or -induced activity. 
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1 2 3 4 

Figure 11 Polyacrylamide gel containing dsRNA isolated from the viru­
lent donor strain (,2) and the recipient strain (521) transformed to 
virulence. Lanes I and 2: dsRNA from the two strains "transformed" 
to virulence. Lane 3: dsRNA from the virulent donor strains. Lane 
4: dsRNA molecular weight marker (U. miydis P4 virus). Source: 
Finkler et al.. 1985. 

Biological Control of R. soluni 

Bernard (1909) reported the protection of orchid bulbs against a viru­
lent strain of Rhizoctonia repens following inoculation of orchid roots 
with a weak isolate of the same organism. Similar studies were con­
ducted by Ichielevich-Auster et al. (1985b) to verify whether a similar 
phenomenon existed in Rhizoctoniu solani isolates. Indeed, a high 
degree of protection against damping-off caused by virulent strains 
of R. solani was obtained using hypovirulent isolates. The protection 
of seedlings of diverse plant species such as cotton, wheat, radish, 
carrot, and lettuce was effective when the seedlings were infected 
with a hypovirulent strain prior to a challenge with a virulent strain 
(Figure 12). Apuarently, in an experiment with one hypovirulent 
strain (521), the damage was reduced by 75-94'.. The protection phe­
nomenon was also observed in plants grown in soil infested by the hy­
povirulent strain and then transferred into soil infested with the viru­
lent isolates. This suggested that the hypovirulent strain was acting 



404 Finkler, Ben-Zvi, and Koltin 

A B C D 

Figure. 12 Protection of cotton seedlings by a hypovirulent strain of 
R. solani. A, control, uninoculated; B, inoculated with the hypoviru­
lent strrin: C. as B but challenged 3 days later with the viruient iso­
late. and D, inoculated with the virulent isolate. 

in or on the p!ant. Moreover, cytoplasmic compatibility was probably 
not essential for protection since a similar effect could be obtained 
between strains of R. solani and Rhizoctonia :eae. Therefore, bio­
lo ical control of R. srcari does not depend only on cytoplasmic ex­
change, since it can ne induced by an isolate fron one anastomosis 
group against virulent sLrains of different anastomosis groups. Bio­
logical control of E. pa'usitica and R. soluni by hypovirulent strains 
are probably achieved via different mechanisms. V¢hile the cytoplasmic
transmissible dsRNA molecules contain some virulence-suppressive 
information in E. purasitica, the dsRNA viruses in R. solani may be 
associated with induction of virulence. The protection of plants by 
hypovirulent strains of Rhizoctoniu appears to be in part by induc­
tion of a specific defense mechanism. Thus, hypovirulence is not di­
rectiy related to the dsRNA viruses. 

It should be pointed out that the hypovirulent strain used in this 
study was not diseased and exhibited a normal growth rate which did 
not differ significantly from virulent isolates, unlike the diseased hy­
povirulent isolates used by Castanho and Butler ( 1978). Biological 
control of R. solani by hypovirulent strains was attributed by these 
authors to transmission of dsrNA molecules, presumed to contain some 
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suppressive factors. However, our results are different, and the 

mechanism by which protection is obtained is as yet unresolved. Pro­

tection, however, is not induced by competition for nutrients, since 

repeated addition of nutrients to the host's hypocotyl did not reduce 
the hypovirulent strainthe protective effect. It is unclear whether 

elicits a natural resistance response, or it creates a barrier against 
plant tis­superinfection merely by efficient superficial invasion of the 

are known to lack dsRNA viruses,sue. Since hypovirulent strains 
in addition by prevention of viral trans­protection could be conferred 

mission. Various mechanisms are known from other systems that pre­
in Sac­vent this type of transmission. As many as 301nuclear genes 

charomnvs c,''isise are involved in the maintenance and expression 

of dsRNA viruses in yeast (reviewed by Tipper and Bostian, 1984). A 

one of the nuclear genes affecting maintenancesingle -ene mutation in 

could be sufficient to prevent viral transmission (Wickner, 1986). Other 

mechanisms ma- involve vegetative incomOatibility (3urnett, 1975), 

viral exclusion mchanism: by cbtoylasmic factors (Wigderson and 
dsRNA plasmids (SommerKoltin, 1982), defective viruses and si)oocfic 

and Wickner, 1982; Feld et al. . .OS2. 

a henomenon rielated to :ie hypoviru.'ent strin was itsAnother 
was alsa expressed in in­capability to romote plant growth. miich 

, 1986). Thiere is no evidence for stimulationcreased yields (Sneh et al. 

via hor:monal r,.'ulati by the hvpovirulent :strain, andof grrowth 
re(sult increased area for absorption of nutrients

eniiaiictment 11a' frol 

and miner:als. 

CONCLUDING REMARKS 

The occurrence of dsRN.'. viruses in virulent strains of R. soluni and
 
this chapter.
their absence from hvpovirulent strai' are described in 

The results presented are contradictory to those published by Castanho 

Lt al. (197S) . These authors reportd the occurrence of dsRNA mole­

cules in the mycelia of hypovirulent strains only. However, the hypo­

al. (1973) was debilitated, andvirulent strain used by Castanho et 
of this strain may have been maskedtherefore the degree of virulence 


by its diseased state. Indeed. while virulent strains were derived
 

from Castanho's hypovirulent strains in their studies. virulence was 

never detected amon- hvil tip cultures from a number of hypoviru­

lent strain- used in our study. Moreover, reexamination of Castanho's 

strains in our laboratory indicated the occurrence of dsRNA moiecules
 

in both hvoviruient 
and virulent cultures. The differences between 

tho.se re'norted in our study may therefore stem fromthese results and 
differenc: in definition of hypo%-irulence. Hypovirulence as defined 

in our studies refer; to a low le'el of virulence resulting from the regu­

lation of virulence and not froili second,'r effects as reduced growth 
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rate of the debilitated state of !iuch strains. Evidence is also pre­

sented correlating induction or regulation of virulence with dsRNA 
art one cannot ex-With the present state of theviruses in R. solani. 

