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Talaromyces flavus mediates the transmission of Apple
stem grooving virus (ASGV) to several host plants. The
ASGYV-F carried by T. flavus was partially purified from
the fungus. Based on sequence analysis and homology
searches, this is closely related to other ASGV strains
isolated from host plants. The partially purified viral
coat protein (CP) was separated on a 12% SDS-
polyacrylamide gel and analyzed by Western blotting
with an ASGV anti-serum. A single band at 28 kDa
reacted with the ASGV anti-serum. The deduced amino
acid sequence of the ORF-1 showed conserved domains,
including an NTP-binding helicase motif, GFAGSGKT.
The amino acid sequences of the helicase and CP
showed strong homology to other ASGV strains (98%).
All ASGYV isolated from plants and fungi had salt
bridges composed of the CP and the GFAGSGKT motif
of the helicase, which are commonly conserved in plant
viruses. These results suggest that ASGV-F is one of
ASGYV strains isolated from 7. flavus based on sequence
similarity as well as the serological analysis of CP.
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In the previous studies, we reported that Talaromyces flavus
served as a vector of Apple stem grooving virus (ASGV),
and transmitted virus was also infectious to the host plants.
ASGYV usually latently infects Rosaceae fruit trees such as
apple, pear, apricot and cherry (Yoshikawa et al., 1996).
ASGV caused apple top working disease in Japan and
induced decline syndrome in Mitsuba Kaido (Malus
sieboldir), a rootstock of apple trees (Lister, 1970). ASGV
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is transmitted by grafting and mechanical inoculation into
susceptible hosts such as Phaseolus vulgaris, Chenopodium
quinoa and Nicotiana glutinosa (Lister, 1970). ASGV has a
monopartite genome consisting of a 6.5 kb, single stranded,
plus-sense RNA that is 5' capped and 3' polyadenylated.
ASGV RNA contains two overlapping open reading frames:
ORF1 (6.3 kb) and ORF2 (1.0 kb), which encode proteins
of 241 and 36 kDa in molecular mass, respectively
(Yoshikawa et al., 1992; Ohira et al., 1995). The larger
ORF1 encodes an apparently chimeric polyprotein contain-
ing at least two conserved regions: the replicase (Rep)
region contains several domains (methyltransferase, papain-
like protease, NTP-binding helicase and RNA-dependent
RNA polymerase domains), which was characteristics of
viral Rep. The coat protein (CP) region is located at the C-
terminal end and contains typical motifs of CP (Yoshikawa
et al., 1992; Ohira et al., 1995). ORF2 encodes a protein
with conserved motifs for both movement proteins (MP)
and viral proteases (Yoshikawa et al., 1992; Ohira et al.,
1995). The expression strategies of these ORFs are not yet
well understood.

Most mycoviruses have dsSRNA genomes, either encapsi-
dated in particles (Buck, 1986), present as unencapsidated
forms in the cytoplasm (Ahn and Lee, 2001), or found in
the mitochondrial fraction (Hong et al., 1998; Lakshman et
al., 1998). Rarely, single-stranded RNA (ssRNA) genomes
have been reported in mycoviruses: only four ssRNA
mycoviruses have been identified to date. The Mushroom
bacilliform virus (MBV) was found in Agaricus bisporus
(Tavantzis et al, 1980; Revill et al., 1994), and the
Scelerophthora macrospora Virus B (SmVB) was isolated
from S. macrospora, the pathogenic fungus responsible for
downy mildew in gramineous plants (Yokoi et al., 1999).
Botrytis virus F (BVF) infects Botrytis cinerea, an impor-
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tant pathogen affecting a large number of economically
important vegetables, flowers, and fruit crops (Robyn et al.,
2001). Oyster mushroom spherical virus (OMSV) was
isolated from a cultivated oyster mushroom, Pleurotus
ostreatus. This virus was associated with the recent
epidemic of oyster mushroom die-back disease in Korea
(Yu et al., 2003).

Here, an ASGV-F was purified from 7. flavus. We
confirmed that this strain possesses the highly conserved
helicase, RNA-dependent RNA polymerase (RdRp), and
coat protein (CP) domains found in other strains of ASGV.
Phylogenetic analysis showed that this ASGV-F was indeed
a strain of ASGV. This strain also showed relatively high
sequence homology to the filamentous form of BVF when
the coat protein sequences were aligned with those of the
ssRNA mycoviruses.

