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ABSTRACT. To analyze the dsRNA associated with hypo-
virulence in Cryphonectria parasitica at a molecular level, a
complimentary DNA (cDNA) library of the largest dsRNA
molecule from Michigan strain GH2 was constructed. To
date, sequence analysis of the cDNA clones has revealed
an open reading frame of at least 6,540 nucleotides. The
deduced amino acid sequence contains helicase and poly-
merase motifs similar to those reported for the dsRNA in
the hypovirulent C. parasitica strain EP713. These two
motifs appear to be in the same genomic organization as
seen in EP713. With the exception of these motifs, the
deduced amino acid sequence of the Michigan dsRNA
molecule thus far shows low identity to sequences derived
from the geographically distinct strain EP713. The iden-
tification of common domains suggests that there may be
an evolutionary relationship between these virus-like dsRNA
molecules.

INTRODUCTION
Cryphonectria parasitica (Murr.) Barr strain GH2 was

first isolated from a recovering American chestnut grove
in the early 1980's in Grand Haven, Mich. (4). Strain GH2
is hypovirulent and has been used successfully as a biologi-
cal control of chestnut blight in Michigan (5). Strain GH2
differs from many other hypovirulent strains in that it is
orange pigmented and sporulates abundantly. Strain GH2
;.,ontains three double-stranded RNA (dsRNA) molecules
approximately 9.0 kilobases (kb), 3.5 kb and 0.8 kb in size
2, 12). The 9.0 kb and 3.5 kb molecules hybridize, but
either hybridize with the 0.8 kb molecule (8, 12). However,
le three different sized molecules are all 3'-polyadeny-
led (12).

Recent studies on the hypovirulent European C. para-
ica strain EP713 have shown that dsRNA molecules
within this strain contain two large open reading frames
(ORFs) encoding polyproteins that appear to be processed
during translation (1, 11). Putative helicase and RNA poly-
merase motifs have been identified within the second large
ORF (6). Interestingly, dsRNA molecules from strains
EP713 and GH2 did not cross hybridize in northern analy-
ses (8). In order to study the molecular action of the GH2
dsRNA, as well as to make further comparisons between
GH2 and EP713, cDNA clones of the GH2 dsRNA were

constructed. In this study, we report sequence analysis of
cDNA clones of dsRNA isolated from strain GH2 and
comparison of the GH2 sequence to that of dsRNA iso-
lated from strain EP713.

MATERIALS AND METHODS
Cultures and growth conditions.  C. parasitica strains

EP155 and EP713 were obtained from D.L. Nuss. All
other strains of C. parasitica were isolated from natural
cankers on American chestnut trees (Castanea dentata
[Marsh.] Borkh.) in Michigan (4, 5). C. parasitica cultures
were grown on potato-dextrose agar (PDA; Difco, Detroit,
Mich.) at room temperature under cool white fluorescent
lights with a 16-hr photoperiod (5). Cultures were stored
on PDA slants at 4 C. Cultures used for dsRNA isolation
were grown on stationary culture in Endothia complete
broth without glucose (9) for 14-21 days or on cellophane-
covered PDA plates.

Double -stranded RNA isolation and cDNA cloning.
Double-stranded RNA was isolated as described by Morris
and Dodds (7). Electrophoresis was performed using 5%
polyacrylamide gels, that were stained with ethidium bro-
mide following electrophoresis. The largest (9.0 kb) dsRNA
band of strain GH2 was cut from polyacrylamide gels and
eluted using the Elutrap system, as described by the manu-
facturer (Schleicher and Schuell, Keene, N.H.). A cDNA
library was generated from the electroeluted dsRNA seg-
ment as described by Rae et al. (10). DNA sequence was
obtained from double-stranded DNA plasmid templates
containing cDNA inserts using the Sequenase dideoxy se-
quencing system (United States Biochemical, Cleveland,
Ohio). Deduced amino acid sequence comparisons were
made using the programs of the University of Wisconsin
Genetics Computer Group.

