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Summary. Sugarcane striate mosaic associated vi(@SMaV) has slightly
flexuous 950 nnx 15 nm filamentous particles and is associated with sugarcane
striate mosaic disease in central Queensland, Australia. We report the full se-
guence of its RNA genome, which comprises 5 open reading frames representing
the polymerase, movement function proteins encoded in a triple gene block and
coat protein. Phylogenetic analyses based on either the full nucleotide sequence,
the polymerase protein, or the coat protein all placed SCSMaV in an intermediate
position between the gendraveavirusandCarlavirus but outside both genera.

In addition, the absence of a sixth open reading frame excludes it from the genus
Carlavirus and the coat protein is approximately half the size of the type member
for the genugoveavirus Although SCSMaV was most closely allied@herry

green ring mottle viruby genome analysis, the two viruses are morphologically
and biologically dissimilar. SCSMaV may therefore represent a new plant virus
taxon.

Introduction

Sugarcane striate mosaic disease of sugarcane (SCSMD) was firstreported in 1961
in Queensland, Australia, and the distribution of the disease appears limited to
this area [14, 15]. The isolation of double-stranded RNA (dsRNA) from SCSMD
affected cane [9] led to the preparation of a disease-specific random PCR cDNA
library and the production of disease specific nucleic acid probes. These were
used to detecbugarcane striate mosaic associated vi(BE£SMaV) [8], which

has unusual slightly flexuous rod shaped particles measuring 9%Q&mm,
encapsidating a single strandedpdlyadenylated RNA genome [8]. A discon-
tinuous partial sequence of approximately 2.5 kb representing about 28% of the
SCSMaV genome tentatively suggested that SCSMaV was most closely related
to Apple stem pitting virufASPV), the type species of the gerfureavirug8].
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This paper describes the complete sequence and genome organization of
SCSMaV, and investigates its relationship to similar viruses. We conclude that
SCSMaV does not fit into any established plant virus genus and may represent a
new taxon.

Materials and methods

Isolation of nucleic acids from sugarcane

SCSMD affected sugarcane was maintained as previously described [8]. dSRNA was isolated
from SCSMD sugarcane leaf tissue using microgranular cellulose [9]. Total nucleic acid
(TNA) for 5" and 3 random amplification of cDNA ends (RACE) was isolated from diseased
sugarcane leaf tissue [27].

Reverse transcriptase-polymerase chain reaction (RT-PCR)
products representing the viral genome

The known sequence of SCSMaV was aligned with the RNA dependent RNA polymerase
(RARP) gene of ASPV [8] and primer positions were identified for amplifying intervening
regions. Oligonucleotide primers of ca 30 nucleotides (nt) were designed and tested using
the computer programs Oligo (Version 4.01, National Biosciences, MN) and Amplify (Ver-
sion 1.0, University of Wisconsin, Genetics, USA) and were positioned so as to amplify
from at least 100 nucleotides within the known sequence. Bridging the gaps across these
regions was done using RT-PCR with two SCSMaV specific primers to amplify the region
in between. Reverse transcription (RT) was done with Superscript Il Reverse Transcriptase
(RTase) using a maodification of the manufacturer’s instructions (Gibco BRL Life Technolo-
gies). The SCSMaV specific primer (QuM) and 8l SCSMaV dsRNA were initially dena-

tured in O at 100°C for 10 min, then chilled on ice. The RT was done in g:2@action
volume containing the denatured primer-dsRNA mix, Superscript Il RTase first strand buffer,
10mM DTT and dNTPs at 2 mM each. This mix was equilibrated aiCGfbr 2 min, 200 U
Superscript I RTase was added and the incubation continued®@ #2 50 min. The RTase

was heat inactivated at 7€ for 15 min. PCR was done in a 0reaction volume containing

2 pl of the RT mixture, SCSMaV specific primers (Qu¥1), 1.5 mM MgCh, dNTPs (0.2 mM

each), DyNAzyme DNA polymerase reaction buffer and 0.2 U DyNAzyme DNA polymerase
(Finnzymes, Geneworks). The thermal cycling was an initial denaturatiorr&t &4 5 min,
followed by 30 cycles of 1 min denaturation at¥, 1 min annealing at 60C, and 3 min
extension at 72C, with a final extension at 7Z for 10 min. PCR products were analysed

by electrophoresis in TAE buffered 1% agarose gels containingdral ethidium bromide.

