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Sugarcane mosaic virus (SCMV) is one of the causal pathogens of mosaic diseases on sugarcane, maize,
sorghum and some other graminaceous species with worldwide distribution. The global genetic diver-
sity and molecular evolution of SCMV capsid protein (CP) gene were investigated with the nucleotide
sequences available in the GenBank database. Phylogenetic analyses revealed that SCMV isolates clus-

tered in relation to their original hosts, and geographically distinct isolates from maize or sugarcane
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clustered differently. The populations between maize and sugarcane showed frequent gene flows; but
within maize or sugarcane geography distinct isolates had infrequent gene flow. Recombination existed
in the region of CP cistron and 3’-untranslated region (UTR). Most of the codons in the CP gene were under
negative selection or neutral evolution except for codons 27 and 48, which were under positive selec-

tion. This study provided systematic analyses of the evolutionary processes contributing to the observed
diversification of SCMV populations.

© 2012 Elsevier B.V. All rights reserved.

RNA viruses have high mutation rates due to the error-prone
replication attributed to the absence of proofreading activity in
RNA-dependent RNA polymerases, short generation time and large
population size (Domingo and Holland, 1997). RNA recombination
between related or distantly related viruses, and even with host
RNAs has been proposed to be one of the important evolutionary
forces shaping genome evolution and divergence of plant RNA virus
(Sztuba-Solifska et al., 2011). Therefore, plant RNA viruses exhibit
high potential of genetic variation and diversity. The high level of
genetic diversity enabled plant RNA virus to adapt to the chang-
ing environment including new or resistant hosts (Holmes, 2009).
The knowledge of variability of genetic structure and diversity of
the plant virus population is indispensable for the understanding
of plant virus evolution and virus-plant interactions, in addition
to developing durable strategies for the control of virus-induced
diseases in plants (Garcia-Arenal et al., 2001).

Sugarcane mosaic virus (SCMV) of the genus Potyvirus in the
family Potyviridae is one of the causal pathogens of mosaic dis-
eases in sugarcane, maize, sorghum and some other graminaceous
species with worldwide distribution (Alegria et al., 2003; Achon
et al,, 2007) and causes great losses to crop yields. Once infected
at an early stage of development, host plants would display symp-
toms of mosaic combined with chlorosis and dwarfism. Potyviruses
have flexuous filamentous particles which contain a monopartite
genome, a single-stranded positive-sense RNA of approxi-
mately 10,000 nucleotides that is covalently linked to a virus
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genome-linked protein at its 5'-terminus and polyadenylated at
its 3’-end (Revers et al., 1999). The genome encodes a single
large polyprotein and a truncated frameshift product (Chung et al.,
2008), which are proteolytically processed by three self-encoded
proteases (Urcuqui-Inchima et al., 2001). The viral coat protein
(CP) is multifunctional and involved in cell-to-cell and systemic
movement, the regulation of viral RNA amplification (Urcuqui-
Inchima et al., 2001), encapsidation of the RNA, vector transmission
(Urcuqui-Inchima et al., 2001; Shukla et al., 1991), and perhaps host
specificity (Shukla et al.,, 1991). The non-persistent transmission
by aphids of potyvirus is the result of an interaction between the
stylet of the aphid, the helper component protein (HC-Pro), and the
conserved DAG (Asp-Ala-Gly) region of the CP (Pirone and Blanc,
1996). The highly variable N-terminus region of the CP is exposed
on the surface and is thought to contain major virus-specific epi-
topes (Shukla et al., 1988). The core region and C-terminus are more
conserved, although the last few amino acids of the C-terminus may
be exposed on the viral surface (Shukla et al., 1988). CP sequences
have been studied extensively to assess the difference within a
potyvirus and between potyvirus species (Urcuqui-Inchima et al.,
2001).