or plasmids.clude transmission of other cytoplasmic organelles More 

should be provided by infection of protoplasts derived
direct support 

strains with purified virus particles and the conver­
from hypovirulent 

virulent. Infection experiments wil 
sion of hypovirulent strains to 

the issue since
exclude other cytoplasmic factors that may confuse 

R. solani contains a number of cytoplasmic elements in addition
clearly 

and a DNA plasmid
to the dsRNA viruses: unencapsidated dsRNA 

The identity of the viral­
(Hashiba et al., 1984), and perhaps others. 

yet been elucidated. In­
induced virulence-promoting activity has not 

is absent from hypovirulent strains,
deed, activity of peetinolyase 

primary and only virulence factor. Fur­
but it is most probably not the 


thcr studies will be directed toward resolution of the mechanism that
 
solani. Identi­

regulates or induces virulence by dsRNA viruses in R. 

from the host may permit us to
fication (-f virulence-specific mRNA 


determine the alteration of transcription and translation in hypoviru­

lent strains transformed to virulence.
 
an array of interactions

It appears that fungal pathogens display 
of virulence to hypoviru­

with the host. ranging from a high degree 

a virus-mediated 
effect and the latter as a

lence. The former may be 
or an inde­

form of suppussion of viral replication, as in R. solani, 

a virus as in E. parasitica. Equi­
pendent funo'al efict attenuated b 


is maintained by the fungal

librium in the fungal-plant interaction 


viral genome in E. po'asitica.
genome in R. salani and by the 
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I. liltr-oduction 

The fungal plant pothogen Rizoctonia solani causes severe 
damage to a large number of hosts and is a severe pathogen 
throughout the world. By screening many isolates of R. so]ani 
for vi rulence a number of studies indicated the occurence of both 
virulent and avirulent strains in the natural population. A 
double-stranded RNA virus has been recently isolated from strains
 
of R. solani. The viral genome is composed of two ofsegments 
dsRNA with mol. 
 wts. 
 of 1.45 
 and J.72 x 10 (2.2 kb and 2 kb, 
respectively). An additional dsRNA molecule of 
1.6 x 106(2.4 kb) 
is found in many strains by e:ntraction of mycelium but is not 
recovered from virions. The major capsid protein is 55,000 
daitons. A RNA-dependent RNA polymerase is associated with the 
viral capsids and is clearly 
a transcriptase.
 

Two full-size transcripts with mol. 
 wts. of 0.74 , 0.66 x 10 
(2.2 kb and 2 kb, respectively) were synthesized by the 
virus-associated RNA-dependent RNA polymerase and resolved by 
denaturing polyacrylamide 
gel electrophoresis. 
 The transcripts
 
cross-hybridized to the viral dsRNA isolated from a number of 
strains. The transcripts do not hybridize with the genomic DNA. 
An uncapsidated species of 
dsRNA with molecular weight 
of 1.6 x 
10 did not hybridize with the viral transcripts. No 
cross-hybridization 
between 
 two viral
the dsRNA segments was
 
obtained. 
 The viral encoded proteins were studies by 
 in vitE 
translation using the rabbit reticulocyte lysate system. The 
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transcripts served as mRNA for the synthesis of 
 the major capsid 

protein with a mol. ofwt. 55,000 daltons, and a number of other 
products. The viral-coat protein was immunoprecipitated with
 

antibodies against purified virus 
 particles. Partial proteolysis
 

on the major in vitro product and the authentic capsid protein 

using StapbyIgocs vureusV8 protease produced similar peptide 

pattern7. Denatured viral dsRNA also directed i_n viEo the 

synthesis of identical proteins to those translated from the 

transcripts. By strirgent tests to clean-ly distinguish between 

virulent and hypoviruL ent strains of the pathogen, a clear 

correlation was esteblished between the presence of viral
 

information 
 and viru]lince (Finkler pt a!_. 1985). Hypovirulent 

strains. were found beto devoid of viruses and all the virulent 

strains examined contained dsRNA viruses. The relation between 

the dsRNA viruses and virul ence was further examined in 
attenuated strains and a correlation was established between the 

loss of virulence and either the total loss of dsRNA segments or 
the loss of specific segments. 
 Furthermore, transmission of 

dsRNA from a virulent to an avirulent compatible strain by 

cytoplasmic exchange resulted thein transmission of virulence. 

These results suggested that dsRNA viruses may be associated with 

the regulation or production of virulence factors. The analysis 

of the virus-encoded proteins is therefore significant for the 

elucidation of nonstructual proteins associated with the 

regulation of virulence.
 



Rhioctonia 
solani is a soil-borne 
plant pathogenic fungus
 

with a broad spectrum of virulence. A number of 
 reports
 

attempted to 
 correlate the 
 relation 
 between phytopathogenicity
 

and presence of 
dsRNA viruses (Castanho et a ., 1984, Finkler et 
ql., 1985 and 
Zanzinger et al., 1985) and 
DNA plasmid (Hashiba et 

al., 1984). We have reported the presence of 
dsRNA viruses in
 

virulent strains of 
 R. 5oanj_, but complete absence of these
 

viruses 
 in hypovirulent 
 strains. 
 Both attenuation 
 and
 

transmission 
 cf virulence 
 were correlated 
 with loss and
 

transmission 
of dsRNA viruses, respectively (Finkler 
et al.,
 

1985). However, following the report of 
Hashiba et al. 
 (1984)
 

in which a linear DNA plasmid with a mo]. Wt. of 1.68 10 was 

detected 
 in weakly pathogenic strains of 
R. solani, we have
 

started, 
 too, a search for 
a DNA plasmid in virulent strains of
 

B. soan. 
 The role of such a plasmid may extend beyond the
 

regulation 
of virulence. 
 The DNA plasmid 
moy also serve as a
 

vec-tor in t-ansformatior, of 
R. sl.jji. Characterization of 
the
 

plasmid DNA by 
 restriLtion analysis 
 is required 
 to asses the
 

options with respect 
to the insertion of 
 selected sequences th~t
 

may 
serve as markers for 
transformation.
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Isol~ation_of___NA 21 asmid 

DNA plasmid was 
extracted 
from mycelia of strain 
 13 with
 

Novozyme (10 mg/ml in 0.9 
M sorbitol. 
 0.1 
M EDTA, 0.1 M sodium
 

citrate pH 
 5-6). The mycelia was shaken 1-2 hrs at 30 
C. The
 

extract was treated with 50 
 mg/ml proteinase K and 
.% SDS for 


hr at 37 
 C and was kept on ice for 
 1 hr after the addition of
 

potasium-acetate 
 to 1 M. Fol lowing centri fugation the 

supernatant 
was ethanol-meci-precipitated.
 