The strains of T, flavus used in this study were 2-3 I10-A
as an ASGV harboring fungus strain and 16-6 VF as a
virus-free T. flavus. Both ASGV-F harboring 7. flavus and
virus-free strains were maintained on a solid medium [3.9%
w/v potato dextrose agar (PDA), Difco, USA]. Preparative
cultures for RNA analysis were grown for 20 days at room
temperature under a 16 h light/8 h dark cycle, with
cellophane on the agar surface to permit mycelial
harvesting. The virus was purified based on the method of
Kim et al. (2003) with some modifications. For purification
of the virus, the mycelia grown in 250 mL of potato
dextrose broth (PDB) at room temperature for 20 days were
collected on 0.45 pm filter paper (Whatman) via vacuum
filtration, followed by two washes with distilled water.
Using a mortar and pestle containing liquid nitrogen, 100 g
of the fungal mycelia were finely ground, and was
transferred to a centrifuge tube, and added with 0.1 M
sodium phosphate buffer (pH 7.0). Cell debris was removed
by centrifugation at 12,000 rpm for 30 min in a Sorvall
GSA rotor. The virus was precipitated with 6% polyethyl-
ene glycol (MW, 8000) and 0.15 M sodium chloride on ice
for 12 h, and then centrifuged at 10,000 g for 20 min. The
pellet was resuspended in the same buffer. Following
another low-speed centrifugation, the supernatant was
centrifuged in a Beckman 70 Ti rotor at 30,000 rpm for 3 h.
The pellet was resuspended in the same buffer, and then
subjected to 20% sucrose density gradient centrifugation
using a SW-27 rotor at 24,000 rpm for 3 h. The virus band
was collected and concentrated by centrifugation at 30,000
rpm for 3 h in a Beckman 70 Ti rotor. The virus preparation
was stored at -70°C until use.

For viral coat protein analysis, the purified virus was
mixed with an equal volume of 1x sample buffer (50 mM
Tris-Cl, pH 6.8, 100 mM dithiothreitol, 2% SDS, 10%
glycerol, 0.1% bromophenol blue) and heated for 5 min at
100°C. Further analysis followed previously published

methods (Shim et al., 2004). In order to characterize the
viral cDNA, RNA was extracted from cultures of virus-
infected T. flavus strain 2-3 10-A grown in PDB. Primer
pairs for the amplification of ASGV cDNA were designed
based on the nucleotide sequence of the reported ASGV
strain (D14995). The following primer pairs were used for
the amplification of helicase (5-AGC GGC ATA CAA
TGG GCT AA-3' & 5-TGG CAC TGG CAA CCT CAA
A-3), RdRp (5-ACT TTT TCT GCC TGG ATA GCT-3' &
5'-CTG TCT TTC ACT CAT CAT CTT G-3"), and CP (5"-
CAT ATG AGT TTG GAA GAC GIG CTT C-3', and 5-
CTC GAG ACC CTC CAG TTC CAA GIT A-3'). The
single PCR products from each amplification were
subcloned into the pGEM-T Easy vector (Promega),
according to the manufacturer's instructions. cDNA clones
were sequenced in both forward and reverse directions.
Sequence alignment was performed using the CLUSTAL
W program (version 1.8) (Thompson et al., 1994). Helicase,
RdRp, and CP regions were aligned independently of the
entire replicase alignment. Unrooted neighbor-joining
distance trees were constructed using the NEIGHBOR
program. Sequence identity and similarity analyses were
carried out using BLAST 2 and CLUSTAL W. The ‘tymo-
like’ virus group, composed of isometric particles, included
genera Tymovirus and Marafivirus. The ‘potex-like’ virus
group, composed of flexuous rod-shaped patrticles, included
genera Capillovirus, Foveavirus, and Trichovirus. The
ssSRNA genome mycovirus group includes Mushroom
bacilliform virus, Botrytis virus F, and Scelerophthora
macrospora virus B.

