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Genome organization of a partitivirus from the filamentous ascomycete

Atkinsonella hypoxylon

Chan-Seok Oh and Bradley 1. Hillman*

Department of Plant Pathology, Rutgers, University, New Brunswick, NJ 08903, USA

We have identified viruses in several isolates of the
filamentous ascomycete Atkinsonella hypoxylon. The
virus from one isolate of the fungus, 2H, was selected for
genomic characterization. Purified virus particles con-
tained three dsRNAs with sizes estimated by gel
electrophoresis to be 2-2, 2-1 and 1-8§ kb. A library of
cDNA clones representing the three dsSRNA segments of
isolate 2H was synthesized, mapped and sequenced. The
three segments had no significant similarity to each
other, as determined by Northern blot analysis, and had
sizes of 2180, 2135 and 1790 nt as determined by
nucleotide sequence analysis. Long open reading frames
were deduced from the sequences of dsRNAs 1
(molecular mass 78 kDa) and 2 (74 kDa), but not from

dsRNA 3. Both terminal regions of dsRNA 1 and
dsRNA 2 had similar nucleotide sequences, as de-
termined from 5 RACE clones. Comparisons of the
amino acid sequence deduced from dsRNA 1 revealed
similarities with viral RNA-dependent RNA poly-
merases. Translation in vitre of full-length cDNA clones
representing dsRNAs 1 and 2 each yielded single major
products of > 70 kDa by analysis on polyacrylamide
gels. Based on properties of its dsSRNA segments, the
virus of A. hypoxylon strain 2H fits into the Partitiviridae
family, and represents the first member of this family
from a fungal host completely characterized at the level
of primary nucleotide sequence.

Introduction

Atkinsonella hypoxylon (Peck) Diehl is a filamentous
ascomycete that belongs to the tribe Balansicae (family
Clavicipitaceae) and causes choke disease on several
grasses, including Danthonia spicata (L.) Beauv. {poverty
oatgrass), D. compressa Austin and D. sericea Nutt
(Diehl, 1950; Leuchtmann & Clay, 1988, 19894, b). The
fungus grows epiphytically and systemically around the
meristems, young leaf bases and inflorescences of its host
grasses (Leuchtmann & Clay, 1988). Although A.
hypoxylon causes choke disease, it often enhances
vegetative growth of infected grasses, probably due to
diversion of energy from flowering (Clay, 1984) or
because of alkaloids produced by the fungus.

dsRNA genetic elements are commonly found in
filamentous fungi, either contained in true virus particles
or within pleomorphic lipid vesicles (Lemke, 1979).
dsRNA segments of mycoviruses range in size from 04
to >10kb and their capsid polypeptide molecular
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masses range from 18 to 125 kDa (Buck, 1986). Most
isometric dsRNA-containing mycoviruses have capsids
composed of one major polypeptide species (Buck, 1986).
It is generally assumed that the viral RNA-dependent
RNA polymerases (RDRPs), which are present in the
virions of dsRNA-containing mycoviruses, are also
virus-encoded (Buck, 1979). Isometric dsRNA-contain-
ing mycoviruses have been grouped into two virus
tamilies, the Totiviridae and Partitiviridae, based pri-
marily on genome structure and organization (Buck &
Ghabrial, 1991 a, b).

Members of the Totiviridae have a single dsRNA
segment in the size range 4-6 to 6-7 kb and a single capsid
polypeptide of 73 to 88 kDa (Buck & Ghabrial, 19915).
Saccharomyces cerevisige viruses L1 and L-A are the
most thoroughly characterized viruses in this group.
Several complete totivirus sequences have been pub-
lished, and their genome expression strategies have been
examined in considerable detail [reviewed in Wickner
(1992) and Ghabrial (1994)].

Members of the Partitiviridae have virions containing
two monocistronic dSRNA segments, usually of similar
size (14 to 3-0 kb) and a single capsid polypeptide in the
molecular mass range 42 to 73 kDa (Buck & Ghabrial,
1991a). Little information is available on the genetic
organization of partitiviruses, as no complete partitivirus
sequences have been reported. Based on in vitro
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translation studies, it was determined that one dsRNA
segment of Gaeumannomyces graminis virus encodes the
capsid polypeptide and the other segment encodes an
unrelated polypeptide (Romanos et al., 1981). Similar
results were reported for the Rhizoctonia solani strain 717
virus (Tavantzis & Bandy, 1988).

In a study to screen and characterize extrachromo-
somal genetic elements of fungal endophytes and closely
related epiphytes of turfgrass species, we identified
several viruses of A. hypoxylon. This paper describes the
genomic characterization of one of the viruses.

Methods

Fungal strains. Isolate 2H of A. hypoxylon was collected by J. F.
White (Auburn University) from stromata on the flowering culms of
infected D. spicata in Piscataway, New Jersey during the summer of
1990. This and other fungal strains were maintained by continuous
subculture on potato dextrose agar (PDA) at room temperature.

dsRNA solation, cloning, mapping and sequencing of clones. dSSRNA
was isolated essentially as described by Morris & Dodds (1979) directly
from cultures grown on PDA with cellophane between the mycelium
and agar. Confirmation of dsRNA composition was by nuclease
treatment essentially as described previously (Hillman e al., 1990).
Nuclease treated samples were examined on 1% agarose gels.
Complementary DNA (cDNA) cloning, examination of clones and
sequencing were performed as described previously (Hillman et al.,
1992). Briefly, template dsRNA was purified through CF11 chromato-
graphy columns, concentrated, and denatured m 90% DMSO.
Randomly primed first- and second-strand DNAs were synthesized by
MMLYV reverse transcriptase and DNA polymerase 1. cDNAs were
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tailed with dCTP, annealed to the dG-tailed vector pUC9 and
transformed into E. coli strain DHS5e« cells. Ampicillin-resistant
transformants were screened by blue/white colour reactions on X-Gal
plates. Clones were mapped using Northern blot, Southern blot and
restriction enzyme analysis. Terminal sequences of segments were
identified by analysis of 5 RACE clones (Frohman et al., 1988) with
reagents purchased from Life Technologies Inc. Internal primers that
were segment- and strand-specific were used to initiate cDNA synthesis
from individual dsRNA segments. After tailing with dATP or dCTP,
¢DNA was amplified by PCR from a second internal primer and the
appropriate homopolymeric (dT or dG) anchor primer. Amplification
products were cloned into the vector pGEM-3Zf+ and clones were
sequenced. DNA sequencing was done by dideoxynucleotide chain
termination (Sanger et al., 1977) with [a-3*S]JdATP and Sequenase (US
Biochemical Corp.) (Tabor & Richardson, 1987). Sequence analysis
was performed with the aid of the programs Microgenie (Queen &
Korn, 1984), CLUSTAL V (Higgins et al., 1992) and PHYLIP
(Felsenstein, 1989). Sequence comparisons were done with the
GenBank and PIR databases.