To extend from known sequences, sequential clones were generated with an anchored
RT-PCR [12] using primers internal to the known sequence to synthesise the first strand of
cDNA from dsRNA. The second strand reaction was initiated at random sites within the cDNA
by adding 0.1.g of Universal primer-diy (UN-RH: 5 GCC GGA GCT CTG CAG AAT
TCN NNN NN 3) [13], denaturing at 100C for 3 min, chilling and synthesising the second
strand in 50 mM Tris-HCI, pH 7.4, 10 mM MgS©0.1 mM DTT, dNTPs (0.3 mM each)
with 5-10 U Klenow DNA polymerase (Promega), at’&/for 30-60 min. PCR conditions
were as above and included the Universal primer (UNG6C GGA GCT CTG CAG AAT
TC 3) [13] and SCSMaV-specific primer (Opdm each).

For RT-PCR extending to the coat protein region, a degenerate potexvirus primer, PXCP,
complementary to a region within the coat protein gene of a range of rod-shaped viruses
(provided by J. Thomas, DPI, Qld.) was used to prime the RT reaction under the con-
ditions described above. The cDNA was amplified in a PCR with each of the primers
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SCSMaV-Ul1l (5GTC CTG AGC TAT ATA TTT CGC TGA CTC GCC 3 and PXCP
at 0.4p.M as described above.

5 and 3 RACE

5 RACE was done on TNA extracts of diseased sugarcane leaf with R&GE kit (Gibco

BRL Life Technologies) according to the manufacturer’s instructions. Primer SCSMaV-L19

(5 CTT AGA AGG CGG GCACAATTG ACA GGT TGG 3 was used for RT and primer

SCSMaV-5GSP1 (56GG CCC TTA AAT TCG CTC CAG ATT GG 3 was used with the

Anchored Abridged Primer (Gibco BRL Life Technologies) for the PCR as described above.
3 RACE used an anchored oligo-dT primer (UN+gT5 GCC GGA GCT CTG CAG

AAT TC (T)15 3) to prime RT and the PCR was done with primers SCSMaV-3RACE

(5 AGC TTT TCT TTA TAT CTA CCC CCT GTT CAA 3) and UN, as described above.

Cloning and sequencing

PCR products were cloned into pPGEM-T Easy (Promega), transformed by heat shock into sub-
cloning efficiencyEscherichia colDH5« cells (Gibco BRL Life Technologies) and positive
colonies selected. Recombinant plasmids were purified (JetQuick Plasmid purification kit,
Astral Scientific), and the inserts representing multiple overlapping cDNA clones were se-
guenced in both orientations. The sequences were edited using SeqEd (Version 1.0.3, Applied
Biosystems) and the positions of segments identified.

The genome organisation was determined using Frames 2.3 and the linked Blast searching
facility (http://www.nih.go.jp/~jun/cgi-bin/frameplot.pl) [17]. Other programs were accessed
through the webANGIS GCG interface (http://www.angis.org.au). GenBank and GenPept
databases were searched for similarities using the Fasta and Blast programs. EclustalW was
used to do multiple sequence alignments, and individual sequence/protein comparisons were
done using the Gap program. Putative protein sequences from the open reading frames (ORFs)
were analysed for their composition using Pepstats, and for protein motifs using the PROSITE
protein motif dictionary through the webANGIS program Motif. Hydropathy plots were done
by the method of Kyte and Doolittle [20] with the Pepwindow program.

Phylogenetic analyses

Phylogenetic analysis programs were accessed through the webANGIS interface. Multi-
ple sequence alignments produced by EclustalW were resampled by bootstrapping using
eSeqgboot with 1000 bootstraps. The bootstrapped alignment was then used in four algorithms
to produce phylogenetic trees. The neighbor-joining tree was constructed by producing a dis-
tance matrix with Ednadist (Kimura 2-Parameter with a Transition/Transversion ratio of 2.0),
and interpreting it with Eneighbor. The distance matrix was also used in a Fitch algorithm with
global rearrangements, and a Kitsch algorithm. Maximum parsimony trees were constructed
with Ednapars for nucleotide sequence data and Eprotpars for protein data. A consensus tree
was constructed for each of the four methods by interpreting the output files using Econsense.

The full nucleotide sequence of SCSMaV RNA has the GenBank accession number
AF315308.