In previous studies, we found that Talaromyces flavus
could transmit ASGV to uninfected host plants. This study
represents the first molecular characterization of the ASGV-
F harbored by T. flavus. The virion, which was present at
very low titers in the fungus, was isolated and partially
purified. The results of the cDNA sequence analysis and
homology searches indicate that the ASGV -F is closely
related to other ASGV strains.
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Fig. 1. Western blot of viral proteins separated by a 12% SDS-
polyacrylamide gel electrophoresis. M, low range standard
markers (Gibco). The viral CP recognized by the anti-ASGV
serum is noted by the arrow.
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Fig. 2. Comparison of amino acid sequences of ORF 1 between
ASGV-F and ASGV-K (AY596172). Identical residues are
indicated by asterisks and similar residues are indicated by colons.
The conserved helicase motif is shown in the shaded box. The
alignment was generated using CLUSTAL W.

The partially purified viral particles were separated on a
12% SDS-polyacrylamide gel and analyzed by Western
blotting using an ASGV anti-serum provided the by

National Horticultural Research Institute and National
Cheju Agricultural Experiment Station (Fig. 1). One band
at 28 kDa reacted with the ASGV anti-serum, consistent
with the mobility of the viral CP from purified ASGV
isolated from pears.

The ASGV ORF1 encodes a 241 kDa polyprotein contain-
ing a replicase region, in which all of the characteristic
motifs for methyltransferase (Rozanov et al., 1992), papain-
like proteinase (Rozanov et al., 1992), NTP-binding helicase
(Gorbalenya and Koonin, 1989), RdRp (Koonin, 1991),
and CP (Yoshikawa et al., 1992; Ohira et al., 1995) are
located. Specific primers for helicase, RdRp, and CP were
designed' according to the genome sequences and organi-
zation of ASGV strains previously isolated from plants
(Shim et al., 2004). The deduced amino acid sequence of
ASGV-F showed conserved domains, which contain an
NTP-binding helicase motif, GFAGSGKT (Fig. 2). But a
complete comparison of the RARp amino acid sequence has
not been conducted since a full length cDNA of RdRp was
not amplified. However, when partial sequences of ASGV-
F were analyzed, these sequences were similar to those of
ASGV-K (AY596172), which is associated with PBNLS.
The predicted amino acid sequences of ASGV-F showed
83% similarity to ASGV-K (AY596172) and 72%
similarity to the ASGV-Japan strain (D14995). A BLAST
search revealed that the ASGV-F CP has a relatively high
homology to all ASGV strains (98%) (Fig. 2 and Fig. 4).

We were not able to detect virus particles in the fungus,
but we assume that ASGV-F has a structure similar to
ASGV-K because the ASGV-F CP has a high degree of
amino acid homology to the CP of other strains, as well as
conserved residues that have been associated with the
putative salt bridge and corresponding hydrophobic core
found in flexuous rod-shaped ssRNA plant viruses (Fig. 3)
(Dolja et al., 1991).

To compare the phylogeny and genetic characteristics of

ASGV-BEAN ( 155) CTFRKLCEPFAD  (24)  AFEKSPWVAFOFAT ( 32)
ASGV-FUNGI [ 155) CTFRKLCEPFAD  (24)  AFEKSPWVAFDFAT ( 32)
ASGV-CP (2012) CTFRKLCEPFAD  {24)  AFEKSPWVAFDFAT { 32)
ASGV-PEAR (2012) CTFRKLCEPFAD  (24)  AFEKSPWVAFDOFAT [ 32)
cva (2250) LTFROLCEPFAE  (22)  AYFNCPAVVFOFNK ( 45)
PVT ( 119) KTLRQMCMPFAK  (21]  LCRKAKWVAFDFAS { 48)
ACLSV ( 156) MTFRQVCEAFAP  (24)  VGSKYPELMFOFNK ( 45)
ASPV { 320) CTLRQYCAFYAK  (24)  TRYAAFDFFFGVES [ 52)
BVF ( 116) QTLRQFARPYAP  (24)  SVGAPPHVCIOFND (139)
MBV ( 155) NCLGAHSVKVFA  [24)  VVPANKQLSSPPSS ({ 40)
SmyB { 285) NIVDQTSVSFVA  (24)  VGVLEVELVYHLEG [ 48)

