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Abstract Rose is one of the most important cut flowers
produced in the world. It is also grown in landscape
plantings and public gardens for ornamental purposes.
However, there is no detailed information available about
viruses infecting roses in Chile. In order to gain insight
about the viruses that could be present, a plant showing
yellow vein chlorosis in its leaves was collected from a
garden in Santiago. Double-stranded RNA (dsRNA) was
isolated and after a random primed RT-PCR amplification
procedure followed by sequencing, Rose spring dwarf-
associated virus (RSDaV) presence was established. In
order to widen the survey, several additional symptomatic
and asymptomatic plants as well as aphids were screened
by RT-PCR using two different pairs of virus-specific
primers. RSDaV was detected in 24% of the analyzed
samples. To our knowledge, this is the first report of
RSDaV in Chilean rose plants and Rhodobium porosum
(Sanderson) aphids.

The nucleotide sequence data reported in this article have been
submitted to the GenBank nucleotide sequence database and have
been assigned the accession numbers HM236354, HM236355,
HM?236356, HM236357, HM236358, HM236359, HM236360,
HM236361, HM236362, HM236363, HM236364, HM236365,
HM?236366, and HM236367.
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At least, nine viral species belonging to the genera Nepo-
virus and Ilarvirus have been described to infect roses.
These include Tomato ringspot virus (ToRsV), Tobacco
ringspot virus (TRSV), Strawberry latent ringspot virus
(SLRSYV), Arabis mosaic virus (AtMV), Blackberry chlo-
rotic ringspot virus (BCRV), Tobacco streak virus (TSV),
Prunus necrotic ringspot virus (PNRSV), and Apple mosaic
virus (ApMV). In addition, Rose spring dwarf-associated
virus (RSDaV) was recently described in the United States,
and the authors suggested a correlation with Rose spring
dwarf disease (RSD) [1]. RSDaV genome contains 5,808
nucleotides and codes for five major and three minor open
reading frames (ORF). It belongs to the family Luteoviridae
and the Luteovirus genus. This family includes features such
as persistent circulative aphid transmission and phloem
restriction [2].

Previous studies have determined a 14% loss in salable
blooms due to virus-infected roses grown outdoors and in
greenhouses [3]. Rose plants are often carriers of viruses
without showing symptoms; thus, viruses are easily spread
during budding and grafting procedures. Logically, effi-
cient control relies on nurseries and commercial growers.
In Chile as elsewhere, screening of the viral species present
in roses may contribute to establish future virus-tested
plant certification programs.

In order to identify virus species infecting roses in Chile,
a rose sample exhibiting leaves with yellow vein chlorosis
resembling a viral infection (sample CI1-RO1) was collected
from a private garden (Fig. 1), and dsRNA was extracted as
described elsewhere [4]. In brief, 2 g of bark scrapings was
powdered in liquid nitrogen followed by column chroma-
tography in CF-11 (Sigma). Reverse transcription was done
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Fig. 1 Photograph of sample CI-RO1 showing leaves with yellow
vein chlorosis. The presence of Rose spring dwarf-associated virus
was confirmed by RT-PCR and sequencing of two different viral
regions

as previously described [5] using primer EErnd 5'-GTA
AGGTGCACGTAGTTGNNNNNNNNN-3'. This was fol-
lowed by 40 cycles of PCR with primer EEadp 5'-GTAAG
GTGCACGTAGTTG-3' to complete the random primed
RT-PCR amplification strategy. We have previously dem-
onstrated that this approach can be used to enrich samples in
viral templates, overcoming problems related to low viral
titers or limited amount of plant tissue [6]. The amplified
sample was fluorescently labeled with Cy3 (GE Healthcare)
and screened with an oligonucleotide microarray able to
simultaneously detect 44 plant (mainly grapevine) viruses
[5], but no conclusive results were obtained. In order to
further investigate the putative viral agent present in the
plant, the amplified sample was cloned into pGEMT-easy
vector (Promega) and transformed into E. coli. One of the 30
clones sequenced (GenBank accession HM236354) con-
tained a fragment of 377 bp corresponding to a partial region
of the coat protein gene of RSDaV (genome position 3235-
3611). The sequence shared 99% of nucleotide and 100% of
amino acid identity with a recently reported RSDaV isolate
(GenBank accession EU024678). Clearly, the microarray
was unable to detect RSDaV because probes for the Luteo-
viridae family were not considered among the 570 unique
oligonucleotides printed.

