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Summary. A cDNA library was generated from purified RNA of sugarcane streak
mosaic virus — Andhra Pradesh (SCSMV-AP). Two overlapping clones covering
3160 nucleotides encoding partial Cl, complete 6K2, VPg-Nla and NIb genes
were sequenced. A comparison of this sequence along witH teeninal 1315
nucleotides of SCSMV-AP determined earlier with the other members of the
family Potyviridaeindicated that it had only 30% identity at the amino acid level for
the partial polyprotein open reading frame (ORF) with the membémoafovirus
andTritimovirusgenera. Further, in the most conserved NIb region also there was
only 40% identity with the type members of these genera. Based on this analysis,
we suggest the taxonomic affiliation of SCSMV-AP into an undescribed new genus
in the family Potyviridae.

*

SCSMV-AP, the pathogen causing mosaic disease of sugarcane in India was
recently characterized [16]. Incidence of mosaic disease is almost 100% on sugar-
cane and considering the vast area under sugarcane cultivation, it results in signifi-
cantyieldlosses|[1, 19]. SCSMV-AP is a flexuous filamentous virus {898 nm)

with monopartite sSRNA genome of approximate size 10 kb, encapsidated by
coat protein subunits of M40 kDa [16]. The virus induces pinwheel and lam-
inated aggregate type of inclusions that are characteristic feature of members
of the family Potyviridae [18]. It is transmitted through vegetative propagules

*The nucleotide sequence reported in this paper has been updated in GenBank and the
accession number is Y17738.
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(setts) under natural conditions. However, the vector for SCSMV-AP is yet to be
identified. Natural infection of SCSMV-AP is confined to sugarcane alone and it
infects sorghum under experimental conditions, but not any other tested Poaceous
members including wheali(ticum aestivumL.) [17, 18].

The Potyviridae is the largest family among plant viruses, whose members
have positive-sense single-stranded RNA genomes, encoding a large polypro-
tein which gets proteolytically processed into functional proteins including P1,
HC-Pro, P3, 6KI, Cl, 6K2, VPg-NIa, NIb and coat protein (CP) [24]. Initially,
the family was organized into four gener@ofyvirus, Bymovirus, Rymovirus,
andIpomovirus) on the basis of coat protein sequence comparisons and vector
taxa [31]. Later, from an analysis of-Berminal sequences of aphid transmitted
Narcissus latent virus and Maclura mosaic virus, which shared limited sequence
identity with the members of geni®tyvirus, these viruses were included into
a new genud/acluravirus [4]. Earlier, WSMV and BrSMV were classified with
rymoviruses. However, since the two viruses shared less than 40% identity with
rymoviruses and were transmitted by a different mite spedesri@ tulipae),
they were separated into a new geflugimovirus[27, 32, 21, 35]. The increasing
availability of potyvirus sequence data presents new opportunities for comparisons
that may reveal insights about the phylogeny and evolution of this important family
of viruses. An accurate phylogenetic framework is an essential component of cor-
rect nomenclature and comparative understanding of the etiology, epidemiology,
evolution and speciation of these viruses.

In most instances, coat protein anduBtranslated region (UTR) sequences
can readily establish the taxonomic status of a particular virus in the family
Potyviridae[9, 3, 14]. Previous studies on molecular characterization of SCSMV-
AP showed that the deduced coat protein sequence has 93.6% identity and 3
UTR has 94.3% identity with SCSMV-PAK [16, 15]. SCSMV-AP was therefore
considered a strain of SCSMV-PAK which was earlier proposed as a tentative

Table 1. Percent identity of the partial ORF (C terminal 1420 amino acids) of
SCSMV-AP with other members of the famiBptyviridae

Virus % Identity Accession number
SCSMV-AP 100 Y17738 and this study
SCSMV-PAK 92 U75456

BrsMv 29 Z48506

WSMV 29 AF057533
SPMMV 30 773124

RGMV 20 Y09854

BaYMV 20 NC_002990
MacMV 21 us58771

PVY 25 NC.001616

SCMV 24 NC003398

SrMV-SCl 23 U57359
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member of the genuRitimovirus as it shared limited+{ 30%) sequence identity

with definitive members of this genus [16, 15]. Among the potyviruses, the
most variable gene product is P1, followed by P3 and the most conserved gene
product is NIb, the RNA dependent RNA polymerase [2]. So sequencing of NIb
gene of SCSMV-AP could reveal its correct taxonomic position in the family
Potyviridae. In this report, we present additional sequence of SCSMV-AP and
utilize phylogenetic analysis to ascertain taxonomic placement of SCSMV.