-Prifiaion of
.... .... lsmidnu.eic 
 acids: By phenol :chloroform
 

extraction 
and ethanol precipita: ion. 
 The plasmid nucleic acids
 

was subjected to 
 IN agarose gel electrophoresis. 
 The gel was
 

stained with ethidium bromide and 
visualized under 
uv light. The 

plasmid bands were 
cut and elutted from 
 gel by 
 phenol tr .atment
 

at -70 C and ethanol precipitation.
 

a) Ireatent wj.h Rla'.! fmpci Df.s* The plasmid disappeared
 

when treated with 
 DNase (10 mg/iml, 15 min at 0 
 C) but was 

resistant 
to the RNase treatment (10 mg/ml, 15 min 
a 37 C). 

b) StrLmre n _ . ofp1 am.m.dDNA. In electron microscopy
 

the DNA plasmid isolated from RbZocto i a strain 13 and purified
 

from agarose 
 gel , were found to consist 
 of homogeneous
 

populations oF linear DNA. 
 No circular molecules were detected.
 

1 
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The size of 
 the linear molecules of 
plasmids was determined by
 

measuring 
their length relative to 
 the length of 
open circular
 

PBR-322, which 
was used as 
an internal standard 
in the same
 

spreading. 
 The length of the DNA was ca. 
2,700 bp.
 

c) The molecular weight of 
the plasmid DNA 
was also estimated
 

on the basis of 
 mobility by electrophoresis 
in comparison with
 

linear DNA fragments obtained 
 from Hind 
III digestion of 
DNA.
 

The molecular weight 
of the plasmid was 1.58 n 106
 

d) Digestion of 
the DNA with restriction enzymes Hind 
III and
 

Eco RI resulLed 
 in 2 bands on agarose gel 
electrophoresis,
 

suggesting ,:r-. 
 one r;-triction 
 site evisted on the linear DNA
 

for each of the enzymes. No digestion 
was obtained with BAM HI 

and 
F'ShI enzymey'. A restriction analysis is currently performed. 

e) No plasmid DNA 
was detected 
 in the hypovirulant strain
 

(5'"j.
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III. In vitro translation of pu~rified 
ds-RNA~segments.
 

In vitro translation 
of virl ss-RNA transcripts 
was reported
 

by Finkler t 
 al (19o5). 
 The proteins synthesized 
 in vitro by
 

total dz:RNA extracted from the 
 mycelia of 
a virulent strain (R. 
sOln 1.) has bpen also reported by Finkler et a] (1988). We 

have boo_,_n lately ngaguid with thAe 
 eparation 
and puriiication of
 

dsRNA segments (1.32 
 & 1.45 " ICr dalton), in order to direct the 

syrthesis of proteins in vtro. 

A number of methods have 
 been used 
to extract dsRNA from
 

garose els: the BND-ceLlose-technique (Sedat e 
 jI.. 1967), 

o] ectro-eluti on in dislysis trbes and 
 phenol e: traction,
 

P]ectro-elution with DEAE-cel1uIose paper 
(Dretzer et a]., 1981)
 

and rapid phenol e':tracLion 
at -70 C (Benson and Zagurs:y, Per.
 

Comm.). 
 The latter technique produced 
 the highest yiulds of
 

recovery. 
 Moreover, 
 this method avoided the high-salt elution 

step which greatly hindered translasion unless great care was
 

tal-en in washing and removal of salts (on G-1 f 
 columns.
 

Denaturation of 
 dsRNA strands is 
 the most critical step in
 

translation 
 il-i vitro, since undenatured 
dsRNA significantly
 

inhibits protein synthesis. 
 We have tried both heating at 100 C 

for 90 sec with 1 mM EDTA and ircubation with 10 mM Methyl
 

Mercury Hydroxide for 20 mi n at room temperature 
as the
 

denaturation 
 procedures; 
 the latter produced best results. We
 

have used 
 the rabbit reticulocyte lysate in 
 vitro translation 
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system (provided 
by New England 
Nuclear and Promega) using
 

sS-methionine as the amino-acid 
 label. 
 In vitro translation 

products were run I'% 
 F'AGE-SDS gels 
and the proteins were
 

identified by 
 autoradiography. 
 The results indicated that 
the
 

viral capsid protpin (5kd) is encoded by the dsRNA segment with
 

tooI. wt. of I. 32 10... It is yet unclear what is 
the coding
 

r:, of the 1.45 x 10 dsRNA sogmort.
 



IV. Resechbla
 
n
 

We will concentrate 
for the next 
 few months 
on further
 
characterization of 
 the DNA plasmid, restriction 
 mapping and
 
screening of additional 
 virulent and hypovirulent strains 
of R.
 
OlDai for 
 presence 
of plasmid DNA. The 
relation 
 between
 

virulence and plasmid PNA, if 
any, will be analyzed.
 

Purified dsRNA segztmenri!s 
wi l1 also be used to direc?t synthesis
 

of proteins in vj.tQ using the 
 wheat 
 germ system 
and other
 
labelled amino acids. 
 It 
is posEble that labelled methionine is
 
not incorporated entenuively 
 in the viral 
 encoded proteins. The
 
wheat germ. system may also 
 overcome 
problems caused 
by high
 
level of andogenous 
 protein synthesi s obtained 
 in the
 

reticulocyte lysate.
 

We are, at present, 
 engaged in emperiments 
 of curing the
 
virulent strains of 
the dsRNA viruses. If curing will result in
 
conversion of 
virulent strains 
to hypovirulent, 
as we anticipate,
 

we will be able to 
obtain isogenic strains with 
 similar genetic
 
background, 
 but differ in 
their virulence characters. This is an
 
important step for 
future studies of the virul]ence factors, which 
will enable us to pick up virulence-associated mRNA sequences.
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Construction of 
a genomic DNA library of 
 R. solani 
 is also
 
planned. 
 The libraries of 
R. solani will serve 
for studies on
 
the biology and virulence of 
this pathogen, 
 as it will allow the
 
selection of genes of interest as those relate the expression of
 
virulence by the use of virulent and hypovirulent strains. 
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V. -D-escription of_cooperat ion 

Prof. 
 Ofuso-Asiedu 
visited 
once again 
 our laboratory in
 
October 
 1987 
 to further 
 discuss 
and communicate 
our views
 
regarding 
 the work which has been 
 initiated in 
 Ghana. 
 In the
 
Forest. Research 
 Institute 
 in 'ua".i , Ghana, 
 a system 
for
 
distinguishing 
 v ril t 
 and hypovirulent 
 strains 
 Of the 
wood-rotting fungus, FY'UrMA-.p-apor n 
 , iE being developed.
 
