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Nandina mosaic virus is an isolate of Plantago asiatica mosaic virus
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Abstract

The complete nucleotide sequence of the genome of Nandina mosaic virus (NaMV), which has tentatively
been assigned to the genus Potexvirus, is reported. The sequence is 6066 nt in length, excluding the poly(A)
tail, and contains ORFs coding for proteins of 155, 25, 12, 13, and 21 kDa (ORFs 1–4 and the CP),
respectively. The genomic organization of the virus and the signature motifs in the putative protein products
are similar to the data reported for potexviruses for which complete sequences are known. Phylogenetic
comparisons indicated that NaMV is most closely related to Plantago asiatica mosaic virus (PlAMV).
Pairwise comparisons of the sequence data for these two viruses indicate that, based on criteria recently
proposed for genera within the family Flexiviridae, NaMV and PlAMV should be considered to be strains/
isolates of the same viral species. Both NaMV and PlAMV were first reported in 1976 but, as PlAMV was
sequenced first, this name should take precedence with the name NaMV being relegated to a synonym.

Viruses of the genus Potexvirus have flexuous
filaments 470–580 nm in length and 13 nm in
diameter. Virions comprise a coat protein with
capsid subunits (Mr 18–27� 103) and a single lin-
ear molecule of positive sense ssRNA of between
5.9 and 7.0 kb in length (Mr 2.10–2.39� 106). The
genomes of potexviruses typically contain 5 open
reading frames (ORF). The largest ORF codes for
a protein of 150 kDa which contains methyl
transferase-like signatures, helicase-like signatures,
and polymerase signatures (Candresse et al., 1990)
and is considered to be the viral replicase. ORFs
2–4 represent a triple gene block of proteins that
are believed to be involved in viral movement.
ORF 5 codes for the coat protein (CP). Over 25
distinct potexviruses have been reported with a
further 19 viruses being tentatively assigned to the
genus (van Regenmortel et al., 2000). Potexviruses
have no known vectors but infect many plant
species across a wide range of plant families.
Individual species tend to have very narrow

natural host ranges (Koenig and Lesemann, 1978;
Francki et al., 1985). The name Nandina mosaic
virus was first applied to a potexvirus isolated
from Nandina domestica cv Harbor Dwarf (Zettler
et al., 1980). The virus did not display serological
relationships with six other potexviruses but
showed an homologous serological reaction with
another potexvirus isolated from nandina growing
in California (Santos-pulgar, 1978). Neither the
study which originally used this name (Zettler
et al., 1980) nor the previous studies of a potex-
virus isolated from nandina (Moreno et al., 1976;
Santos-pulgar, 1978) provided unequivocal evi-
dence that this virus was a unique species of
potexvirus. To the present time NaMV has been
considered to be a ‘‘tentative species’’ within the
genus Potexvirus.

Plantago asiatica mosaic virus (PlAMV) was first
described by Kostin and Volkov (1976) where it
was reported to have spread in the central Asian
region of the former USSR. The sequence of the
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complete genome of the virus was described by
Solovyev et al. (1994). As part of a project to
determine the viruses that are present in the asex-
ually propagated dwarf nandina cultivar ‘Fire-
power’, we have cloned and sequenced a
potexvirus that we isolated from this cultivar and
which gave an homologous reaction against anti-
serum prepared to NaMV by Zettler et al. (1980).
Phylogenetic comparisons indicate that the virus
should be considered to be a strain/isolate of the
definitive potexvirus PlAMV.

Sap inoculation from the dwarf nandina cultivar
‘Firepower’ to Chenopodium quinoa Wild. using
0.03 M sodium phosphate buffer containing
0.002 M 2-mercaptoethanol produced a systemic
mottle. Inoculation from these plants toGomphrena
globosa produced necrotic local lesions. Isolation
from a single local lesion to Spinacea oleracea and
Nicotiana benthamiana produced systemic infection
in both species. Sap produced from the systemically
infected N. benthamiana was inoculated to
G. globosa and a single local lesion selected and
inoculated to N. benthamiana. Systemic infection
developed and this isolate (PLH1) was purified and
sequenced. The virus was purified using the method
described by Zettler et al. (1980) and the concen-
tration of the purified preparation was estimated
spectophotometrically using an extinction coeffi-
cient at 260 nm of 3.08 mg ml)1 cm)1 (Koenig and
Lesemann, 1978). The molecular mass (Mr) of the
viral coat protein was estimated using SDS-PAGE
electrophoresis with low-range molecular weight
standards, 14,400–97,400 (Bio-Rad, Hercules, CA).