In vitro transcription and translation. Full-length ¢cDNA clones
representing dSRNA 1 (nt 13-2081) and 2 (nt 13-2025) were assembled
from several overlapping cDNA clones. Near full-length clones were
inserted into the expression vector pTL7SN.3, which has an SP6
transcriptional promoter, the tobacco etch virus (TEV) leader for
translation enhancement, and poly(A)-containing terminal sequences
(Oh & Carrington, 1989). Transcription with bacteriophage SP6
polymerase and translation in rabbit reticulocyte lysates (Promega)
were conducted essentially as described by Carrington & Dougherty
(1987). Plasmids were linearized with Sa/l, which cleaves downstream
of the TEV terminal sequence, prior to transcription. Transcripts were
translated at 30 °C for 1 h in rabbit reticulocyte lysates in the presence
of [**S]methionine, and the radiolabelled products were analysed by
SDS-PAGE (Laemmli. 1970) and autoradiography In pulse-chase
analysis, [**S]methionine was added at the beginning of the translation
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Fig. 1. dsRNAs extracted from isolate 2H of 4. hypoxylon. dsSRNA was isolated directly from fungal tissue as described in the text,
electrophoresed through a 7-5 % polyacrylamide gel and silver stained. Wound tumour virus (WTV) dsRNA was used as a size standard

(Nuss & Dall, 1990).

Fig. 2. Northern hybridization for assignment of cDNA clones to dsRNA segments. Total dsRNA of A. hypoxylon isolate 2H was
separated through a 7-5% polyacrylamide gel, blotted to nylon membrane and hybridized with **P-labelled cDNA clones #46 (1-7 kb
insert), #68 (1-7 kb insert) and #91 (0-9 kb insert). Sizes of wound tumour virus (WTV) dsRNAs used as a standard are indicated at

the right.



reaction. After 4 min, nonlabelled methionine was added to a final
concentration of 15 mM. Samples were withdrawn at 2, 4, 8, 16 and
32 min and analysed as above.

Results
dsRNA isolation and cDNA cloning

For most experiments, dsRNA was isolated directly
from fungal tissue rather than from virions. Properties of
virions will be described elsewhere (C.-S.Oh & B. 1.
Hillman, in preparation). Three dsRNAs were evident
from A. hypoxylon isolate 2H (Fig. 1). Their sizes were
approximately 2:2 (dsRNA 1), 2-1 (dsRNA 2) and 1-8 kb
(dsRNA 3), as determined by gel electrophoresis. Two
sets of cDNA libraries were made from dsRNAs of
isolate 2H. The first library was made from total dsSRNA,
and clones were mapped based on their hybridization to
individual dsRNA segments. We found by Northern blot
analysis that individual clones hybridized to only one of
the three segments, suggesting that each segment was

0kb 05 1.0 15 202.18
dsRNA 1 | ORF 1-1 665 a.a.(78 K)(Putative polymerase) |
(2180 nt) S'Arace clones

+ stran - strand
Random clones
[ ORE2-1 652 a.a.(74 K)(Putative coat protein)|
JsRNA2 [ORF22]129 2. (14 K)
(2135 nt) 5' race clones e
+ strand - strand
—_— Random clones
o= ]
(o= ]
B [
| oace]
dsRNA 3 =
(1790 nt) 5' race clones
- stran

Random clones

Fig. 3. Overlapping map of cDNA clones representing dsRNAs 1, 2
and 3 of 4. hypoxylon isolate 2H. For dsRNAs 1 and 2, positions of the
large ORFs discussed in the text are indicated. For dsRNA 3, position
and direction of all ORFs greater than 25 amino acids in any frame on
either strand are shown. Clones were mapped and sequenced as
described in the text. Maps are shown using the sequences in Figs 4, 5
and 6 as the positive strands.
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genetically unique (Fig. 2). To complete the library, a
second set of cDNA clones was made by gel-purifying
individual dsRNA segments 1, 2 and 3, and synthesizing
three independent, segment-specific libraries. By this
combination of methods, complete sets of overlapping
clones representing all three segments, excluding the
termini, were obtained. Maps of clones used for the
characterization of segments 1-3 are shown in Fig. 3.
Randomly primed clones mapping to dsRNAs 1, 2 and
3 were completely sequenced by a combination of
subcloning and the use of specific oligonucleotide
primers. Terminal sequences of dsRNAs were deter-
mined from clones obtained using the 5 RACE system.
Positions of primers used for 5 RACE reactions are
shown with the sequences of the segments in Figs 4, 5
and 6. Only a single 5" RACE clone terminated beyond
the previously available dsRNA 3 sequence, so we do not
have confirmation of the termini of that segment. In
contrast, multiple co-terminal clones were obtained for
segments 1 and 2. Since these segments revealed the
presence of large open reading frames (ORFs; see
below), results will be presented and discussed relative to
the coding strand. Analysis of the clones representing the
termini revealed that the first 17 residues at the 5* termini
of segments 1 and 2 were identical, and that 15 of 18
residues at the 3’ termini were identical (Fig. 7). No
terminal poly(A) tracks were found, but the 3" ends had
A-rich sequences bounded by CTTC sequences at the
termini.