The strair s are b ing rl"i:ified with respect to their level of
 
virulence. 
 These strains will 
 be used to 
test for biclogical
 
control 
 nf the disease ran-ed 
 by P'eudpha]olU affecting the
 
forest 
trees in 
Ghana. 
 At a later .PLagethese 
 isolates will 
be
 
examined for 
the presence 
of dsRNA 
and virirns in 
 an effort to
 
test the relations between 
virulence 
and these 
 viruses. 
 Prof.
 
Koltin 
from Tel-Aviv University has visited Ghana 
 to asist Prof.
 
Asiedu group with the molecular biology aspect 
of the study.
 



Mum,-
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I. Summary 

Rhizoctonia solami is a plant pathogenic fungus which causes 

damping off to a large number of hosts. Virulent strains, but 

not hypovirulent, contain double-stranded RNA viruses. We have 

already reported some evidence suggesting a correlation between 

virulence and the dsRNA viruses in R. solani. Elucidation of 

the viral-encoded proteins which may have a role in the 

regulation or induction of virulence was undertaken. 

Translation in vitro of full-size transcripts is describEd. 

The viral capsid protein was identified by immunoprecipitation 

with anti-viral antibodies and peptide mapping using 

Stapbylocccus aureus VB protease. In addition to the four viral 

structural proteins, 2-4 non-structural proteins were 

synthesized, but their role has not yet been resolved. The 

relatedness of viruses from in different strains of R. sclani 

was studied by hybridization of 
?P-labelled transcripts to dsRNA
 

extracted from the mycelia of 
 different isolates. The viruses
 

appeared interrelated.
 

The relation between virulence and dsRNA viruses should be
 

further substantiated by cytoplasmic exchange between gene ically 

marked virulent and hypovirulent strains, and transformation of 

hypovirulent cells into virulence by direct infection with a 

viral suspension. The pseparation of protoplasts, reported here, 

is required for both induction of auxotrophic mutants and viral 



infection. Protoplasts were prepared by diqestion of young 

mycelia with NovozyMe at 27 C for 3-4 hrs. The concentration of 

both enzyme and osmotic stabilizer were optimized. 

The cooperation with Dr. A. Ofuso-Asiedu from 
the Forest
 

Research Institute, Kumasi, Ghana, is described. Application of 

techniques Dr. Ofuso-Asiedu has aquired durring his vis;it to our 

laboratory, to Lhe study of virulence of tropical fungal 

pathogens may provide a solution for eradication of tree diseases 

of utmost economical importance in Ghana. 
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ABSTRACT
 

A segmented double-stranded RNA virus, 
with mol. wts. of 1.45
 

& 1.25 x 10 , has been isolated from virulent strains of 

Rhizoctonia solani. Full-size transcripts with mol. wts. of 

0.74 
 & 0.66 x 10C were synthesized by the virus-associated 

RNA-dependent RNA polymerase. The two transcription products, 

resolved by denaturing polyacrylamide gel electrophoresis, appear 

to be complete transcripts of 
 one strand of the respective
 

templates. 
 The transcripts cross-hybridized to 
 the viral dsRNA 

isolated from a number of strains. The viral-encoded proteins 

were studied by in vitro translation using the rabbit 

reticulocyte lynate systems. 
 The transcripts served as mRNA for
 

the synthesis of the major capsid p:,oteins with a mol. wt. of
 

SSOO0 daltons, and numbera of other products, also synthesized 

on denatured dsRNA 
 The viral-coat proteins 
 were
 

immunoprecipitated with antibodies against purified virus 

particles. Partial proteolysis of the major in vitro product and 

the authentic capsid protein using Sgt2hyIocDccgs aueus V8 

protease produced similar peptide patterns.
 



INTRO DUCT ION
 

Rhiz.~c~tnia olani is a plant pathogenic fungus which causes 

seveve damage to a laufge number of hosts (Baker, 1970). 

Screening of a large number of isolates of R. solani for 

virulence indicated the occurence of both virulent and avirulent 

strains in the natural population (Ichielevich et al., "1985). A 

double-stranded RNA virus has been recently isolated from 

virulent strains of R. solani (Finkler et al., '1985). Avirulent 

strains tested were 
devoid of viral particles. The viral genome
 

is composed of two segments of dsRNA with mol. wts. of 1.4S and 

1.25 x '10 , and the major capsid protein is SSO00 daltons. A 

RNA-dependent PN4A polymerase is associated with the viral 

capsids. 

The relation between the dsRNA viruses and virulence was 

examined in attenuated strains and a correlation was established 

between the loss of virulence and the total loss of dsRNA 

segments or the 
 loss of specific segments. Furthermore,
 

transmission of dsRNA from a virulent to an avirulent compatible 

strain by heterokaryon, re- LI ted in the transmission of 

virulence. These results suggPsted that dsRNA viruses may be 

associated with the regulation or production of viru I ence 

factors. The analysis of thie vi rus-encoded proteins may 

therefore be important for the elucidation of nonstructual 

proteins associated with the regulation of virulence. 



In vitro translation of virus-specific mRNA has been 

extensively used in other dsRNA viral systems to elucidate the 

coding potential of the viral genome (Inglis et 21., 1977; McCrae 

& Jokliks, 1978; Paucha"et al., 1978; Bruenn et al., 1980 and 

McCrae & Mertens, 1983). In vitro translation of denatured dsRNA 

has also been reported in a number of dsRNA viruses (Hopper et 

al., 1977; McCrae & Jokliks, 1978; Bostian et al., 1980; Mertens 

& Sangar, 1984; Dalton et a., "1985). It has been shown that the 

positive strand of the dsRNA genome can be translateo in vitro
 

provided that the two strands are 
 separated. 