Viral RNA was extracted using an RNeasy Plant
Mini Kit (Qiagen, Valencia, CA). The RNA prep-
aration was analyzed in a denaturing gel using the
RNA of Tobacco mosaic virus (Mr 2.05� 106) and
the 16S (Mr 0.55� 106) and 23S (Mr 1.07� 106)
ribosomal RNAs from Escherichia coli as stan-
dards. An initial cDNA library was synthesized
using Superscript II reverse transcriptase and oligo-
dT according to manufacturer’s instructions (Invi-
trogen, Carlsbad, CA). The remaining sequence
was obtained by synthesizing additional cDNAs
with primers complementary to areas of sequence in
the initial clones and to sequence that was deter-
mined later. All cDNAs were ligated into pBlue-
script. The 5¢ terminus of the genomic molecule was
determined by 5¢ RACE (Frohman et al., 1988). All
clones and their subclones were sequenced com-
pletely in both directions using oligonucleotide
primers (KS, M13 forward, M13 reverse, and p79)
(De Bellis et al., 1992) plus other primers synthe-
sized as the sequence was determined. Sequencing
reactions were analyzed in an ABI 377 sequencer
(Applied Biosystems, Inc., Foster, CA). Alignments
of sequences were completed using CLUSTAL
X and dendrograms were plotted using NJPLOT
(Jeanmougin et al., 1998). Paired comparisons
were completed using the BCM Search Launcher
website (http://searchlauncher.bcm.tmc.edu/seq-
search/alignment.html) at Baylor College of Med-
icine, Texas, USA.

A single purification from N. benthamiana yiel-
ded 0.42 mg of virus/g of leaf tissue. SDS-PAGE of
the purified virus showed a single protein with an

Table 1. A comparison of NaMV and PlAMV

NAMV PlAMV

Open reading

Frame

Location within
genome

Size of putative

translation

product (kDa)

% Identity Location within
genome

Size of putative

translation product (kDa)

5¢ UTR 89

1 86–4192 155 82 86–4243 155.6

2 4194–4886 24.8 86 4245–4937 24.7

3 4852–5184 11.8 85 4903–5235 11.7

4 4988–5353 12.5 69 5039–5404 12.7

CP 5325–5948 21.7 91 5376–5999 21.8

3¢ UTR 84 (91)

The location of ORFs within the respective genomes and the sizes of the putative translation product for which the individual ORF

codes are shown. The % identity between 5¢ and 3¢ UTRs is calculated using the nucleotide sequences. The % identity of the 3¢ UTR is

calculated based on the complete sequence for the 3¢ UTR of both NaMV and PlAMV (84%) and on the complete sequence for NaMV

compared against the sequence of PlAMV minus a repeated CTTTT motif present in PlAMV (91%). The % identity of the ORF is

calculated using the amino acid sequences of the full length putative translation products.
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Mr of 21,500.Denaturing gels showed a singleRNA
with a molecular mass similar to that of TMV. The
complete sequence of the RNA is 6066 nt in length
(GenBank Accession AY800279) and contains five
open reading frames (ORFs) (Table 1). The puta-
tive CP – ORF 5 has an estimated Mr of 21,778. A
methyl transferase-like signature, a helicase-like
signature, and a polymerase signature (Candresse
et al., 1990) are present in the putative product of
ORF 1.

Phylogenetic analyses of the putative products
of all the ORFs and signature motifs contained
within the product of ORF 1 show the virus to be
very closely related to PlAMV (Figure 1 and
Table 1). The 3¢ UTR regions of both viruses ex-
hibit a high degree of identity with the exception of
a repeated CTTTT motif present in PlAMV
(Figure 2) Examination of the 3¢ UTR regions of
other potexviruses for which more than a single
complete genomic sequence is available (Pepino
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Figure 1. Unrooted phylogenetic tree for amino acid sequence of the polymerase signature of NaMV, Bamboo mosaic virus

(BaMV; D26017), Cactus Virus X (CVX; AF308158), Cassava common mosaic virus (CsCMV; U23414), Clover yellow mosaic virus

(ClYMV; D29630), Cymbidium mosaic virus (CymMV; U62963), Foxtail mosaic virus (FoMV; M62730), Hydrangea ringspot virus

(HdRSV; AY 707100), Narcissus mosaic virus (NMV; D13747), Opuntia virus X (OCVX; AY366209), Papaya mosaic virus (Pap-

MV; D13975), Pepino mosaic virus (PepMV; NC_004067), Plantago asiatica mosaic virus (PlAMV; Z21647), Potato aucuba mosaic

virus (PAMV; S73580), Potato virus X (PVX; D00344), Scallion virus X (ScaVX; AJ316085), Strawberry mild yellow edge virus