RESULTS AND DISCUSSION
Cloning and sequence analysis  of strain GH2. A partial

cDNA library of the GH2 9.0 kb dsRNA molecule was
constructed in the plasmid vector pUC9 (Figure 1). Com-
plementary DNA clones were confirmed by dot-blot analy-
sis using 32P-labeled GH2 dsRNA. Cloned inserts were
sequenced and were found to span 7,360 nucleotides from
the 3' end of the GH2 9.0 kb dsRNA molecule. Sequence
analysis revealed a large ORF of at least 6,540 nucleotides,
which ends 857 base pairs (bp) from the 3' terminus of the



dsRNA molecule. We have not yet isolated cDNA clones
representing the 5' end of the GH2 9.0 kb dsRNA mole-
cule, but are continuing to make new cDNA clones that
should give us a complete cDNA copy of the GH2 9.0 kb
dsRNA molecule. Clones of the 5' end of the molecule
probably were not obtained in the first attempt since we
used a polythymidine primer that bound to the polyadeny-
lated 3' end of the GH2 dsRNA molecule. Reverse tran-
scription probably did not continue through to the 5'
terminus.

Computer alignments of deduced amino acid sequen-
ces. The deduced amino acid sequence of dsRNA from
EP713, including helicase and RNA polymerase motifs,
was aligned with the deduced amino acid sequence of
dsRNA from GH2. The results of these comparisons are
shown in Figures 2 and 3. Both the helicase and RNA
polymerase motifs can be identified within the deduced
amino acid sequence of dsRNA from GH2. Interestingly,
the motifs are in similar positions within a large ORF in
each of the two dsRNAs. It appears that these two dsRNA
molecules with very low sequence identity have a similar
genomic organization, suggesting that there is an evolu-
tionary relationship between these two geographically dis-
tinct hypovirulence-associated dsRNA molecules.



LITERATURE CITED
1. Choi, G.H., Shapira, R. and Nuss, D.L. 1991. Cotranslational auto-

proteolysis involved in gene expression from a double-stranded RNA
genetic element associated with hypovirulence of the chestnut blight
fungus. Proc. Natl. Acad. Sci. USA. 88:1167-1171.

2. Dodds, J.A. 1980. Revised estimates of the molecular weights of
dsRNA segments in hypovirulent strains of Endothia parasitica.
Phytopathology 70:1217-1220.

3. Domier, L.L., Franklin, M., Shahabudden, N., Hellmann, G.M.,
Overmeyer, J.H., Hiremath, S.T., Siaw, M.F.E., Lomonossoff, G.M.,
Shaw, J.G. and Rhoads, RE. 1986. The nucleotide sequence of
tobacco vein mottling virus RNA. Nucleic Acids Research. 14:5417-
5430.

4. Fulbright, D.W., Weidlich, W.H., Hauf K.Z., Thomas, C.S. and
Paul, C.P. 1983. Chestnut blight and recovering American chestnut
trees in Michigan. Can. J. Bot. 61:3164-3171.

5. Garrod, S.W., Fulbright, D.W. and Ravenscroft, A.V. 1985. The
dissemination of virulent and hypovirulent forms of a marked strain
of Endothia parasitica in Michigan. Phytopathology 75:533-538.

6. Koonin, E.V., Choi, G.H., Nuss, D.L., Shapira, R and Carrington,
J.C. 1991. Evidence for common ancestry of a chestnut blight
hypovirulence-associated double-stranded RNA and a group of posi-

tive-strand RNA plant viruses. Proc. Natl. Acad. Sci. USA 10647-
10651.

7. Morris, T.J. and Dodds, J.A. 1979. Isolation and analysis of double-
stranded RNA from virus-infected plant and fungal tissue. Phyto-
pathology 69:854-858.

8. Paul, C.P. and Fulbright, D.W. 1988. Double- stranded RNA mole-
cules from Michigan hypovirulent isolates of Endothia parasitica vary
in size and sequence homology. Phytopathology 78:751-755.

9. Puhalla, J.E. and Anagnostakis, S.L. 1971. Genetics and nutritional
requirements of Endothia parasitica. Phytopathology 61:169-173.

10. Rae, B.P., Hillman, B.I., Tartaglia, J. and Nuss, D.L. 1989. Charac-
terization of double-stranded RNA genetic elements associated with
biological control of chestnut blight fungus. EMBO J. 10:741-746.

11. Shapira, R, Choi, G.H. and Nuss, D.L. 1991. Virus-like genetic
organization and expression strategy for a double-stranded RNA
genetic element associated with biological control of chestnut blight.
EMBO J. 10:731-739.

12. Tartaglia, J., Paul, C.P., Fulbright, D.W. and Nuss, D.L. 1986. Struc-
tural properties of double-stranded RNAs associated with biological
control of chestnut blight fungus. Proc. Natl. Acad. Sci. USA 83:
9109-9113.


	Page 1
	Page 2
	Page 3