Results and discussion
SCSMaV-RNA

The SCSMaV genome comprised 8146 nucleotides and is polyadenylated at the
3 terminus. Modification of the’Serminus was not studied. Five potential ORFs
were identified as shown in Fig. 1.
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Fig. 1. Genome organisation of SCSMaV showing the five potential open reading frames
and the proposed function and size of their translation products

SCSMaV ORFs

ORF 1 (nt 73-5886) encoded a protein of 1937 amino acids (aa) with a predicted
M, of 221000 and had an overall aa sequence identity of up to 35% with RNA

dependent RNA polymerases (RdRP) of viruses in 6 genera. Alignment of the
C-terminal aa sequence of the ORF 1 protein and the RdRP of viruses with the
closest aa sequence similarity identified motifs [19] representing the nucleotide
triphosphate binding site at SCSMaV ORF 1 aa positions 1121-1139 and the GDD
at 1808-1810 (Fig. 2). As these motifs are characteristic of RNA polymerases
[19] it was concluded that ORF 1 encodes the RARP.

ORF 2 (nt 5919-6539) encoded a protein of 206 aa with a predictedf M
23000 and aa sequence identity of up to 50% with the ORF 2 protein of members
of the generaCarlavirus FoveavirusandPotexvirus which encodes part of the
triple gene block. An ATP/GTP binding site motif was identified at aa position
28, which supports the conclusion that ORF 2 encodes a helicase and is one of
the triple gene block proteins.

NTP-Binding Motif GDD
SoaMav : 1139 SCSMaV : 1813
CQERMV s 1227 CGRMV : 1893
RSPV : 1386  ASFV : 2058
RSPav : 1368 RSPaV : 2041
BlSV s 1177 BlsvV : 1845
M : 1178 M : 1846
Shvx s 927 Shivi : 1510
PVX : 747 X : 1333
ACTSV : 1074 ACTSV 171733
A : B30 A : 1514

Fig. 2. Alignment of part of the RNA dependent RNA polymerases (ORF 1 protein prod-
uct) from SCSMaV, Cherry green ring mottle foveavirus (tentative; CGRMYple stem

pitting foveavirugASPV), Rupestris stem pitting associated foveavi@SPaV) Blueberry

scorch carlavirugBISV), Potato carlavirus MPVM), Shallot allexivirus XShVX), Potato
potexvirus XPVX), Apple chlorotic leaf spot trichoviruACLSV) andCherry capillovirus

A (CCA). The ATP/GTP binding motif and GDD motif are indicated above the consensus
aa sequence. The numbers indicate the aa position at the C terminal end of the sequence

illustrated. Accession numbers of aa sequences are shown in the legend for Fig. 3
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Analysis of the ORF 3 sequence revealed two possible start codons (nt 6552 or
6576) with a stop codon at nt 6914. Database comparisons showed that this region
had aa sequence identity of up to 35% with the ORF 3 protein of members of the
generaPotexvirusand Carlavirus and the putative movement protein encoding
ORF of members of the gendsichovirus Hydropathy plots for the putative
ORF 3 proteins translated from the first and second start codons were similar,
except for the absence of a hydrophilic leader sequence of the SCSMaV protein
translated from the first ORF (data not shown). Comparison with ORF 3 proteins of
ASPV, BaMV and CsCMV showed the presence of a hydrophilic leader sequence,
thereforeitis likely that the start codon for ORF 3 is at nt 6576, encoding a protein
of M, 12600 which is part of the proposed triple gene block and is probably a
membrane-spanning protein [25].

ORF 4 (nt 6902—7105) encoded a protein of 67 aa with a predictexf K00
that has aa sequence identity of up to 30% with the ORF 4 protein of members
of the generdotexvirus Carlavirus and Foveavirus Hydropathy plots for the
Helenium carlavirusS (HVS) ORF 4 protein, which encodes part of the triple
gene block, and the SCSMaV putative ORF 4 protein were similar (data not
shown). The SCSMaV ORF 4 protein is therefore likely to represent part of
the proposed triple gene block and have a possible membrane-spanning function
similar to that of the ORF 3 protein [25].

Sequence similarities suggest that ORFs 2, 3, and 4 comprise the TGB encod-
ing movement proteins, as found in members of the gdPaexvirusCarlavirus,
Foveavirus HordeivirusandBenyvirus The TGB of these genera encodes three
proteins: a helicase that is a member of a distinct group within superfamily |
of DNA and RNA helicases; and two small membrane spanning proteins [25].
The TGB of SCSMaV is therefore predicted to encode a helicase (ORF 2) and
membrane spanning proteins (ORFs 3 and 4).