(SMYEV; D12517), Tulip virus X (TVX; AB066288), White clover mosaic virus (WClMV; X06728), and Zygocactus virus X

(ZCVX; AY366207). The trees were bootstrapped using 1000 replications. The cluster containing NaMV and PlaMV is indicated

by a shaded box.
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mosaic virus – PepMV and Potato virus X – PVX)
shows almost complete identity among sequences
(2 nucleotide changes in the 64 nucleotides of the
3¢ UTR of PepMV and 1 nucleotide change in the
72 nucleotides of the 3¢ UTR of PVX). Thus iso-
lates of the same virus would appear to have
almost identical 3¢ UTRs. The variation between
the 3¢ UTRs of NaMV and PlAMV is greater than
that seen in PepMV and PVX and this would ar-
gue against NaMV and PlAMV being isolates of
the same virus. However the extent of the conser-
vation at the protein level would suggest that they
are indeed members of the same species. This being
true leads to the speculation that the repeated
CTTTT motif in PlAMV may be a cloning/
sequencing artifact.

Four viruses have been reported to infect nan-
dina: Cucumber mosaic virus – CMV (Brierley and
Smith, 1960; Barnett and Baxter, 1973), NaMV
(Zettler et al., 1980), Nandina stem pitting virus –
NSPV (Ahmed et al., 1983), and Tobacco ringspot
virus – TRSV (Stouffer, 1965) with NaMV being
the only potexvirus described. Members of the
genus Plantago are infected by a number of dif-
ferent viruses (Fauquet and Mayo, 1999) including
two other potexviruses: Plantago severe mottle
virus (PlSMoV) and Plantain virus X (PlVX). We
were unable to examine the relationship between
these viruses and NaMV at the molecular level as
the viruses were neither available to us nor are
sequences under these names present in GenBank.
However, based on distinct differences in host
range and serological reactivity it is unlikely that

either PlSMoV (a strain of the potexvirus Papaya
mosaic virus – PapMV – Gracia et al., 1983) or
PlVX is related to either PlAMV or NaMV. PlS-
MoV infects G. globosa but is a member of a
cluster of serologically related potexviruses
including PapMV (Gracia et al., 1983). Phyloge-
netic comparison (Figure 1) shows that PapMV is
clearly distinct from either PlAMV or NaMV.
PlVX is not serologically related to other pote-
xviruses (Milne, 1988) and does not infect G.
globosa (Hammond and Hull, 1983). The absence
of a relationship between PlAMV and other viru-
ses that infect members of the genus Plantago is re-
iterated in the description of the sequence for
PlAMV (Solovyev et al., 1994).

The closeness of the relationship between
NaMV and PlAMV at the molecular level is such
that NaMV must be considered to be a strain/
isolate of PlAMV and the name NaMV should be
considered to be a synonym for PlAMV. The core
region of the CP of strains of individual potexvi-
ruses can show between 72 and 90% homology
(van Regenmortel et al., 2000). Percentage identi-
ties of between 62 and 76% among the amino acid
(aa) sequences of the CPs of 3 potexviruses iso-
lated from cactus distinguished them as three dif-
ferent species (Koenig et al., 2004). Strains of the
same potexvirus displayed between 82 and 98%
identity in the aa sequences of the CP (Yamaji
et al., 2001). In establishing molecular criteria for
the family Flexiviridae greater than 90% identity
among the aa of the coat protein is shown for
strains of potexviruses (Adams et al., 2004). The

Figure 2. An alignment of the 3¢ UTRs of NaMV (top) and PlAMV (bottom). The two 3¢ UTRs share 84% identity. However, if

the repeated CTTTT motif present in PlAMV is ignored the percentage identity increases to (91%).
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level of identity (91%) between the complete aa se-
quences of the CP of NaMV and PlAMV and rela-
tively little variation between the 3¢UTRs of the two
viruses would offer support for them being at least
strains of the same virus with observed variations in
the sequence being attributable to existence in
markedly different host species. Ironically,Plantago
asiatica is found growing in the region of genetic
origin for Nandina (eastern Russia/Asia) and this
raises the question of which of the two hosts was the
original natural host of the virus.

Technical Contribution No. 5069 of the Clem-
son University Experiment Station. The sequence
reported in this manuscript has been deposited
with GenBank as Accession AY800279.

References

Adams MJ, Antoniw JF, Bar-Joseph M, Brunt AA, Candresse

T, Foster DG, Martelli GP, Milne RG and Fauquet CM

(2004) The new plant virus family Flexiviridae and assess-

ment of molecular criteria for species demarcation.