In this report we have applied these techniques to the virus 

of R. solani to obtain some information on the proteins encoded 

by the viral genome. We have used the viral-specific mRNA, 

synthesized jn vitro by the virus-associated RNA-dependent RNA 

polymerase, and unfractionated dsRNA, to direct the synthesis of 

proteins in rabbit reticulocyte lysate systems. 

METHODS
 

Strains: R. solani cultures were maintained on potato-dextrose
 

agar at 27 C. The virulence of each strain was determined by the 

plate assay des: bed by Castanho & Butler (1978b).
 

Purif icatio. of virus particles and dsRNA extraction: The 

techniaues described by Finkler 
 et al. (198S) were followed to
 

purify vicus particles and to extract dsRNA.
 



Elt tion--of dsRNA: Purified dsRNA was eluted from 1% 6garose gels
 

with BND-cellulose following the procedure 
described 
 by Silhavy
 

et al. (1984).
 

DNA isolation: 
 Mycelia grown overnight at 27 
 C was treated with
 
'10 mg/ml Novozyme in 
0.6M mannitol 
(pH S.8) by shaking 1-2 hrs at
 
30 C. Undigested mycelia 
were removed by centrifugatioI 
and the
 
extract was 
treated 
 with 100 p.g/ml proteinase K and 1% SDS for
 
'1-2 hrs at 37 C followed 
 by phenol-extraction 
and ethanol
 

precipitation.
 

thesis 
of vi r~l tranIscripts.: 
 Full size transcripts 
were
 
synthesized in 500 1 1 reaction mixtures containing "1 mM of each
 
of 
the 4 nulcleoside trJphosphate and 1.6 mg/ml bentonite to 
inhibit RNase activity. 
 The reaction mixture was incubated for
 
24 hrs at 
 30 C, essentially 
as described by 
 Ben-Zvi et al.
 
(1934). Labelled transcripts were synthesized in the presence of 

2 X 10-10 cpm/ml of E FJ-UTP. 
 The conditions 
for the
 
RNA-dependent 
 RNA polymerase 
activity 
 were optimized 
 for the
 
-Rizioctonia virus. A pH optimum of 7 and a Mg concentration of 3 

mM were found to improve transcription. After incubation, the 
reaction mixtures were extracted with 
 phenol-chlorophorm (-1:1) 
and the nucleic acids were ethaniol-precipitated. Purificatioi of 
the ssRNA transcripts 
on CF1 -1 co] umn-s (Franklin, 1966) was 
followed by ethanol precipitation and several washes with 70% 

cold ethanol. 

Analysis of viral transcripts ; Size determination 
of viral
 
transcripts by electrophoresis 
was performed in 
3% polyacrylamide
 

gel in the presence of 7M Urea as described by Marzluff & Huang 

I 2 



(1984) with few modifications: 
 P-labelled transcripts with 
a
 

specific activity of 
S x 10 cpm/Pg RNA were denatured by heating 

at 65 C for 6 min in TBE buffer containing 50 mM-Tris, SO 

mM-boric acid, SOPM-EDTA to which SM Urea, 10% glycerol, O.OS%
 

bromophenol blue and 
0.05% xy]ene cyanol 
were added. The samples
 

were immediately electrophoresed 
for 24 hrs in a vertical 12x 23
 

cm 
 gel at 110 volts using TBE buffer and analyzed by
 

autoradiography of the dried gel.
 

RNA blot hybridization amalysis : 
 Ds-RNA samples were
 

electrophoresed on horizontal 1% agarose gel 
 in MOPS buffer
 

containing ImM-EDTA, 
 5 mM-sodium acetate 
and 20 mM-Na-MOPS (pH
 

7.5) for 3 hrs at 110 volts. Treatment of the gel prior to the
 

transfer to nitrocellulose followed the procedure 
 provided by J.
 

Bruenn (personnal communication) 
. The blot was prepared as
 

described by Southern 
 (1975). liP-labelled transcripts were 
used
 

as probes for hybridization analysis 
 following the procedure
 

provided by J. Bruenn 
(personnal communications). Blots were
 

washed with as described by Thomas (1980).
 

Southern blot analysis: Hybridization of 
P-labelled transcripts
 

to 
DNA followed the procedure described by Southern (1975). 

Denaturingf c RNA: DsRNA (Q .g) was precipitated overnight with
 

ethanol at -20 
 C and washed 
 twice with 70% ethanol. The dried 

sample was resuspendend in 2 P1 distilled H2 0 containing 1 

mM-EDTA, incubated 90 sec at 100 C and immediately cooled in ice
 

water and subjected to in vitro translation. 



I_ vitro transltio: Purified transcri pts or denatured dsRNA 

were translated in a rabbit reticulocyte ijj vitro translation 

system (Amersham," U.K. and Orgepnics Ltd, Israel). Translation 

was carried out in proportions of 8 and 6 volumes of lysate 

respectively, 1-2 volumes of RNA and 0.8-i.S volume of C 

CS]-methionine (0.8-I.S Vtci/'Ipl), and incubated at 30 C for 60-80 

min. 

Incorporation of the label into total proteins synthesized was 

determined by spotting 2 .l aliquots on GF filter discs and 

assaying for trichloroacetic 
 acid precipitable radioactivity.
 

The in vitro synthesized proteins were electrophoresed in 10% 

SDS-polyacrylamide gels using the 
 buffer system of Laemmli 

(1970). The proteins were detected by fluorography using Amplify
 

(Amersham Ltd. U.K.).
 

Preparations of immune serum: Virus particles isolated from 

strain 13 were purified on 10-40% sucrose gradients, dialyzed 

against buffer G containing 50 mM-Tris-HCl pH 7.5, 0.1 mM-EDTA, 

40 mM-NaCI, 10 mM-MgSO 1, 4 mM-2-mercapthoethanol and 10% 

glycerol, and pelleted at l33000g for 4 hrs. The resuspendend 

pellet was loaded on a second sucrose gradient and the procedure 

was repeated two more times. Now-Zealand white rabbits were 

immunized intradermally with 120 yg of purified virus preparation 

emulsified with an equal volume, of Freund's complete adjuvant. 