dsRNA 1

dsRNA 1 had a size of 2180 nt (Fig. 4). The deduced
amino acid sequence of the dsSRNA 1 nucleotide sequence
revealed a single large open reading frame (ORF 1-1)
from nucleotides 40 to 2034. A protein of molecular mass
78 kDa was calculated from the 665 amino acid residues
within ORF 1-1. The amino acid sequence deduced from
the nucleotide sequence of dsRNA 1 revealed the
presence of conserved motifs known to be landmarks of
RDRPs, including the highly conserved GDD motif
(Poch et al., 1989). An expanded set of conserved motifs
based on dsRNA virus RDRPs (Bruenn, 1993) are
underlined and labelled with the deduced amino acid
sequence shown in Fig. 4.

dsRNA 2

dsRNA 2 contained 2135 nt (Fig. 5). Two ORFs with the
potential to encode proteins greater than 10 kDa were
evident (Figs 3 and 5). The larger ORF (2-1) spanned
residues 72 to 2027 (652 amino acids) and had the
potential to encode a 74 kDa protein. The shorter ORF
(2-2) started at nucleotide 82 and ended at nt 468 (129
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AGATATTCTGTTAACGACAAACAGTACAGTGCTCCGCAT ATG TCT ACC
M S T

GCA GTT GCT TCA GAA AGC AAC CTC CGC ATT GAC GAA GTT CCC GAG AAT
A v A s E s N L R 1 D E v P E N

GAA TTT TAT AGC TTA CGA GAT TCA E;i ;%% %gg %E% ;;% éGT ATT CCA

E F Y S L R D s D I P S K R 1 P

AAT TCG AAG GAT AAT CTA TAT AAA GAT CAA CCT TCA AGT GGC CCT TCY?
D N L Y K D Q P S E G P S

CAA TAT CTA GAT GAT CTC CGC ACT TGG TGC AGA CCA AAA TCA TCA GAT
Q Y L D D L R T W c R P [N S s D

CAA CCT TTC ACA GAA GAG AGA GAA CGA CGT CTC CTA CCC TTG ATT GAC
Q P F T E E R E R R 1 L L P L 1 D

—_— P I S
GAC ACG AGA TTC TAT CCC TGG AAA CTT TCA ACT AGA GCT GAT TAT ITT
D T R F Y P w K L S T R A D Y F

CAT CCA GAT TTC GCT ACA GGA CCT ACT AAA AAG TCA TAC TTT ATT AAT
H P D E A T G P T K K s Y £ I N

GAA TAT GGC TTC CCT TTC CGT CCA ACA ACG GAT TCC GCT AGG AAT GAA
E Y G F 4 F R P T T D s A R N E

TTG GTT CGA TCC CAT ATC TCA AAA AGA GAT AAT CTA AAA GTT CGA CCC
L \ R S H 1 S K R D N L N v R p

3

CTA €TT ATC CCG CAA GAT ACC ATC GCA CAC ACG TTC GAT GAA 90
L L I P Q D T I A 2] T |3 D E 17

TAT CTC GAA AGA TTC ATT CAT CCG AGT GAA CCT GAG AAC TTT 180
Y L E R F I H P S E P E N 13 17

AAG AAT GGA ATT CAA GTC TTT GAA AAT CTG AAA TAC CAC ACA 270
K N G 1 Q v F £ N L K Y H T 11

CCA ATG AGA GGA GTA GCG AAT ATT ATT CGT GAA TAC TTC CCT 360
P M R G v A N 1 I R E Y F P 107

GAC TCT ATC TTT AAT GAT TTC AAT CAT GAA CAA CGT ATT ACT 450
D S 1 £ N D F N H E Q R I T 137

< FRAET-ToE
CAT TTT CTA GGA ATT AAA CCA TAT GAT ATC GTT CAC TAT TGI 540
H F L 6 I X P Y D I V H Y C 187

CAT AAT CAC TCT CGT GAT AGA AAA GCT CAC GCA GCA AAA TCA 630
H N H S R D R K A H A A K S 197

TCA CAT TTA TTC TTT GAC AGA TCA ACT GTT CAT AAT ATA AAA 720
s H L £ F D R S T \ H N 1 K 227

ACT CTC TTA GAC CTT TGG TTT AAG AAA GTT CCT ACA GAA CTT 810
T L L D L w F K K v P T E L 257

GTT TAC AAT GCC CCT ATG ATA TAT ATT CGT ATA GAA TGT ATG 900

TTA TTT TAT CCA CTA CTT GCA CAA GCT CGT AAA AGA GAC TGT TGC ATA
L F Y 4 L L A Q A R K R D c c i

>
GAA CGC ATT TCT AAT GCC TTC AAC TCA TTT CTA CTT ATC GAC TGG TCA
E R I s N A F N S F L L I D W s

TTT AAA AAG TGG CTT CCA ACA AAG ATC CTT ATA GAT CAT GGT TAC GCT

CAA GCG CAA TCA CAT GGA ATT CCA ATG ATC TCC ARAG GAG TAC CAA ACT
o] A Q s H G I P M I s K E Y Q T

ATT TCT TTT TTA GAA AGA TGG TAC AGA GAC ATG GTT TTT GTT ACC CCA
1 s F L E R W Y R 5 D M v F v T P

v Y N A |4 M I b 1 R I E Cc M 287
(SRAC 1.1 7hs.