Fig. 3. Amino acid sequence alignments of coat proteins from
ASGV-EF, flexuous rod-shaped plant viruses and ssRNA
mycoviruses. The conserved positively- and negatively-charged
residues (Arg and Asp, respectively), which are proposed to form
a salt bridge crucial to the tertiary structure of the protein, are
shown in bold (modified from Dolja et al., 1991).
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Fig. 4. Phylogenetic tree constructed from alignment of the putative salt bridge region of the ASGV-F coat protein. Numbers indicate the
percentage of bootstrap replicates (N=100) that support each branch node (only values >50% are shown). A bar represents 10
substitutions per 100 amino acids. Viruses used in the analysis and their NCBI GenBank accession numbers are: ASGV:K (AY596172),
ASGV-Japan (D14995), CTLV (D14455), CVA (X82547), ACLSV (P27737), PVT (D10172), BVF (NP068550), ASPV (D21829),

MBYV (NP042511), and SmVB (NP821131).

ASGV-F, the amino acids of the 3' terminus were aligned
with other RNA viruses of the Flexiviridae, the family to
which ASGYV belongs. Flexiviridae comprises Capillovirus,
Allexivirus, Carlavirus, Foveavirus, Mandarivirus, Potex-
virus, Trichovirus, and Vitivirus. Cherry virus A (CVA,
belonging to the same genus as ASGV), Apple stem pitting
virus (ASPV), Apple chlorotic leaf spot virus (ACLSV,
which is infectious to a number of fruit trees) and Potato
virus T (PVT, which is serologically similar to ASGV) were
chosen for comparison. ASGV-F was most closely related
to the ASGV-Korea strain (ASGV-K) which appears to
cause PBNLS disease, and less closely related to the
ASGV-Japan strain which does not cause PBLNS (Fig. 4).
ASGV-F showed a high degree of homology to ACLSYV,
which is capable of infecting the same host plants,
including apples. Serologically, PVT showed a similarity
to ASGV. Interestingly, ASGV-F was more similar to BVE,
a flexuous rod-shaped ssRNA mycovirus, than to ASPV.
To clarify the characteristics and biology of ASGV-F,
electron microscopy (EM) and a complete genome sequence
analysis are needed. Additionally, it will be important to
isolate an infectious clone in future studies, so that the
mechanisms of virus replication in both fungi and plants,
and virus transmission from plant to fungus, fungus to
plant, and fungus to fungus can be better understood.

Acknowledgements

This study was supported by a grant from the Agricultural
Research Promotion Center (203051-3), Ministry of
Agriculture and Forestry, Republic of Korea.

References

Ahn, I. P. and Lee, Y. H. 2001. A viral double-stranded RNA up
regulates the fungal virulence of Nectria radicicola. Mol.

Plant-Microbe Interact. 14:496-507.

Buck, K. W. 1986. Fungal Virology-An overview. In: Fungal
virology ed. by Buck KW, pp. 1-84. CRC press, Boca Raton.

Choi, K. H. and Nuss, D. L. 1992. Hypovirulence of chestnut
blight fungus conferred by an infectious viral cDNA. Science
257:800-803.

Dolja, V. V., Boyko, V. P,, Agranovsky, A. A. and Koonin, E. V.
1991. Phylogeny of capsid proteins of rod-shaped and fila-
mentous RNA plant viruses: two families with distinct pat-
terns of sequence and probably structure conservation.
Virology 184:79-86.

Erasmus, D. S., Rybicki, E. P. and von Wechmar, M. B. 1983. The
association of brome mosaic virus and wheat rust: Detection
of virus in/on uredospores. J. Phytopathol. 108:34-40.

Erasmus, D. S. and von Wechmar, M. B. 1983. Brome mosaic
virus (BMV) reduces susceptibility of wheat to stem rust (Puc-
cinia graminis tritici). Plant Dis. 67:1196-1198.

Gorbalenya, A. E. and Koonin, E. V. 1989. Viral proteins contain-
ing the purine NTP-binding sequence pattern. Nucl Acids Res.
17:8413-8440.