ORF 5 (nt 7102—7734) encoded a protein of 210 aa with a predictedfM
23000 and aa sequence identity of up to 35% with the coat proteins of members of
the gener&oveavirusandPotexvirus ThePotexvirusandCarlaviruscoat protein
signature occurs inthe ORF 5 protein sequence ataa position 169-194. This region
probably maintains correct tertiary structure within the native molecule through
interactions between the viral RNA and coat protein [3, 21].

The 5 and 3 non-coding regions

The B untranslated region (& TR) comprised 72 nucleotides and does not have
significant nucleotide similarity to other plant viruses. Its size is between that of
ASPV (52nt) [18] and CGRMV (102nt) [32]. The TR is reported to have
elements conserved among members of the ge@Garkavirus and Potexvirus
[31, 32], but these elements are not present in SCSMaV. This suggests that
SCSMaV is not a member of either of these two groups.

The 3 untranslated region (3JTR) comprises 312 nucleotides and has ca
31% nucleotide sequence similarity wifowpea mosaiandRed clover mottle
comovirusedbut no significant similarity to rod-shaped plus sense ssSRNA viruses.
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Potexvirus

Potexvirus A G Capillovirus

Vitivirus
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Fig. 3. Phylogenetic trees o& full nucleotide sequence produced by the Neighbor-joining
algorithm; b RARP protein sequence produced by the Neighbor-joining algorith@P
protein sequence produced by the Kitsch algorithm. Groups are shown in the diagrams. Virus
genera, acronyms and GenBank accession numbers are as fdlloglassified Sugarcane
striate mosaic associated virus (SCSMal)veavirus Apple stem pitting virugASPYV,
D21829);Pear vein yellows virugPVYV, D21828);Rupestris stem pitting associated virus
(RSPaV, AF057136/AF026278)pricot latent virug ApLV, AF057035), Cherry green ring
mottle virus (CGRMV, AF017780).Carlavirus: Grapevine latent viru¢GCLV, Z68502);
Blueberry scorch virugBISV, L25658);Potato virus M(PVM, D14449/D00515/X53062);
Potato virus SPVS, Y15617),Chrysanthemum virus BCVB, S60150)Helenium virus S
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A polyadenylation signal (AAUAAA) [26] was found at nucleotide position
8071-8076, 76 ntupstream from the polyA tail. The presence of a polyadenylation
signal is not a consistent feature of viruses in the same genus, as it is present in
some members of the genBestexvirus(eg. CYMV) [1] but absent from others

(eg PVX) [16, 24]. When the polyadenylation signal is present, it has been noted
that it is further from the polyA tail than for eukaryotic mRNASs [2, 3, 26]. This

is consistent with the finding for SCSMaV where the polyadenylation signal was
located 76 nt from the polyA tail. A hexanucleotide motif (ACUUAA) which

is conserved between members of the geRetaxvirusandCarlavirus[5] and

which has a suggested role in the synthesis of viral RNA [29] was not found in
SCSMaV. These differences provide further evidence that SCSMaV is not closely
related to viruses in either of these genera. TRER of theFoveavirusCGRMV

has a polyadenylation signal at nucleotide positions 8292-8298 and a hexanu-
cleotide motif located immediately adjacent at nucleotide positions 8299-8304
[32], whereas the’3JTR of ASPV and RSPaV had neither the polyadenylation
signal nor the hexanucleotide motif [18, 23]. Therefore the presence or absence
of these motifs may not be useful to distinguish members of the ge@weavirus

from other genera.

Phylogenetic and taxonomic analysis
using the full nucleotide sequence

The full length sequences of 15 rod-shaped positive sense single stranded RNA
viruses and SCSMaV was used to create Neighbor-joining phylogenetic trees

(Fig. 3a). Viruses clustered in their generic groups and SCSMaV (5 ORFs) was

placed between members of the gerfeyaeavirusandCarlavirus.