ATG TAT GGA TTA GAG ACT ATT CGT GGT GGA ATG AAC GAA CTT 990

M Y 4 G L E T I R G G M N E L 317

AGA TTT GAT CAT CTT GCC CCT TTC ACA ATT TCC AAC TTT TTC 1080

R F D H L A P F T I S N F F 347

CAA ATT AGT AAT TAC CAT GAC CAT GTG CAT TCT TTT AGC GCT 1170
Q I s N Y H D H v H s F s A 377

CCA CCA GAA GCT ACA GTT TTT GCT AAA AAG GTC TTG AAC CTA 1260
P P E A T v 3 A K K v L N L 407

GAC GGA TTT GCT TAC CGT CGT ACT CAT GCC GGT GTT CCT TCA 1350
D G F A Y R R T H A G v P S 437

GGA ATA CTT ATG ACC CAG TTT ATT GAT TCC TTT GTC AAT TTA ACC ATT
G I L M T Q F I D s F v N L T 1

6

ATA AAA CAA CTC CTT GTG TTT ATT ATG GGT GAC GAC AAT GTC ATC TTT
I K o} L L A F I M G D b N v 1 13

TTC GCT AAA TAC ACT CTG GAT CGT TTT GGA ATG GTT ATT AAC ATT TCA
F A K Y T L D R F G M v I 3 N 1 $

GGC TAT ACC AAC AAT TAT GGA TTT CCT ACC CGA TCC ATC TCA AAA TTA
G ¥ T N N Y G 3 p T R s I s b L

GAT ATG TGC ATG CGA GCC ATT GGC TTT GCA TAC GCT AGT TGC GCT CAG
D M c M R A 1 G F A Y A s C A Q

TAT TTT GCA AAG ACT TCA ATC AAT GAA CGT CTT ATC CTA AAA GGC CGA
b4 3 A K T S I N E R L 1 L N G R

TCA GAA CAC ATC AGG CTA GAT CAT TTT CCT TCA CTA TCT GAA GTT CGA
S E LS 1 R L D H 3 P s L S E v R

TTT GGG ACT ATT CCT ACT TTC TCA ACC CCC CAA ACC CTT CGC GAC CAA
E G T I P T £ S T P Q T L R [l Q

. SRAE -2 mhss >
TTA CTT GAT GGT TTA ATT GAA TTT GGT TTC ACA GAT GAA GAG 1440
L L b 6 L 1 E F 6 F T DD E E 467

ACA CCT TGG ACT CTT C1T AAA CTA ATC GAG TTT TTC GAT TGG 1530
T 4 w T L L K L I E F F D W 497

AAA TCG GCT GTA ACT TCA ATT CGC CGC AAA ATT GAA GIT CIT 1620
I8 S A v T s 1 K R K 1 E v L 527

GTT GGT CAG CTA GCC TAT CCA GAA AGA CAC GTT ACT GAC GCT 1710
v G Q L A Y P E R H v T o] A 557

TCA GAA ALT TTT CAC GCC TTA TGT AAA AAA GTA TTT CAA TAC 1800
s E T F H A L C K K v F Q Y 587

AAA GCA GAA CTT CCA GGA ATG TTC TTT GCC TAC CCA GAT GTT 189%0
S A 13 L P G M F 3 A Y P D v 617

ATC CTT TTA TCT AAA TTT CAA GGA TAT CTT ARG GAA ACT CCC 1980
L L S K F 4 G Y L K £ T P 647

ACG CAA TGA CTCTAGATGAGTTCATGAAGCTTTCGAAACTTCATGAAAAGCA 2080
T Q 665

CTAGTTCTATIGTTTTCTAGATTTCGTGGCCAACCCACAGAGGTCTATATTTCATCATICAGTGATGAAACCCCCCCCCACAAAATAAAATAAAACCTTC 2180

Fig. 4. Nucleotide sequence of dsRNA 1 of 4. hypoxylon isolate 2H, shown as the (+)-strand cDNA. An open reading frame from
nucleotide 40 to 2034 has the potential to encode the 78 kDa protein shown in single-letter code. The positions of conserved RDRP
motifs of dsRNA viruses identified by Bruenn (1993) are indicated with hines over the sequence. Positions of first and second internal
primers used to generate 5 RACE clones of both strands are shown, with direction of ¢cDNA synthesis indicated by an arrow.

amino acids), potentially encoding a 14 kDa protein. No
clear homologies were identified between either of these
deduced proteins and other proteins in the PIR database.
The possible relationship between the dsSRNA ORF 2-1
product and specific viral proteins was also examined by
pairwise comparisons, again without indication of such
relationships.