SCSMV-AP was collected from commercial sugarcane with mosaic disease
in Chittoor District of Andhra Pradesh (A.P.), India and propagate8anghum
bicolor cv. Rio plants by periodic sap inoculation. SCSMV-AP was purified from
infected sorghum leaves [16] and RNA was isolated as described by Zaitlin
(1979) [38]. Virus specific oligonucleotide primer CD1GIGTAGGCACTGGG
TCAATCCTCA 3) was designed based on the available sequence information of
SCSMV-AP [18]. First strand complementary DNA was synthesized by reverse
transcription with viral RNA as template and CD1 as primer using SuperScript Il
Reverse Transcriptase (GIBCO-BRL) as per the manufacturer’s instructions. Sec-
ond strand cDNA was then produced by RNase H/DNA polymerase method [13].
The cDNA was fractionated on a Sephacryl S-1000 column (Sigma) and ligated
to Hincll cut pUC 19. Cloned cDNA was transformed into competéntoli
DH5 a cells. Recombinant clones were screened by blue/white selection followed
by colony hybridization using first strand cDNA as probe [29, 12]. Recombinant
plasmids were isolated by alkaline lysis method [29] and analysed by restric-
tion digestion. Two overlapping cDNA clones harboring 2.5 kb and 3 kb inserts
(pSCSMV 32 and 57) were sequenced by following Sanger’s dideoxynucleotide
chain termination method [30] using ABI Prism automated DNA sequenator.
Computer analysis of sequence data and compilation of amino acid sequences was
performed using GCG set of programs (Genetics Computer Group, Wisconsin).
Multiple alignments of the amino acid sequence data using pairwise distance
measurements were carried out by CLUSTAL W [34]. Neighbor-joining trees [26]
were generated from CLUSTAL W output using MEGA2 program [33].

The complete nucleotide sequence of the aligned cDNA clones revealed one
large open reading frame (ORF) of 3160 nucleotides. This sequence was compiled
with 3’ terminal 1315 nt sequence determined earlier [18] and the total deduced
amino acid sequence of the partial ORF (1420 amino acids) was aligned with
the corresponding sequences of selected membdpstpiiridae (Table 1). As
apparent from Table 1, SCSMV-AP and SCSMV-PAK (whose partial sequence
of 650 amino acids only is available) did not show more than 30% identity with

<
Fig. 1. Multiple alignment of the deduced amino acid sequence of the NIb region of SCSMV-
AP with other selective members of famiBotyviridae. Sequences were aligned using
CLUSTAL W program [34]. Shading was performed by the BOXSHADE program (ISRC
Bioinformatics Group). Black boxes indicate residues that are identical. Asterisks indicate
perfect matches within all sequences. The gaps introduced to optimize the sequence alignment
are represented by dashes
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any of the members of the famiRotyviridae suggesting that these two viruses
might belong to a distinct genus in the family. Based on amino acid sequence of
coat protein of SCSMV-AP determined by us earlier, we have predicted a novel
cleavage motif HATVD/G between NIb and CP [16]. Using this motif as a probe
and the expected size of NIb to be 60 kDa, the cleavage motif between Nla/NIb
was identified to be NLTIQ/G. Itis interesting to note that these cleavage sites are
not preceded by the conserved amino acids VXH observed in most of the members
of the family Potyviridae [31]. Analysis of the derived amino acid sequence of
NIb gene revealed the presence of the consensus motif GNNSGQPSTVVDNTLM
and NGDDL which are characteristic of RNA dependent RNA polymerases of
positive-strand RNA viruses [8, 20, 22].