Hong, Y., Cole, T. E., Brasier, C. M. and Buck, K. W. 1998. Novel
structures of two virus-like RNA elements from a diseased
isolate of the Dutch elm disease fungus, Ophiostoma novo-
ulmi. Virology 242:80-89.

Kim, J. W,, Kim, S. Y. and Kim, K. M. 2003. Genome organiza-
tion and expression of the Penicillium Stoloniferum virus S.
Virus Genes 27:249-256.

Koonin, E. V. 1991. The phylogeny of RNA-dependent RNA
polymerases of positive-strand RNA viruses. J. Gen. Virol
72:2197-2206.

Lakshman, D. K., Jian, J. and Tavantzis, S. M. 1998. A double-
stranded RNA element from a hypovirulent strain of Rhizocto-
nia solani occurs in DNA form and is genetically related to the
pentafunctional AROM protein of the shikimate pathway.
Proc. Natl. Acad. Sci. USA 95:6425-6429.

Lister, R. M. 1970. Apple stem grooving virus. CMI/AAB
Descriptions of plant viruses No. 31.

Ohira, K., Namba, S., Rozanov, M., Kusumi, T. and Tsuchizaki, T.
1995. Complete sequence of an infectious full-length cDNA



264 Hye-Kyung Shim et al.

clone of Citrus tatter leaf capillovirus comparative sequence
analysis of capillovirus genomes. J. Gen. Virol. 76:2305-2309.

Revill, P. A., Davidson, A. D. and Wright, P. J. 1994. The nucle-
otide sequence and genome organization of mushroom bacilli-
form virus: a single-stranded RNA virus of Agaricus bisporus
(Lange) Imbach. Virology 202:904-911.

Robyn, L. J. H., Beever, R. E., Pearson, M. N. and Foster, R. L. S.
2001. Genomic characterization of Botrytis virus F, a flexous
rod-shaped mycovirus resembling plant “potex-like” viruses.
J. Gen. Virol. 82:67-78.

Rozanov, M. N., Koonin, E. V. and Gorbalenya, A. E. 1992. Con-
servation of the putative methyltransferase domain: a hallmark
of the ‘Sindbis-like’ supergroup of positive-strand RNA
viruses. J. Gen. Virol. 73:2129-2134.

Shim, H. K., Min, Y. J., Hong, S. Y., Kwon, M. S., Kim, H. R,,
Choi, Y. M., Lee, S. C. and Yang, J. M. 2004. Nucleotide
Sequences of Korean Isolate of Apple Stem Grooving Virus
Associated with Black Necrotic Leaf Spot Disease on Pear
(Pyrus pyrifolia). Mol. cells 18:192-199.

Tavantzis, S. M., Romaine, C. P. and Smith, S. H. 1980. Purifica-
tion and partial characterization of a bacilliform virus from
Agaricus bisporus. Virology 105:94-102.

Thompson, J. D., Higgins, D. G and Gibson, T. J. 1994.
CLUSTAL W: improving the sensitivity of progressive multi-
ple sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic.
Acids Res. 22:4673-4680.

von Wechmar, M. B., Chauhan, R. and Knox, E. 1992. Fungal
transmission of a potyvirus: uredospores of Puccinia sorghi
transmit Maize dwarf mosaic virus. Arch. Virol. Suppl. 5:239-
250.

Yokoi, T., Takemoto, Y., Suzuki, M., Yamashita, S. and Hibi, T.
1999. The nucleotide sequence and genome orgnization of
Sclerophthora macrospora virus B. Virology 264: 344-349.

Yoshikawa, N., Sasaki, E., Kato, M. and Takahashi, T. 1992. The
nucleotide sequence of Apple stem grooving capillovirus
genome. Virology 191:98-105.

Yoshikawa, N., Sasamoto, K., Sakurada, M., Takahashi, T. and
Yanase, H. 1996. Apple stem grooving and citrus tatter leaf
capilloviruses obtained from a single shoot of Japanese Pear
(Pyrus serotina). Ann. Phytopathol. Soc. Jpn. 62:119-124.

Yu, H. J., Lim, D. B. and Lee, H. S. 2003. Characterization of a
novel single-stranded RNA mycovirus in Pleurotus ostreatus.
Virology 314:9-15.