Injections were repeated 21 days and 42 days later, with 6 0-100rg 

virus preparation. The rabbits were bled the earfrom vein 10 

days after each boost. The gammaglobulins ore purified from the 

serum by ammonuim sulfate precipitation and by dialysis against
 



PBS buffer containing 2 mM-NaH IFOq, 10 eM-NaIHPOqand 1SO mM-NaCi,
 

as described by Palmiter 
 et a]. (1971). Finally, the 

gammaglobulin preparation was tested by double-diffusion 

Ochterlony assays (Ochterlony, 1962) against purified virus 

particles containing '% SDS. 

mmopecpita~tionassay: The in vitro translation products of 

R. solari transcripts and denatured dsRNA were analyzed by 

immunopecipitation as described by Segev et al. (1985), using 

the rabbit antiseum and immunogammaglobulins prepared against 

purified viral particles. 

Peptide__Mppig: Peptide mapping of proteins isolated from 

SDS-polyacrylamyde gels followed the procedure described by 

Cleveland (1983). Both hydrated and dried gel slices were 

digested with stqphyiococus arus V8 protease ('irg) and 

fractionated on 15% SDS-polyacrylamide gels. 

RESULTS 

One viral transcript was resolved in earlier studies(Finkler 

et al., 1985). The size of that transcript was estimated as 0.75 

x 10 daltons. Determination of the number and size of the viral
 

transcripts was essential in order to asses the viral 

content and iD vi tro translation experiments.informational 

Full-size transcripts were synthesized in the presence pf ,E 

P]-UTP and the products were analyzed on denaturing 

polyacrylamide gel (Fig. 1). An additional transcript was
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detected. The mol. wts. of the transcripts were 0.74 and 0.66 

x '10 dalton corresponding precisely the dsRNAto viral templates 

of 
1.4S and 1.2S 'x 10 , respectively. Each transcript appears, 

based on its size, to be a complete transcript of one strand of 

the corresponding template. 

_e e-ss of viral isolates
 

The transcripts were used as probes 
 in hybridization
 

experiments with dsRNA extracted 
from the mycelia of a number of
 

virulent strains from various localities. All isolates contained 

two dsRNA segments with mol. wt. of 1.4S and 1.25 x 10. Some 

contained an additional segment with mol. wt. of 1.6 x 10 
(strains S3 and 82). However, the dsRNA purified from virus 

particles contained only the segments with mol. 
 wts. 1.45 & 1.25 

x 10, and from such preparations the heavy dsRNA band (1.6 x 10 ) 

was never recovered. The viral transcripts were used as probes
 

to resolve the relation of the heavy segment of dsRNA to those
 

found encapsidated in viral particles and to determine the
 

relatedness of the various viral 
isolates.
 

As shown in Fig. 2, the transcripts hybridized to the dsRNA
 

segments with mol. wt. of 1.45 
 8 1.25 x 10 extracted from
 

mycelia of four isolates. Transcripts of one viral isolate
 

hybridize to 
 segments of all isolates. These results confirm
 

that the viruses found in the different strains of Rhizoctonia 

are interrelated. 



The non-encapsidated duRNA semgmcnt with mol. wt. of 1.6 x 10 

appears to be not related to the viral geome since Where is no 

homology between this srogment to the transcripts. Moreover, no 

homology was detected between the genomic DNA of the host and
 

viral transcripts, as seen by a Southern blot hybridization.
 

Therefore, similarly to 
 other dsRNA viruses of fungi the R. 

olyoai virus has no 'provirus' state.
 

In vitro translation of viral tranEcripts
 

To study the coding potential of the viral genome, purified 

ssRNA transcripts were used for in vitrg translation experiments. 

Maximum incorporation of [ S-methionine into proteins was 

obtained with 100 |g/ml purified ssRNA obtained from viruses 

isolated from two strains, 82 and 13. The products of the in 

vitro translation assays were analyzed on SDS-polyacrylamide gels 

(Fig. 3). Identical patterns of in vitro translation products 

were obtained from the transcripts of the two virus preparations. 

A major protein with mol. wt. of about SSK was synthesized in 

vitro in addi 'on to a number of 'minor' proteins with mol. wts. 

of 47K, 4SK, 43K, 40K, 38K and 35K daltons. Extension of 

incubation period of translation to 4-fold did not alter the 

pattern of these mino'V proteins. A number of additional pcoteins 

found among the products of the in vitro translation were not 

virus-encoded. These proteins were either found in control 

assays lacking RNA or may represent short peptides still 5ound to 

tRNA.
 



Rabbit antiserum and par, , ly fpLrifi.d gammaglobu ins 

prepared 
against purif ied vi rus particles were tested in 

double-diffusion Cchterlony assays. A single precipitin band was 

obtained between antiviral antibodies and the vijis particles. 

These anti bodies were used to immunopL'"A pitate the C 

S]-methioni,n. label led in vJto translation products of the viral 

transcripts (Fig. 4). The major protein with a mol. wt. of 

55000 dalton was precipitated in all experiments along with a
 

close sub-major product with 
 a mel. wt. of 53000. Two othar
 

proteins with mol. wts. of 
 47k & 451 were also faintly
 

immunoprecipitated. The-
 results suggest that two proteins,
 

with eel. wts. of 
55K and S3K daltons, are associated with the 

viral capsids. The identity of the other products as 

non-structural 
proteins will be discussed later. it appears also
 

that the copsids of the 
 viruses isolateo from cwo different
 

stpains are similar since both have the same mel. 
 wts. and are
 

immunoprecipitated by antibodies prepared against one of the
 

viruses. 

The major labelled protein band obtained by in vitro 

translotion on SiS-polyacrylamide gels and located by 

autoradiograehy, was excised and hydrolyzed with Staphy.lococcs 

LeuS V8 protease. The authentic virus capsid was similarly 

treated. The fractionated peptides, obtained 
by electzophoresis
 

on 15% SDS-polyacriyiamide gels were similar (Fig. S). The major 

protein with a mol. wt. of S5K daltons is therefore the capsid 

protein.
 