The NlIb region is the most conserved part of the genome in all the members
of the Potyviridae. Hence a more detailed analysis was carried for this region.
Alignment of the deduced amino acid sequences of NIb region of SCSMV-AP
with other members is presented in Fig. 1. The viruses which were taken for
comparison included at least one representative member from each genus in
the family Potyviridae namely brome streak mosaic tritimovirus (BrSMV) [11],
wheat streak mosaic tritimovirus (WSMV) [32], sweet potato mild mottle ipo-
movirus (SPMMV) [7], ryegrass mosaic rymovirus (RGMV) [10], barley yellow
mosaic bymovirus (BaYMV) [6], maclura mosaic macluravirus (MacMV) [4],
potato virus Y potyvirus (PVY) [25] and two potyviruses infecting sugarcane
naturally viz. sugarcane mosaic potyvirus (SCMV) [5] and sorghum mosaic po-
tyvirus (SrMV-SCI) [37] along with SCSMV-AP [17 and this study] and SCSMV-
PAK [15]. Percentage sequence identity determined for SCSMV-AP with other
members of the family at CP and Nlb regions is presented in Table 2. In conformity
with the earlier observations, SCSMV-AP and SCSMV-PAK showed maximum
sequence identity of approximately 30% at CP region with WSMV and BrSMV,
which are definitive members of the gefludimovirus. In the most conserved Nib
region SCSMV showed only 41% and 39% identity with BrSMV and WSMYV, re-
spectively. Interestingly, it also showed 40% identity with SPMMV, a sole member
of Ipomovirus, thus casting doubts on the earlier proposition that SCSMV-AP and
SCSMV-PAK could belong to genusitimovirus. This was substantiated by the
phylogenetic analysis and neighbor-joining trees generated from the CP and NIb of
SCSMV-AP and those of selected members oRbigviridae (Fig. 2). According
to this phylogram, SCSMV-AP and SCSMV-PAK cluster not only with WSMV,
BrSMV but also with SPMMV, therefore these two viruses probably belong to
a new genus unrelated to these genera (Fig. 2). In general, strains of viruses
have sequence identities85%, members within genera have sequence identities
> 55%. It is therefore suggested that SCSMV-AP does not belong to any of the
described genera in the famiPptyviridae. Recently Rabenstein et al. (2002) [23]
have reported the phylogenetic relationships, strain diversity and biogeography of
tritimoviruses. Their analysis also suggests that SCSMV is not a tritimovirus
and may represent a new genus within the fankbgyviridae. Further, their
analysis showed that Oat necrotic mottle virus (ONMV) is a definitive member
of tritimovirus and it is not a rymovirus.
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Fig. 2. Neighbor-joining relationship dendrograms illustrating the taxonomic position of
SCSMV-AP among the members of the fanfiigtyviridae. The trees were constructed using
MEGAZ2 program [33] from multiple sequence alignment®)fCP and b) NIb obtained using
CLUSTAL W [34]. Horizontal scale indicates sequence divergence with pairwise distance
scores, vertical scale is arbitrary. The dataset was subjected to 100 bootstrap
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In the past, the vector based taxonomy offtbyviridae was thought to corre-
late well with sequence data and phylogenetic analysis [36]. However, questions
have previously been raised concerning how these viruses are distinguished at
the genus level [39]. Recent sequence data of several mite transmitted members
of the Rymovirus genus indicated that they show significant sequence similar-
ities with aphid transmitted potyviruses and have conserved motifs common
to potyviruses [28]. Similarly whitefly transmitted SPMMV, the type member
of Ipomovirus genus was shown to have similarity with mite transmitted trit-
imoviruses [7]. Aphid transmitted macluraviruses also showed similar behavior
with bymoviruses [4]. Thus species within a genus could be vectored by the
same taxa. However, vector taxa alone is not sufficient to classify a species into a
genus.

The sequence analysis of SCSMV-AP presented in this paper clearly shows
that it could belong to an undescribed new genus whose natural occurrence is
confined to sugarcane alone and natural perpetuation is through setts. Further,
sequence information on this virus and identification of the natural vector may
reveal its relation with other genera, as of now it appears to be a member of a new
undescribed genus in the famiPptyviridae.
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