<
Fig. 3 (continued). (HelVS, D10454/D01119);Cowpea mild mottle virugCPMMV,
AF024629)Shallot latent virugSLV, AB004456) Carnation latent virugCalLV, AJ010697);
Potexvirus Strawberry mild yellow-edge associated vif&MYEaV, D12517/D01227);
White clover mosaic virugWCIMV, X16636); Cymbidium mosaic virugCymMyV,
AF016914); Potato aucuba mosaic virugPAMYV, S73580); Potato virus X (PVX,
X55802/X88782);Lily virus X (LVX, X15342); Clover yellow mosaic virugCIYMV,
D00485); Alternanthera virus (AltMV, AF080448); Papaya mosaic virus(PapMV,
D13957/D00580)Cassava common mosaic VifiidssCMV, U23414)Plantago asiatica mo-
saic virus(PIAMV, 221647).Allexiviruses Garlic virus A (GarV-A, AB010300/D11157);
Garlic virus B (GarV-B, U89243);Garlic virus C (GarV-C, AB010302/D11159)Shal-
lot virus X (ShVX, M97264). Capillovirus. Cherry capillovirus A (CCA, X82547);
Citrus tatter leaf virus(CTLV, D16681/D16368);Apple stem grooving VirugASGYV,
D14995/S47260).Trichovirus: Potato virus T (PVT, D10172); Apple chlorotic leaf
spot virus (ACLSV, M51852/M31714/X99752).Vitivirus: Grapevine virus A(GVA,
X75433); Grapevine virus B(GVB, X75448/X75896).*Indicates tentative member
of genus
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Phylogenetic and taxonomic analysis using amino acid sequences

Phylogenetic analysis from RdRP aa sequences showed clustering of most of
the genera, with the exception of the members of the g@&nakoviruswhich

were in different clades and members of the geraxgeavirusn which CGRMV

was separated from ASPV and RSPaV (Fig. 3b). SCSMaV was located between
CGRMV and other members of the gerfitsreavirus and did not cluster within

the Foveavirusclade.

Analyses using Maximum Parsimony, Neighbor-Joining and Fitch algorithms
of the putative coat protein of SCSMaV (ORF 5 translation product) did not clus-
ter members of the same genera, and were not used to classify SCSMaV. Kitsch
analysis clustered members of the gerfewgexvirusandCarlavirus with mem-
bers of the genuSoveavirugn between (Fig. 3c). SCSMaV was again positioned
between members of th®veavirusandCarlavirus as in Fig. 3a and 3b.

Phylogenetic trees of ORF 2, 3, 4 did not show clustering of viruses into
generic groups and therefore were not used to classify SCSMaV. The classification
of movement proteins based on their aa sequence has been shown not to be
correlated with the type of genomic nucleic acid, or with groupings based on
replicase or host range [25].

Conclusion

SCSMaV has a plus sense single stranded RNA genome consisting of 8146 nu-
cleotides which is polyadenylated at theeBd and has 5 potential ORFs. ORF

1 is predicted to encode the RNA dependent RNA polymerase, ORFs 2, 3,4 are
predicted to comprise the triple gene block encoding movement function proteins,

and ORF 5 is predicted to encode the coat protein.

Analysis of the full nucleotide sequence and putative CP and RdRP phylo-
genetic trees suggest that SCSMaV is closely related to members of the genera
Foveavirusand Carlavirus The proposed genome organisation of 5 ORFs ex-
cludes SCSMaV from the genuZarlavirus, which has 6 ORFs. SCSMaV is
most closely related to members of the gehogeavirusand by genome proper-
ties most closely resembles CGRMYV [32]. Nevertheless, SCSMaV differs from
members of this genus in that it has a significantly smaller CP (Table 1), and
a polyadenylation signal without a hexanucleotide motif in ther8ranslated
region.

Other criteria also show that SCSMaV is not a member of the genus
Foveavirus(Table 1). For example, particle morphology clearly distinguishes
SCSMaV from CGRMV and whereas members of the gelrmgeavirusin-
fect woody dicotyledonous hosts such as apple (ASPV), pear (PYVY), cherry
(CGRMV) and grapevine (GRSPaV) and cause pitting in the stems, SCSMaV is
only known to infect the monocotyledon sugarcane, is apparently soil-borne and
causes a striated mosaic on the leaves [4, 7, 14, 15].

We conclude that although SCSMaV is most similar to the members of the
genugroveavirusit differs from them on genomic, morphological and biological
criteria and may represent a new plant virus taxon.