dsRNA 3

Although many overlapping clones representing dsRNA
3 were sequenced, no large ORFs were detected on either
strand (Fig. 3). We therefore have not assigned a positive
or negative strand to this segment. The sequence of one
of its strands is presented in Fig. 6. As suggested earlier,
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AGATATTCTGTTAACGATTGTATCTATTTAATCTTCAGCTACTATCTACCCTACAACCACTTACCAAAGAA ATG TCT TCC AAT GAC TCC GCA CAA 95
M s S N D S A Q 8
ACC CGC AAC CTC CAG GAA GAG AGA TTC AAT GAA AGA ACC TCT ACC CCT ACA GTT GTC ACC GCA GTC CTC CCA GAC ACC AAT GGA CCG ACC 185
T R N L Q E E R E N E R T s T P T v v T A v L P D T N G 4 T 38
ACG AAC TCC ACT TCC GGT TCA GTT GGA CCT CCA CAC CCA ACC CCG AAC GTT CCA GTT CCC ACC CAA TCC AGT TCT GAC CCA CCG TCA GCG 275
T N S T s G s v G 4 P H P T g N \2 P v P T Q S S S D P P s A 68
TCT GGA ATC TTT GCA AAG GAA ATT GAC CTT CCC CGC AAT GTT ATC CAA CAC AGC GGA AAC AAG TTC ATC CTT GAC GTC GTC CCA GAC TCA 365
S G 1 F A K E I D L P R N \' I Q H S G N K 13 1 b D v v P D 5 98
AGA TTT CCC ACA TTT GCT ATT ACA GAG TTT GTT CAA CGA AGT TTC TCC AAC TTT ACC TTC GAA CAA TAC TCC TAC GTC AGT CCC GCC TCA 455
R 13 P T F A I T E F v Q R 8 F s N F T F E Q Y S Y v S P A S 128
CTC GTC GGA TAC CTA GTC TAC ATG ATT CACT GCA TTC GTG TTT CTT GTT GAC GCA TTT GAA CGG TCT CCA ATG TCA GCG TAT GCC TCT GAA 545
L v G Y L A4 Y M 1 H A F \ F L v D A ¥ E R S P M S A Y A s E 158
ATT GAT GCA TCC CAT GCA TAT CTC AGA ATC ATT GAC GCT TTC AGT GAC GCT TAT ATC CCA GAT TTT CTA TTT GAA ATT CTG GAC ACC TAC 635
I D A s H A Y L R 1 I D A F s 0 A Y I P D F L F E I L D T Y 188
CTC TCT CAT AGA CTT GAC ATC AGG TCA AAG CTT GAG ATG AAC GTA TCC TAT GGA AGC GTA CTC TAC AAG TAC GAT GCT CCA CGC ATT GTA 725
L S H R L D I R S K L E M N v S Y G s v L N4 K Y 2] A P R 1 v 218
< SRACE 7-2 phs
GCG CCA TCA ATC TTT TTA TTG GCC CAC AAT CAA CTC ATT TCT CAA TCC CGC GAA TCT ACC GCT TAC GAA AAA TGG CTT GAC TCA ATT GTC 815
A P s I 3 L L A H N Q L I S Q S R E S T A Y E K W L D S I v 248
ATC CAT TAT AGT AGA GCA GTT ATA AGA GTC GGT AAT CTT GTC GGT GGA CTA TAC CAG TCC TCG CAC GGC AGT ACC ACC ACC CAT TTC ACT 905
I H Y S R A v I R \ G N L v G G L Y Q S S H G S T T T H F T 278
< SRACE 2 -1 phy ]
TAT AGA AAT TGG TTC GCA CGC TCT CTT AGT CGC CTA GCT GAC TCT GCA ACT CAC AGA ACT CAC CJT CGC CGA CCC ATG ATT TCC GAA TTT 995
Y R N W F A R S T s R L A D S A T H R T H L R R 13 M 1 S E 3 308
GAT TAT AAC ATC CCA TCA GTT AAT AAC AAC ACG TAT AAT CCC TAC GTA CAT TTA CTC ATG TTA GAA CCA AAT AAC AGA AAC ATT ACT CTA 1085
D Y N I P S v N N N T Y N I4 Y v H L L M L £ P N N R N I T L 338
GAT TTT ATT AGA AGT CTA TCG AGT TTT TGT TCA ACG GAA CTC AAA GCT ACA AGA ACC TTA AGA GAT CAT ATC TCT AGA CGA TCT GCA GCT 1175
D F 1 R S L S S F o S T E L K A T R T L R D H 1 s R R S A A 368
ATT TCG AGA TGT GTC ATA AAA GGA CCA GAA GCC CCT ACT TGG CAT TCT TCT CCT CTT GAC GAT CTC AAA GAG AAA TCC AAA CAA GGT AAT 1265
I S R c v I K G P E A P T w H S S P L D D L K E K S K Q G N 398
SRACE 2.1 mirxss
TTT TCA CAA TTT TGT GAA GTT GCC AAA TTT GGT CTA CCC CGC AAG GAA AAC TCT GAA AGT TAT ACT TTC AAG TTT CCT AAG GAC GCC AGT 1385
F s Q F C E v A K F G L P R 4 E N S E s Y T F K F P K b A S 428
iCT ATT GAT ACT GCA TTC TAC CTT ATC CAG GAG AAT GGA AGA TCA TCA GTT CTG GAT CCA ACC ACC GCA GAT GAA GAA CTT CAT ACC GAA 1445
T I D T A F Y L 1 Q E N G R s s v L D P T T A D L g L H T E 458
GGT ATG AAT CTT CTC TTT GAC CCA TAC GAT GAT GAA TCG TCT GCT CAT TAC GCT ACA GTA CTG AGT GGA AAA TTG ATT CAA AAT TCA AAC 1535
G M N L L F D -4 Y D D E S S A H Y A T v L S G K L 1 Q N S N 488
ATC GAT GGT GAA ACT CTG CTA CTA CCG GAC CCA ACC ACT GGT CTC GCA CGT ACLT AAT TCC CGT TAC TTG CAA GGC TCA GTT CTT ATC CGG 1625
I D G E T L L L P D P T T G L A R T N s R Y L Q G S v L 1 R 518
AAT GTC CTC CCT GAA TTC GAT CAA CAT GAA ATC AGG CTT TTC CCA CGA TAT CCC CAL ATA TCT AGA CTA AGC GCA TCT TTA ACT TTA TTG 1715
N v L P E F D Q H E I R L F P R ¢ P Q 1 s R L S A S L T L L 548
(__SRAGE 2-2 mins__
TTT AAT ATG CGA CAA GTC TGG ATT (CT CGA TTC AAG CAG AAA GTT GAT GAG CAA CCT AAG CTC TCA AAC TTC TLT TGG AAT GAA GGC TGT 1805
F N M R Q v W I 14 R F K Q K v D E Q P k L S N F S W N E G [} 578
GAC GGC ACC GTT CCC TCA TTG AAC GTT GTT ACA GCT GAA TCC TCA ACC AAT GGC CCC GCT GCT GAG CAG CAG GTC ATC CTA TGG TCT AGT 1895
D G T v P S L N v v T A E S S T N G P A A E Q Q v I L w S S 608
TAT AGA CAC GTG TCA AAT AGT GAC CGC CCC ACT GTT GAT ACA GTC TAC TAC TAC TCC ACC TTG GAA CTT CTT TTT GGA ACC CGA AGC TCA 1985
Y R H v S N S D R P T A D T v Y Y Y S T L E L L F G T R S S 638
ATG ATG CAA ACC TAT AAT TTA CAT CAA CTT CTC TCA CTC CAC TAG TTTTTTGGTGATTTCCTTTGTGTGTTATCTTTCCTTTCACACTTTCTAAAATTAGAAAA 2089
M M [s) T Y N L H Q L L S L H 652
ACAAAAAAAAAGTATAAAAACATAAAAGAAAAAAMAAAAAAAACTTC 2135

Fig. 5. Nucleotide sequence of dsRNA 2 of 4. hypoxylon isolate 2H shown as the (+)-strand cDNA. An open reading frame from
nucleotide 67 to 2015 has the potential to encode the 74 kDa protein shown in single-letter code. Positions of first and second internal
primers used to generate 5 RACE clones of both strands are shown, with direction of cDNA synthesis indicated by an arrow. Two
different oligonucleotides were used as second internal primers to generate 5" RACE clones from minus-strand template.

we do not know whether the termini of segment 3 are
represented in our sequence, so its sequence could be
slightly larger than the 1790 nt in Fig. 3. Since this
segment lacked apparent coding potential, we did not
pursue multiple attempts to clone its termini. There were
no obvious similarities between the sequence of segment
3 and the other segments. Additional evidence that the
segment 3 map in Fig. 3 in fact represents segment 3 was
obtained from PCR experiments, in which products of

predicted sizes were amplified from cDNA synthesized
from purified segment 3 dsSRNA (data not shown).