.n. vitro_.translation of dsRNA 
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Total dsRNA, purified on 
CF11 columns, nd d.RNA eluted from
 
agarose gels, containing either 2 segments 
(0.4S 9 1.25 x 106) or 

seqments (I.6, 1.4F & 1.25 x 10 
 )Wr2 USed for in vitro 

translationi 
(Fig. 6). Identical products were obtained by the
 
Lanslation of 
the different dsRNA preparations. 
 This may result
 

from contamination of 
the dsRNA preparation containing 2 segments
 

with 
the 1.6 x 10 1 segment during elution. 
 It could also be
 

argu'd 
that the total dsPNA prenqration contains 
some proportion
 

of unterminated 
strands which would 
lead to generation of 
non
 

terminated 
 products. 
 These would 
 interfere 
 with the
 

identif ication 
of viral-encoded 
non-structural 
 proteins. The
 

eluted dsRWA preparation is 
most probable composed 
 of terminated
 

strands and 
thus allow a 
better analysis oi 
the results. The 
fact
 

that no differences were 
 found between total 
and eluted dsRNA
 

suggests that 
the proteins are 
 synthesized 
 from full-sized
 

strands. 
 The 'minor' proteins 
with mol. wts. of 43K, 40K & 38K
 

daltons appear 
 thereiore 
to be non-structural 
 proteins. An
 

additional protein with mol. wt. 
 of 60K daltons was not found
 

in the translation of 
 transcript 
 but was synthesized 
 by total
 

dsRNA. Moreover, it was not 
immunoprecipitated by the anti-virus
 

a.ntibodies. 
 It could be 
 the product of 
 the 1.6 
 x 101dsRNA
 

segment, which is 
not virally encapsidated.
 

[.SCUSSION
 

0( 
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. so.lni viral transcript was found to act as an efficient
 

messenger for in vitro translation. Similar studies 
could be 

made with unfractionated dsRNA provided that the strands were 

first separated by denaturation in H 0 containing I mM-EDTA at 

100 C and followed by rapid cooling. Analysis of the ssRNA 

products of the RNA-dependent RNA polymerase reaction on 

denaturing polyacrylamide gels indicated the existence of two 

full-size transcripts, as anticipated from the size of 
the dsRNA
 

segments.
 

The major in vitro translation product of the viral messenger
 

or denatured dsRNA, with a 
 mol. wt. of 55000 daltons, has been 

shown to correspond to the viral capsid protein by a number of 

criteria: (a) 
 the capsid protein co-migrated with the major in_
 

yitro translation product, (b) this product was 

immunoprecipitated by antibodies prepared against virus particles
 

and (c) identical peptide mapping patterns were obtained 

following limited proteolysis. The identity and activity
 

associated with the other proteins is yet unresolved.
 

The total coding potential of the dsRNA genome is 
estimated at
 

150,000 daltons (80K for the 1.AS 
 x 10 segment and 70K for the 

1.25 x 10 6 segment). However, the total mol. wts. of the
 

proteins obtained by in vitro translation exceeded the coding 

capacity of the genome. If this is true, the discrepancy could 

be explained as follows: (a) some products 
may represent
 

non-terminated proteins, (b) genes may overlap (c) additional 

non-resolved dsR'A segments may exist. 
 The latter possibility is 

strengthened by latest unpublished results in 
 which prolonged
 



polyacrylamide eloctrophoretic runs enabled the resolution of an 

additional dsRNA segment with mol. wt. of 1.3 x 10 It is 

possible that longer runs are required 
 , too, to resolve 

additional transcripts. 

The coding assignments for the purified genome segments of the 

Rbizoctonia virus will be worked out in the following studies. 
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LEKNSIGEUMES 

Figure_ Autoradiography of P-labelled transcripts. Full-size
 

PP-labelled transcripts were denatured as described in
 

the Methods and run on 3W polyacrylamide gel containing
 

7M Urea. Rabbit reticulocyte rRNA(2.S & 18S) 

molecules, used as molecular weight markers, were 

treated as above and vizualized by ethidium bromide­

staining.
 



Eigurer 	 Nozthern blot hybridization of dsRNAs. The Northerns 

were peLvformed by transfers onto niLrocol lulose of 

dsRNAs separated on 1% agarose gels and stained with 

ethidium bromide (a). AP-labelled transcript isolated 

from strain 13 was used as probe in hybridization with 

dsRNAs isolated from R. sglaDi strains 13, 82, 56 and 

W and U. maydi. 75 W(b). A transcript isolated from 

strain 82 was used as probe for hybridization with R. 

solani strains 53 and 82 and U. maydis 75 (c).
 

Eigure 3 	 Translation of R. solani viral transcripts in vitro. 

Each reaction mixture (10 pil) was diluted 2 xwith 


Laemmli sample buffer, 
 incubated 3 min at 100 C and 

analyzed on 10% SDS-polyacrylamide gel and 

fluorography. Lanes: 1, LEC]-methyl labelled protein 

molecular weight 	 2standards; reticulocyte lyase 

reaction without added RIA. , 3-10, translation products 

of transcript RNA (SO, 100, ISO, 200, 250, 300D, 400, 

pg/ml respectively), 12, products of globin mRNA. 

Figure 4 	 Immunoprecipitation of in vitro translation products 

with anti--vi rus antibodies. 

Lanes: 1, E C-methyl-labelled protein standards, 2, 

reticulocyte lysate reaction 
without added RNA, 3, in 

vitro translation products o: viral transcript 

(1 0pi reaction) , 4-6, traslation products 

immunoprecipitated with 10 Pg gammaglobulins 

prepared against virus particles. All reactions were 

previously treated with 5 ul normal 	rabbit serum and a 



10% fixed suspension of Staphylococtzusaureus to remove 

non-specific binding antigens. 

.iue S Comparisbn of peptide map patterns of the major in 

vitro translation product and capsid protein. Gel 

slices weoe treated with 1 [ig SapbYloCrus areus VB 

protease and electrophoresed 
 on 15% SDS-polyacrylamide
 

gel. 1, autoradiograph describing peptide mapping of 

the major 9 vitro translation product; 2, peptide 

mapping of authentic capsid protein vizualized by
 

Coomassie BMIe staining. 

ure 6 (a) In vitro translation products of unfractionated 

denatured dsRHA. Reaction mixtures ('10 rl) were run on 

10% polyacrylamide gel and analyzed by fluorography.
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The necq to ijolate protoplasts emerged from thE, need to 

develop techniques required to overcome the 
 difficulties
 

enccuftered with genetic manipulations in R. solani. These 

difficulties have arisen because certainof properties of R. 

jogI2i, such as a tough cell lackwall, of a sporulation phase on 

artificial media and 
 multinucleate hyphal cells. 
 Recently an 

increasing number of research workers have 
 become interested in
 

using protoplasts obtained -rom fungal cells 
for physiological,
 

biochemical and genetic studies of fungi (Anne & Peberdy, 1976; 

Kevi & Peberdy, 1977). 