1449

Sequence and genome organisation of SCSMaV

€ '81 10§ puado[ ay) ur punoj oq ued swAuoIY ‘[z¢ ‘0¢ls [TTlp (8T ‘11 01 ‘91, “[¥lq <[8 “Lle

wu 9—¢
X wu(00c-0001 (GAINIDD)
+/- padeys-poi SNITABOAO]
Sunyeis 100y MOLIBN AISA SNONXapy ‘uIy[, - o€ L Al SZ ) é SATIRIUIT,
wu g X Wu 08
+/- padeys-por (AdSVY)
uonededorg MOIIRU ATOA SNONXSY AIoA - vt L €1 €T LYT  pSMA1aD2a0q
wugT—11
X wu(OgL—60S
Pa9s ‘101094 +/+ padeys-po1 (WAd)
ue1)dIway ‘[eoIURYISIA 9pIM  snonxay 1o ySrensg 11 yE L rdl o €22 SSNIIAR[IR))
wuer-11
(AWVD XWUCLI-CY
101994 ueraydruuoy +/+ padeys-poix (XAd)
B )IM QUO ‘[BOTUBYOISA I snonxay Jo ySrensg - 12 ¥ €1 9Z Ll SSNAIAXI10g
U GT X WU 056
—/+ padeys-pos (ABINSDS)
quonegdedoid ‘suroq-frog £S0y umouy | snonxagy ApYSIS - €C L €1 €T 122 poyissepoun
(3onpoxd IO
(you Sunuosaxdar
1021(J/OUON SonsuRldRIRyYd -elv) (d» (go1) (o) (oL (JIPd) Taquiaw)
peaxds jo apoy :a3uey 150H wwA 9440 STI0 PAIO €4I0 TAIO 1440 snuad smuip

ANNRIDD $n414p240, SnUS3 9y} JO IDQUISW SATIRIUL] 9} PUe ‘BIOUAT poje[al AJOSO[d 1SOUI 9y} UI SOSTUIIA YIIm ABINSIS JO
soruadoid [eo180701q Po1d9[as pue SoNSLISIoRIRYD UOLIA ‘(B(Y) s1onpoid uonesuen swrely Surpear uado jo sazis oy} jo uosuedwod v °f d[qeL



1450 N. Thompson and J. W. Randles

Acknowledgments

The authors gratefully acknowledge Dr. Y-G. Choi for introduction of N.T. to the topic; Dr. M.

A. Rezaian for advice and helpful discussions; Mr. B. Croft for provision of material and
helpful discussions; Dr. J. Thomas, Mr. M. Sharman and Ms. C. Gambley for supplying the
PXCP primer. This project was supported by an APA (Industry) scholarship jointly funded
by the Australian Research Council and the Bureau of Sugar Experiment Stations (BSES),
Queensland.

10.

11.

12.

13.

14.

15.
16.

17.

18.

References

. AbouHaidar MG (1983) The structure of theahid 3 ends of clover yellow mosaic virus

RNA. Can J Microbiol 29: 151-156

. AbouHaidar MG (1988) Nucleotide sequence of the capsid protein gene’ auuh-3

coding region of papaya mosaic virus RNA. J Gen Virol 69: 219-226

. AbouHaidar MG, Lai R (1989) Nucleotide sequence of theeBninal region of clover

yellow mosaic virus RNA. J Gen Virol 70: 1871-1875

. Anonymous (1985) Annual Report. Bureau of Sugar Experiment Stations, Indooroopilly,

Australia

. Bancroft JB, Rouleau M, Johnston R, Prims L, Mackie GA (1991) The entire nucleotide

sequence of foxtail mosaic virus RNA. J Gen Virol 72: 2173-2181

. Brunt AA, Crabtree K, Dallwitz MJ, Gibbs AJ, Watson L, Zurcher EJ (1996 onwards)

Plant Viruses Online: Descriptions and Lists from the VIDE Database, vol 1997

. Choi YG (1997) The etiology of sugarcane striate mosaic disease. PhD Thesis, Adelaide

University

. Choi YG, Croft BJ, Randles JW (1999) Identification of sugarcane striate mosaic-

associated virus by partial characterization of its double-stranded RNA. Phytopathology
89: 877-883

. Choi YG, Randles JW (1997) Microgranular cellulose improves dsRNA recovery from

plant nucleic acid extracts. BioTechniques 23: 610-611

Dallwitz MJ (1980) A general system for coding taxonomic descriptions. Taxon 29:
41-46

Dallwitz MJ, Paine TA, Zurcher EJ (1993) User’s Guide to the DELTA System: a general
system for processing taxonomic descriptions, 4th ed. CSIRO Division of Entomology,
Canberra