Cell-free transcription and translation of cDNA clones
representing dsRNA 1 and 2

Physical evidence for expression of the translation
products deduced from dsRNAs 1 and 2 was obtained
from in vitro translations in rabbit reticulocyte lysates
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ATAAGTATAT GACTAATATG TACTTTCGTG AGCGTGACGA AACCAATAGH GGTATAGAAG GGAGGTCTTG AAGTGCAAGT GTAATTTAAR 90
TGTACCTTCT GAATGGTGGG GGTGTGAGAC TTTCAGAGTG ATAGTCGGGL ACCTGGTAAA AAGAAGGGTA TAAGCAGGAG AATTCGCGGT 180
ATTATTGAGA GGAGGTCAAA TAACACGTTT GACGTGAATA ATAGGATTGT CCAAGAAACT ATGAAAATAG CTTCGATAAC TCAGATAATG 270
CAACCGAGGT TTTCAGTTAA CAGGTCTACC ATAATTGGTA ATACGCTGCA GGGCGCGGAA TCACTAAAGT TTTAAGAGGC GATGTTATGG 360
ATCGCTGCTT CTTTAGTAAT AAATACTAAG GCTTCTCGCA TCTAATTTCG TTTTAGCAAA TCTAACCTGS TGACAATTAT TACAAARATC 450
TTGAATACTA GGTCACAGTA GAGGTGGTTG ATGAGTGTCA AGTAGGTTTT GACAGGCGAA GAGACGGAGSG GGGGGGCGGT GGTAATGGAT 540
GGAAGGACTT AAGGGCGAAG GTCTAGAGGA ATCTGTTTGT TCTTCGAGTT CTTTGTAGTT TCCTTCTTCC AGAGCTAGTG CTCGTCTTCG 630
TTCTCGTTTC TAACGGAGGT GTCAACTCAG GGAGCTGTTT TGATACGCTC TTTTATAGCS AGGAAAGAAG TAACGGAGTT TAAGCGCTAG 720
[ SRAE 3T e >
GGGCTGACTT CTTCGGAGAA AGGTTTCCGG AAGTTAGTTA TCGCTTACTC TAACTCAGAG CTGGCGGTAA AAGTTGCTAC CCTACGTTGG 810
TCAGTAGAGG TCAACTTGCT CAGGAAGTTT TCCTGTTGGG GGACGCGGCA GTTTTTTGAC TAATGCCATT TTAGGTAGGT CAAGTCAGTT 900
TCTGTTTCGT AGTGAGGTCA TGCCTCTTTT TGAACGAAAG ATGTCTGGTT GGTCTTGACG TATTAGTCAA TTCGTGGAGG GGTAGATTAC — 990
ATTTTGATCT ACTATTTAAA CGACGATAAA GTAATGTTAG ATTACTAGIC AAGTCACTGA ATTCGCAGTA AGTCTGAATA GGTGTACACT 1080
GTTCAGGTGT TAGGAGTGCT GCTCCATGTT TAAGTAGTAG TAGGAGTAGT CTACAGGLTA ATCGATCAAA ACTTAGAGTT TCTAAGAGTT 1170
TCGATTTTGA AGTGTTATAG TAAGTTTTAC TATACGTTAA TCAATAGGAG TTACCATTTG ATGGAAAACG GTATGGTATT AAATTCCAAT 1260
GAAAGGAAGT AGTATAARAAA GTCACAAATA TATTTTAAGT GAATTTTCGA GTATTCTTCG TAGTCAGAAA AGGATTTCTA CTATAAGARA 1350
AGGAATAACT TTGTCTCGAT GACAGCATAG CTGTAAAAAG ACTAAGACGA CAACAATGTC GTAGTCGAGG GTACTGGTTC AARACAAATG 1440
TTCTTTGGAA ARGAARATGT TCTGTATCCC AATTTTTCTT GGGAAAAGAT AAAGGGTACT AATTACTCTT ACTATCTAAA CTAAGGTAAA 1530
GTAAAGAAAG TACGTATAGA GTAGAAGTGC TTCTTATGCT TCTCAATACC TTCAGGAGAA AATCTCCCCG TGAGCGTGGA CGGAAAGATA 1620
TCGGGGACGC TARAGCAATC GCGTAAATGT ACGGAAAGAA AAATGCTTAA AAGGAAT(GG CCCAATATCG AACAAGGGAA ATCAACAGTT 1710
TATGAAAATA AGGTTCATTT TTAATATTTA TTTAATTTAT TTTAAACGTG GGTTTTTGHT TTTTTTTAAT GTTCGGGAAG 1790
Fig. 6. Nucleotide sequence of dsRNA 3 of 4. hypoxylon isolate 2H. Since there 1s no evidence for a coding strand, the strand shown
as cDNA was chosen arbitrarily. Positions of first and second internal primers used to generate 5 RACE clones of the minus strand
are shown, with direction of cDNA synthesis indicated by an arrow.
(@) sequence. No shorter products were detected in these
ions.
1 5’ AGATATTCTGTTAACGA caAaCagTa- translations
.O.....C‘-.I.ll - » L I
® & » » s 5 o ll.... . .
7 + :
2 5’ AGATATTCTGTTAACGAttgtAtCtaTt- Sequence comparisons of RDRP among dsRNA viruses
In alignments using larger numbers of RDRP sequences
)]

1 —CCCCCCCACAAAAtAAAAtAAAACCTTC 37

2 —aCataaaAgAAAAaAAAAaAAAAaCTTC 37
Fig. 7. Comparison of 5’ (a) and 3’ (b) termini of dsSRNA 1 and dsRNA
2 nucleotide sequences of A. hypoxylon 2H virus. Identical residues are
indicated by two dots (:) and shown 1n beld type.