The introduction of an effective 
 method for obtaining
 

protoplasts Irom 
 R. slaDi may be of a great advantage for 

further studies. protoplasts can be used for distinguishing
 

between :nultinucleate hyphal 
cells and cells containing a single 

nucleus. These protoplasts can be subsequently exposed to
 

mutagenes for induction of 
auxotrophic mutants 
(Hashiba & Yamada, 

1984). Genetically marked str-ains can 
be used for cytoplasmic
 

exchange experiments 
between virulent and hypovirulent isolates 

of R. solani. The genetic markers will facilitate the
 

identif ication of "transformed" hypovirulent 
 strain into 

virulence with the simoultanous aquisition of dsRNA virutes. The
 

correlation between virulence and viruses will be fWrther
 

strengthened by infection of fungal protoplasts with purified 

virus proparations. 



The method ut, ed for proparation of protoplasLs followed 

basically the procedure described by Hashiba & Yamada (1982). 

The method included digestion of yoLng meclia (ig) with Novozyme 

(Nova Industries, Sweden) which is a Trichoderma 
lytic enzyme, at
 

27 C by shaking slowly in 0.6M mannitol, used on an osmotic 

stabilizer. Comparison between the yields of protoplast release 

from R. solaDi mycelium at 34 C, 30 C, 25 and 27 C was made. 

Different concentrations 
of Novozyme (7.S, S, 3 and . mg/ml)
 

and osmotic stabilizer (0.6, 
0.8, IM) were tested too (Fig. 1).
 

It 
 appeared that maximum production 
and release of protoplasts 

occured at 
 27 C with .
 mg/ml Novozyme in 0.6M The
mannitol. 


techniques required 
for regeneration have to be refined, in order
 

to ensure removal of all mycelial fragments 
 from the protoplast
 

suspension. 
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IV.[a;c ipinoCnprr.t j 

Fungal-induced 
tree diseases cause severe trouble to Ghana's 

economy, since wood is Ghalna's major export product. Infection of 

trees by Pedophyll;a leads to eradication of large areas of 

woods. The disease is spread 
 rapidly and 
 the spores are 

maintained in soil long after the trees are eradicated.
 

The attenuation of the chestnut blight disease induced by 

hypovirulent strains of Edthia PaasEti9a containing dsRNA, 

suggested that dsRNA molecules are involved in the regulation of 

virulence (Van Alfen & Hansen, 1982). Moreover, the study in 

RbiOt n solani suggested a correlation between dsRNA viruses 

and inouction of virulence (Finkler et al., 1985). Biological 

control of both chestnut blight and damping-off were implemented 

successfully (Van Alfen 2t a., 1975; Ichielevich gtaj., 198S). 

We have attempted to assist Dr. Ofuso-Asiedu 
to develop
 

biological techniques to control the fungal-induced diseases 

affecting trees in Ghana. His recent visit to our laboratory in 

May-June 1986 has enabled him to aquire techniques and ideas in 

the methodology of dsRNA extraction and virus purification from 

fungal mycelia. A number of fungal strains from various 

localities in Ghana will be tested for virulence and dsRNA 

content. Assistance will be provided at any step which, requires 

more sophisticated instruments not yet obtainable in the
 

laboratories 
 of Dr. Ofuso-Asiedu, 
 in the Forest Research
 

Institute of Ghana. 
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A. The _e to!yLi enz oR. solani. 

thus far suggest that in RthizoctoniaThe results accumulated 

RNA viruses contain genetic
double-stranded 

or produce virulence factors 

solani the 

information which either regulate 

an effort in this direction
As part of
(Finkler et al., 1985). 


a number of virulent and hypovirulent

the pectolytic enzymes of 


R. jgriA were examined. The role of pectolytic (
strains of 


has been clearly

enzymes in the pathogenicity of R. solani 


(1973). Four enzymes designated
dEmonstrated by Weinhold & Motta 


and II, pectin esterase
 
as endopolygalactUroInase 1 (ondo PG-I) 


were purified to homogeneity
(PE) and endopectinolyase (endo PL) 

on a cross-linked polypectate
by a single chromatographic step 


in a number of virulentwere detected
column. These enzymes 

strains 	of R. solani. However, the endo PG-I, endo PG-Il and PE 

r' 1988 



but rot ondo-PL wcre identified in a number of hypovirulC-fnt 

strains. Various biophysical cha acteristics of these enzymes 

were determined. The molecular% weight (MW), pH optimum, 

isoplectric point (PI) and optimal temperatur'e (T) for each 

enzyme were as follows: endo PG-I (MW 34K, pH 6.8, PI 6.8, T SO* 

C), endo PG-i (MW 37K, pH S.4, PI 7.4, T 42 C), PE (MW 26K, pH 

4.4, PI 6.2, T 48' C) and endo PL (IW 4SK, pH 8.4, PI 8.1, T'53 

C). The study of endo PL as a virulence marker can provide a 

handle tc resolve if this factor is introduced by the viruses or 

is induced by the viruses. The preparation of anti-PL antibodies 

for imMunoprecipitation of viral in vitro translation products is 

underway. 

P.. Preearation of anti-viral antibodies. 

To evaluate the coding potential of the viral dsRNA and to 

characterize the viral-encoded proteins by jj _itrg translation, 

the effort has been directed towards preparation of anti-viral 

antibodies. These will be used to identify the synthesis of 

viral-transcribed proteins. 

C. Northern Ulot hybridizations. 

The ,-elatediess of the various viruses isolated from strains 

of R. Z jaDi from different locations was studied by nucleic 

acid hybridization using the viral transcript as a probe in 

Northern blots. The synthesis of the viral transcripts is 

directed by the virus-associated RNA-dependent RNM polymerase, an 

enzyme found in mt lIungal viruses. The transcripts were used 

(
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as a probe to regolve the relatcdness of the viruses since such 
probes avoid artifacts introduced by impurities of rRJA adhered 
to dsRNA. Using such probes under stringent conditions at 650 C 
and 4 x SSC, cross hybridizations between these probes and the 
viral dsRNA of 
 various isolates revealed that all 
 the viruses
 

isolated from virulent strains are interrelated. 
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