Archives of Virology 149: 1045–1060

Ahmed NA, Christie SR and Zettler FW (1983) Identification

and partial characterization of a closterovirus infecting

Nandina domestica. Phytopathology 73: 470–475

Barnett OW and Baxter L (1973) Cucumber mosaic virus of

Nandina domestica in South Carolina. Plant Disease

Reporter 57: 917–920

Brierley P and Smith F (1960) Cucumber mosaic virus in

Nandina domestica. Phytopathology 59: 569(abstract)

Candresse T, Morch MD and Dunez J (1990) Multiple

alignment and hierarchical clustering of conserved amino

acid sequences in the replication-associated proteins of

plant RNA viruses. Research in Virology 141: 315–329

De Bellis G, Manoni M, Pergolizzi ME, Redolfi ME and

Luzzana M (1992) A more stringent choice of primers can

improve the performance of fluorescent automated DNA

sequencers. BioTechniques 13: 892–897

Fauquet CM and Mayo MA (1999) Abbreviations for plant

virus names – 1999. Archives of Virology 144: 1249–1273

Francki RIB, Milne RG and Hatta T (1985) Potexvirus Group.

In: Atlas of Plant Viruses, Vol. 2 (pp. 159–172) CRC Press

Inc., Boca Raton, FL

Frohman MA, Dush MK and Martin GR (1988) Rapid

production of full-length cDNAs from rare transcripts:

Amplification using a single gene-specific nucleotide primer.

Proceedings of the National Academy of Sciences, USA

851: 8998–9002

Gracia O, Koenig R and Lesemann D-E (1983) Properties and

classification of a potexvirus isolated from three plant

species in Argentina. Phytopathology 73: 1488–1493

Hammond J and Hull R (1983) Plantain virus X. Descriptions

of Plant Viruses no 266. Association of Applied Biologists,

http://www.dpvweb.net/dpv/showdpv.php?dpvno = 266,

accessed December 29, 2004

Jeanmougin F, Thompson JD, Gouy M, Higgins DG and

Gibson TJ (1998) Multiple sequence alignment with Clustal

X. Trends in Biochemical Sciences 23: 403–405

Koenig R and Lesemann D-E (1978) Potexvirus Group.

Descriptions of Plant Viruses no 200. Association of

Applied Biologists, http://www.dpvweb.net/dpv/show-

dpv.php?dpvno = 200, accessed December 29, 2004

Koenig R, Pleij CWA, Loss S, Burgermeister W, Aust H and

Schiemann J (2004) Molecular characterisation of potexvi-

ruses isolated from three different genera in the family

Cactaceae. Archives of Virology 149: 903–914

Kostin VD and Volkov YG (1976) Some properties of the virus

affecting Plantago asiatica L. Virusnye Bolezni Rastenji

Dalnego Vostoka (in Russian) 25: 205–210

Milne RG (1988) Taxonomy of the rod-shaped filamentous

viruses. In: Milne RG (ed) The Plant Viruses. Vol. 4. The

Filamentous Viruses (pp. 3–50), Plenum Press, New York

and London

Moreno P, Attathom S and Weathers LG (1976) Identification,

transmission and partial purification of a potexvirus caus-

ing a disease of Nandina plants in California. Proceedings

of the American Phytopathological Society 3: 319

Santos-pulgar R (1978) Identification and characterization of a

potexvirus from dwarf sacred bamboo (Nandina domestica).

Ph. D. Dissertation University of California Riverside 84 p

Solovyev AG, Novikov VK, Merits A, Savenkov EL, Zelenia

DA, Tyulkina LG and Morosov SY (1994) Genome

characterization and taxonomy of Plantago asiatica mosaic

potexvirus. Journal of General Virology 75: 259–267

Stouffer RF (1965) Virus diseases of ornamental plants. Florida

Agricultural Experiment Station Annual Report Page 160

(abstract)

van Regenmortel MHV, Fauquet CM, Bishop DHL, Carstens

EB, Estes MK, Lemon SM, Maniloff J, Mayo MA,

McGeoch DJ, Pringle CR and Wickner RB (2000) Virus

Taxonomy. 7th Report of the International Committee on

Taxonomy of Viruses. Academic Press, San Diego, CA

Yamaji Y, Kagiwada S, Nakabayashi H, Ugaki M and

Namba S (2001) Complete nucleotide sequence of Tulip

virus X (TVX-J): The border between species and strains

within the genus Potexvirus. Archives of Virology 146:

2309–2320

Zettler FW, Hiebert E, Maciel-Zambolim E, Christie RG and

El-Nil MMA (1980) A potexvirus infecting Nandina

domestica ‘Harbor Dwarf’. Acta Horticulturae 110: 71–77

313



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