using near-full-length clones of these segments (Fig. 8).
cDNA clones containing full-length copies of the
predicted large ORFs of isolate 2H dsRNAs 1 and 2 were
assembled with the SP6 promotor for transcription and
the TEV leader sequence to enhance translation in vitro.
Both constructs resulted in one major product in a
standard 1h translation (Fig. 8b) and in time course
translations (Fig. 8 ¢). Translation of transcripts from the
dsRNA 1 construct resulted in a single major protein of
> 70 kDa and a few minor bands. The electrophoretic
mobility of the major translation product of the dsRNA
1 construct was slightly below the predicted 78 kDa, but
within the variation range expected for PAGE. The time
course study revealed that the minor bands in the
dsRNA 1 translations accumulated early and that the
predicted full-length product accumulated later, suggest-
ing that these were immature proteins rather than
products of post-translational proteolytic processing.
Translation of the dsRNA 2 construct resulted in a
single large protein of nearly the same mobility as the
dsRNA 1 product. This protein was approximately the
74 kDa size predicted from the dsRNA 2 nucleotide

from positive sense, negative sense and dsRNA viruses,
we found that the A. hypoxylon 2H virus RDRP was
more closely related to dsSRINA viruses such as totiviruses
and partitiviruses than to ssRNA viruses (data not
shown). We therefore narrowed our alignments to
investigate relationships among these viruses (Fig. 9).
Employing the same sequence parameters used by
Bruenn (1993) in his investigation of dsRNA RDRP
relationships, we found that the A. hypoxylin 2H virus
RDRP was more closely related to the RDRP of beet
cryptic virus [BCV3(2); Xie et al., 1993] than to the
RDRP sequences of totiviruses from Saccharomyces
cerevisige (L1 and L-A), and Ustilago maydis (UmVH1).
NB631, a small mitochondrial dsRNA of Cryphonectria
parasitica (Polashock & Hillman, 1994), was included as
an outgroup for developing a phenogram based on these
alignments.

Discussion

Of the six isolates of the turfgrass choke pathogen, A.
hypoxylon, that we have examined, five had resident
dsRNA viruses (C.-S. Oh & B. 1. Hillman, unpublished).
In this paper, we have described the genome organization
of the virus from one of these isolates, 2H. We have
evidence that the virus population from one of the other
isolates, A3, is similar or identical to the 2H virus, but
that the other three are different (C.-S.Oh & B.L
Hillman, unpublished). We have made many attempts to
pass these viruses by hyphal anastomosis or to eliminate
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(@)

SP6 TEV ; R TEV 3’ terminus
promoter leader dsRNA 1 nt 13-2081 Poly(A),;
—— e
Sall
F

mRNA transcript (~2500 nt)

SP6 TEV
promoter leader

TEV 3’ terminus
Poly(A)»7

dsRNA 2 nt 13-2025

Sall
S
mRNA transcript (~2500 nt)
(b) (o)
kDa dsRNA 1 dsRNA 2 Control dsRNA 1 dsRNA 2
Time (min)... 0 2 4 816 32 02 4 816 32 02 4 816 32
kDa
116 —
97-4 — . - -
. 66 —
68-0 45 —
43-0 — m:,,w 29 —
29.0 — | " 184 —
142 —
184 —

Fig. 8. Translation expression cassette of full-length ORFs 1-1 and 2-1 (Fig. 3) and their in vitro translation products. () Full-length
¢DNA clones representing dsSRNA segments 1 and 2 were constructed as described in the text. (b) Cell-free translation of transcripts
shown in (a). Translation reactions were incubated at 30 °C for 1 h. (c¢) Pulsed-chase analysis. [**S][Methionine was added at the
beginning of the translation reactions. After 4 min, nonlabelled methionine was added to a final concentration of 15 mm. Samples were
withdrawn at 2, 4, 8, 16 and 32 min. Proteins were analysed by SDS-PAGE and autoradiography. For (b) and (c). transcription with
bacteriophage SP6 polymerase and translation in rabbit reticulocyte lysates were conducted as described in the text. Plasmids were
linearized with Sa/l which cleaves downstream of the TEV terminal sequence, prior to transcription. Transcripts were translated in the
rabbit reticulocyte system i the presence of [**S)methionine, and the radiolabelled products were detected by SDS-PAGE and
autoradiography.

viruses from the cultures, but have thus far been
unsuccessful. Therefore, we do not know the effects of

2 likely encodes the viral capsid protein, since a single
major protein of ~ 74 kDa was detected from disrupted

these viruses on the biology of their fungal hosts.
Comparative examination of physico-chemical proper-
ties of the 2H virus will be presented elsewhere.
Members of the Partitiviridae are common in fungal
hosts (Ghabrial, 1994). Although the plant cryptic
viruses have been included in this family as a separate
genus (Ghabrial et al., 1994), nucleotide sequence data
have not been available to support this phylogeny.
Nucleotide sequence and deduced translation data
presented here strongly suggest that the A. hypoxylon 2H
dsRNA 1 encodes the viral polymerase. dSRNA segment

virion preparations (data not shown). These results
support the conclusions of Romanos et al. (1981) and
Tavantzis & Bandy (1988) for similar viruses. We have
not yet unequivocally confirmed these assignments
serologically. Based on in vitro translations of segments
2, we have no evidence for expression of the smaller ORF
2-2. As segment 3 appears to have no coding potential
for large ORFs, its function in the viral replication cycle
is not clear. dsRNA 3 may simply represent a satellite
dsRNA segment that is not necessary to viral replication.