Numerous studies have been performed in recent decades on
SCMV biology, genome characterization and sequence diversity
(Alegria et al., 2003; Achon et al., 2007; Gao et al., 2011; Wang
et al., 2010), but systematic research for SCMV genetic structure
and diversity has been relatively scarce compared with other well-
documented potyviruses including Turnip mosaic virus (TuMV)
(Tomitaka and Ohshima, 2006), Sweet potato feathery mottle virus
(SPFMV) (Tugume et al., 2010), Watermelon mosaic virus (Moreno
et al., 2003) and Potato virus Y (Ogawa et al., 2008). To study the


dx.doi.org/10.1016/j.virusres.2012.10.024
http://www.sciencedirect.com/science/journal/01681702
http://www.elsevier.com/locate/virusres
mailto:virology@cau.edu.cn
mailto:fanzf@cau.edu.cn
dx.doi.org/10.1016/j.virusres.2012.10.024

Y. Li et al. / Virus Research 171 (2013) 242-246

AF006731.1 sugarcane/Australia |sis
{L D00948.1 sugarcane/Australia
AJ278405.1 sugarcane/Australia Brisbane

AF006735.1 sugarcane/Australia Bundaberg
I~ AF006734.1 sugarcane/Australia Brisbane

243

AF006737.1s

100

100

74

100

L AF006728.1 sugarcane/Australia Isis
AY836523.1 sugarcane/USA I

L— AYS590778.1 sugarcane/China Fujian
AF006738.1 sugarcane/South Africa Natal
FM997890.1 sugarcane/China Yunnan
DQ438949.1 sugarcane/Iran
23 57 DQ369960.1 sugarcane/lran —

_:DQ925427.1 sugarcane/Vietnam Hoabinh
69 DQ925430.1 sugarcane/Vietnam Bacgiang

AJ310103.1 sugarcane/China Zhejiang =
92 AJ310102.1sugarcane/China Zhejiang 111
AJ310104.1 sugarcane/China Zhejiang —

ugarcane/USA Florida

FM997888.1 sugarcane/China Yunnan —_—
FM997895.1 sugarcane/China Yunnan

FME97891.1 sugarcane/China Yunnan

FM997893.1 sugarcane/China Yunnan

FM997894.1 sugarcane/China Yunnan

FM997889.1 sugarcane/China Yunnan
FM997896.1 sugarcane/China Yunnan —

II

X98168.1

100|_

63

—
0.02

AJ006199.1 maize/Germany —
81 L AJ006200.1 maize/Germany
AJ311168.1 maize/Spain Lleida

99
54 X98167.1 malze/Germany Borsdorf
DQ973170.1 maize/Argentina

L DQB647652.1 sugarcane/Thailand Suphanburi

100 \‘— AMS501531.1 maize/Thailand

AY222743.1 Musa textilis/Phillippines

maize/Germany Boetzingen

|-— DQ647663.1 maize/Thailand Kanchanaburi —
AY629310.1 sugarcane/Thailand Supanburi
- DQB47659.1 maize/Thailand Nakhon Ratchasima

AY630923.1 sugarcane/Thailand Suphanburi
AY629311.1 sugarcane/Thailand Udon Thani VI
AY629312.1 maize/Thailand Saraburi
DQ647651.1 maize/Thailand Saraburi
JNO021933.1 maize/China Hebei
DQY25429.1 maize/Vietnam Hatay
DQ925431.1 sugarcane/Vietnam Yenbai —

Fig. 1. Neighbor-joining tree generated based on the non-recombinant nucleotide sequence alignment of the CP cistron of different SCMV isolates depicting phyloge-
netic relationships. The bootstrapping replicates = 1000. Branches with bootstrap values of >50% were shown. The scale bar represents genetic distance (substitutions per

nucleotide).

genetic structure and elucidate potential factors that shape vari-
ation in SCMV population, a large number of host and geography
distinct isolates of SCMV CP cistron and/or 3’-UTR were selected to
assess the genetic structure of the population by analyses of their
recombination, phylogeny, population demography and selection
pressure acting on the CP gene.

Sequences of the SCMV CP cistron and/or 3’-UTR retrieved from
the GenBank database (Supplementary Table 1) were processed
and aligned using Clustal W (Thompson et al., 1994). The N-
terminal of SCMV CP cistron had great diversity with the presence of

insertions and/or deletions, with the lengths ranging from 915
to 984 nt while most sequences were 939nt (gaps are shown
in Supplementary Figure 1). To evaluate the genotype profile
of SCMV isolates, a phylogenetic tree was constructed by the
neighbor-joining algorithm (1000 bootstrapping replicates) with
the program MEGA 5.03 (Tamura et al., 2011) based on the non-
recombinant CP cistron. The SCMV populations clustered into six
groups distinguishable according to their genetic distances (Fig. 1)
which were related to their original hosts, although different
groups existed within the same host, in accordance with former
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