Fazeli CF, Rezaian MA (2000) Nucleotide sequence and organisation of ten open reading
frames in the genome of grapevine leafroll-associated virus 1 and identification of three
subgenomic RNAs. J Gen Virol 81: 605-615

Froussard P (1992) A random-PCR method (rPCR) to construct whole cDNA library
from low amounts of RNA. Nucleic Acids Res 20(11): 2900

Hughes CG (1961) Striate Mosaic: a new disease of sugarcane. Nature 190: 366—-367
Hughes CG (1961) Striate Mosaic: a new disease of sugarcane. Int Sugar J 63: 298—299
Huisman MJ, Linthorst HIM, Bol JF, Cornelissen BJC (1988) The complete nucleotide
sequence of potato virus X and its homologies at the amino acid level with various
plus-stranded RNA viruses. J Gen Virol 69: 1789-1798

Ishikawa J, Hotta K (1999) FramePIlot: a new implementation of the Frame analysis for
predicting protein-coding regions in bacterial DNA with a hightGC content. FEMS
Microbiol Lett 174: 251-253

Jelkmann W (1994) Nucleotide sequences of apple stem pitting virus and of the coat
protein gene of a similar virus from pear associated with vein yellows disease and their
relationship with potex- and carlaviruses. J Gen Virol 75: 1535-1542



19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Sequence and genome organisation of SCSMaV 1451

Koonin EV (1991) The phylogeny of RNA-dependent RNA polymerases of positive
strand RNA viruses. J Gen Virol 72: 2196-2206

Kyte J, Doolittle RF (1982) A simple method for displaying the hydropathic character
of a protein. J Mol Biol 157: 105-132

Mackenzie DJ, Tremaine JH, Stace-Smith R (1989) Organization and interviral homo-
logies of the 3terminal portion of potato virus S RNA. J Gen Virol 70: 1053-1063
Martelli GP, Jelkmann W (199&oveairus, a new plant virus genus. Arch Virol 143:
1245-1249

Meng B, Pang S, Forsline PL, McFerson JR, Gonsalves D (1998) Nucleotide sequence
and genome structure of grapevine rupestris stem pitting associated virus-1 reveal simi-
larities to apple stem pitting virus. J Gen Virol 79: 2059—-2069

Morozov SY, Lukasheva LI, Chernow BK, Prasalov VS, Kozlov YV, Atabekov JG,
Skryabin KG (1983) The analysis of the primary structure and localization of the coat
protein gene on the genomic RNA of potato virus X. Dokl Akad Nauk SSSR 271:
211-215

Mushegian AR, Koonin EV (1993) Cell-to-cell movement of plant viruses: insights from
amino acid sequence comparisons of movement proteins and from analogies with cellular
transport systems. Arch Virol 133: 239-257

Nevins JR (1983) The pathway of eukaryotic mMRNA formation. Ann Rev Biochem 52:
441-466

Robertson NL, French R, Gray SM (1991) Use of group-specific primers and the poly-
merase chain reaction for the detection and identification of luteoviruses. J Gen Virol
72:1473-1477

Van Regenmortel MHV, Fauquet CM, Bishop DHL, Carstens EB, Estes MK, Lemon
SM, McGeoch DJ, Maniloff J, Mayo MA, Pringle CR, Wickner RB (eds) (2000)
Virus Taxonomy. Classification and Nomenclature of Viruses. Seventh ICTV Report.
Academic Press, San Diego

White KA, Bancroft JB, Mackie GA (1992) Mutagenesis of a hexanucleotide sequence
conserved in potexvirus RNAs. Virology 189: 817-820

Zagula KR, Aref NM, Ramsdell DC (1989) Purification, serology and some properties
of a mechanically transmissible virus associated with green ring mottle disease in peach
and cherry. Phytopathology 79: 451-456

Zavriev SK, Kanyuka KV, Levay KE (1991) The genome organisation of potato virus M
RNA. J Gen Virol 72: 9-14

Zhang Y-P, Kirkpatrick BC, Smart CD, Uyemoto JK (1998) cDNA cloning and molecular
characterization of cherry green ring mottle virus. J Gen Virol 79: 2275-2281

Author’s address: Dr. N. Thompson, Department of Applied and Molecular Ecology,

Adelaide University, Waite Campus, PMB 1 Glen Osmond, South Australia 5064, Australia;
e-mail: nthompson@waite.adelaide.edu.au

Received January 30, 2001