In addition to tentatively assigning gene functions to
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Q)
( 1 2 3 4
ScVL-A LTENGVDEEVDWEKE- - -KRNRSDIK [18) TMPUGIVHS [51) GKVRA---LYG [47) F-CYDFDDFNSQH
ScVL1 LMNRGVGHVSWQAE- --KDHGLNPD [18] WYPGGSVHS {[50)] GKQRA---1YG [48) F-CFDYDDENSQH
UmVHI LYGRGGVLVNWAEDFANKA--SHPD [25] WLVSGSSAG [61] GKARA---I1YG [50] FNSYDYPDFNSMH
Ahypox LSTRADYFHNHSRDRKAHAAKSHPD [23] WFKKVPTEL [38] ARKRDCCIMYG [20] FLLIDWSRFDHLA
BCV3{2 GPPGGETHM [45] TKVROG---VWG [52] YAL-DWSSFDSSV
. . . » . . .,
5
SeVL-A {23] f----BEAAKWTRNSVDRMVAHQPNTGETYDVKGTLFSGWRLTTPPENTALNYCYLANAGI------ NSL-~-VP
ScVLI {23} A----EAMMWVCESVRHMWVLDPDTTEWYRLQGTLLSGWRLTTPENNTVLNWAYMKLAGYV--~-- - FDLDDVQ
UmVH1 {31] LALIEHGFDWLIESVYHQYVIHPDTGAIIKTASGLYSGDRDTTLINTLLNIAYASYVTDRSMA-HKYVDPGVYV
Ahypox {31] LNLISFLERWY----RDMVFVTPDGFAYRRTHAGVPSGILMTQFIDSFVNLTILLDGLIEFGFTDEEIKQLL
BCV3[2 (25] PELSRIL---F----KHKKLAAPDGNIYM-IHKGIPSGSYYTSIVGSVVN-RLRIEYIWRVLFSRSPHR- - -
. . . . .
6 7 8
ScVL-A TSLHNGDD-VFAGIRTIADGISLIK- -~~~ NAAATGVRANTTKMNIG-TIA---EFLRVD--MRAKNSTOSQYLTR
ScVL1 DSVHNGDD-VMISLNRVSTAVRIMD- - - - - AMHRINARAQPAKCNLF-S15---EPLRVEHGMSGGDGLGAQYLSR
UmVHI ERLCHGDD-IITVHRSLPGAMLWND- - - - - EAAKCNLKGQESKLMIDHKHH---EYLRI---MGCDDVKLRGCLAR
Ahypox VPIM-GDDNVIFTPWTLLKLIEPFDWFAKYTLDRPGMVINISKSAVT-SIRRKIEVLGY---TNNYGF-PTRSISK
BCV3[2] CYTQ-GDDSLIGE--TFLVEPETVAR----EAAKYGWIMNPDKTEYS -TDPGYVTFLGR---TAH-GFMNARSLDK
*ee . . L] . » . .
(»)
ScVL-A
_____{_| ScVLI
UmVHI1
Ahypox
. I BCV3[2]
NB631
649
1 1 1 I ] 1 1
60 50 40 30 20 10 0

Fig. 9. Comparison of 4. ~ypoxyfon 2H virus putative RDRP with putative RDRPs of other dsRNA viruses. () Amino acid sequences
within the conserved RDRP motifs suggested by Bruenn (1993) from the S. cerevisiae viruses SCVL1 and ScVL-A, U. mayd:s virus
UmVHI and beet crptic virus 3 dsRNA 2 [BCV3(2)] were aligned with sumilar sequences of the 4. Aypoxylon 2H virus (Ahypox).
Designated motifs 1-8 are those suggested by Bruenn (1993), as in Fig. 4. Conserved residues are indicated by an asterisk (*) and similar
residues with dots (.). The number of residues between the conserved motifs is indicated in parentheses. (b)) Dendrogram based on
alignments 1n (a). The homologous sequence of a small dSRNA of Cryphonectria parasitica (NB631) (Polashock & Hillman, 1994) was

included as an outgroup.

segments 1 and 2 of the 4. hypoxylon isolate 2H virus, we
have determined that their terminal sequences are
conserved. We found no close similarity between 3’
termini of the A. Aypoxylon dsRNAs and BCV3[2] (Xie
et al., 1993). Both viruses contain the 5’-terminal
sequence AGA, however, and both have A-rich sequen-
ces near the 3’ termini. The A-rich sequences of BCV3[2]
were suggested as possibly involved in polyadenylation
(Xie et al., 1993). We have no information regarding
possible presence of poly(A) tails on the mRNAs
presumably associated with the A. Aypoxylon 2H virus.

Many other multisegmented viruses have the property
of conserved terminal sequences, including dsRNA-
containing viruses (e.g. Anzola et al., 1987), negative-
strand RNA-containing viruses (e.g. Stoeckle er al.,
1987) and positive-strand RNA-containing viruses (e.g.
Ahlquist er al., 1984). In the case of reoviruses,
differences in conserved terminal sequences have been
conjectured to represent sorting signals that ensure
packaging of exactly one copy of each segment per
virion, in addition to providing proper cis-acting sequen-
ces for replication of that segment (Anzola ef al., 1987).

Unlike reovirus segments, no inverted repeats sequences
were associated with termini of A. hypoxylon segments 1
and 2 and they were not predicted to form panhandle
structures. Furthermore, viruses similar to the A.
hypoxylon 2H virus are thought to encapsidate a single
dsRNA per particle (Wood & Bozarth, 1972; Buck et al.,
1981). We have no data regarding specific encapsidation
of dsRNAs in this system, and the role of conserved
terminal sequences of segments 1 and 2 of 4. Aypoxylon
isolate 2H is yet to be determined.

Bruenn (1993) found that RDRP sequences of dsRNA
viruses such as totiviruses and BCV were more closely
related to each other than to RDRP sequences of ssRNA
viruses. This is in contrast to RDRP sequences of some
other dsRNA-containing viruses, including many of the
C. parasitica viruses, which are most closely related to
the ssRNA-containing plant virus family Potyviridae
(Koonin et al., 1991; Hillman et al., 1994), and T and W
dsRNA viruses of S. cerevisiae (Matsumoto & Wickner,
1991; Rodriguez-Cousino et al., 1991; Esteban et al.,
1992) as well as NB631 of C. parasitica (Polashock &
Hillman, 1994), which are most closely related ssRNA-



containing coliphages. Our alignments support these
conclusions, extend the dSSRNA RDRP alignments to the
fungal partitiviruses, and support the inclusion of plant
cryptic viruses within the Partitiviridae.

The sequence similarity between the 4. Aypoxylon 2H
virus and BCV3 is intriguing. The epiphyte A. hypoxylon
is closely related to fungal endophytes such as Acre-
monium spp., which inhabit plants intercellularly with-
out causing disecase (Schardl et al., 1991). As more
information is generated, it will be interesting to examine
similarities and differences between other plant and
fungus-infecting partitiviruses.

We thank Dr T. Michael A. Wilson for his participation in the initial
stages of the research and Dr James White for isolate 2H of 4.
hypoxylon. We thank the Rutgers Turfgrass Research Fund for
supporting this work.
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