In order to determine the presence of RSDaV in additional
rose plants and aphids, samples collected from nurseries,
public, and private gardens were submitted to RT-PCR ana-
lysis. For this purpose, a pair of primers spanning the 377-bp
region initially identified in sample CI-RO1, RSDVFor
5'-TCACAATCAACAACCTTAAGGC-3', and RSDVRev
5'-CGAGCTGGGTCCATTTCCTG-3' was used. We were
able to detect RSDaV using these pair of primers in 6 of the 25
samples (24%) collected (GenBank accessions HM236355,
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HM236356, HM236357, HM236358, HM?236359, and
HM236360). Sequence comparison of each of the positive
RT-PCR products with the reference genome (GenBank
accession EU024678) showed between 98 and 100% of
nucleotide identity. The translated sequences showed
between 96 and 100% of amino acid identity when com-
pared to either the viral aphid transmission or coat proteins
if frame +1 was considered. When frame +3 was com-
pared with the reference RSDaV genome, between 96 and
100% of identity at the amino acid level was obtained with
the viral movement protein.

In order to further confirm the presence of RSDaV in all
the samples, a second pair of primers LutFor 5'-TGGCGC
CACCTGGAATGTAGG-3' and LutRev 5-GGGACGTC
GCTACCTGCTGGAAAT-3' that amplified a 417-bp frag-
ment corresponding to a partial region of viral ORF 3 was
also used (RSDaV genome position 4058—4474) [1]. Again,
the same six positive plants described above (GenBank
accessions HM236361, HM236362, HM236363, HM236364,
HM?236365, and HM236366) shared between 93.8 and
99.8% nucleotide identity and between 97 and 100% amino
acid identity with the reference RSDaV genome (GenBank
accession EU024678).

In summary, a total of 25 rose samples collected from
different geographic locations in Santiago, Chile consider-
ing nurseries, public, and private gardens were screened. We
were able to detect RSDaV in six (24%) of the samples
analyzed.

In order to determine, whether the same screening
approach was able to detect RSDaV in aphids, four specimens
that corresponded to Rhodobium porosum (Sanderson), which
have been recently described as efficient vectors of RSDaV
with a 37% of infection rate [1], were collected from
sample CI-RO1 and then analyzed all together. Total RNA
was extracted from the aphids as described elsewhere [7, 8]
followed by RT-PCR. RSDaV was efficiently detected
using the same primers described above (GenBank acces-
sion HM236367).

In this study, we report the initial detection of RSDaV in
Chile. The methodology used allowed us to an unequivocal
determination of the virus in rose plants since two different
pairs of primers spanning different viral regions were used
on each case. The same experimental approach was useful
for virus screening in aphids, the natural vector of several
plant viruses including RSDaV. Our preliminary findings
suggest that RSDaV is widely spread; therefore, viral cer-
tification of rose plants should be established in the near
future in Chile. It is important to mention that RSDaV has
been only recently reported in California, USA [1]. To our
knowledge, this is the first report of RSDaV in roses and
their aphids in Chile. Further studies to determine the
incidence, genome variability, and effects of this virus are
pending.



Virus Genes (2010) 41:295-297

297

Acknowledgments This study was partially supported by the
CCTE/PFB-16 program from CONICYT (Chile) and Universidad
Andrés Bello Young Scientist Award to EAE. Authors thank
Dr. Pablo D.T. Valenzuela, Dr. Mario Rosemblatt, and Dr. Erwin
Krauskopf for support and comments on this manuscript.

References

1. N. Salem, D.A. Golino, B.W. Falk, A. Rowhani, Plant Dis. 92,
508-512 (2008)

2. RR. Martin, P.K. Keese, M.J. Young, P.M. Waterhouse,
W.L. Gerlach, Annu. Rev. Phytopathol. 28, 341-363 (1990)

. N.R. Pataky, Virus and Virus-Like Diseases of Roses (University

of Illinois, Urbana-Champaign, 1988), pp. 1-5

. R.A. Valverde, S.T. Nameth, R.L. Jordan, Plant Dis. 74, 255-258

(1990)

. E.A. Engel, P.F. Escobar, L.A. Rojas, P.A. Rivera, N. Fiore, P.D.

Valenzuela, J. Virol. Methods 163, 445-451 (2010)

. D. Wang, L. Coscoy, M. Zylberberg, P.C. Avila, H.A. Boushey, D.

Ganem, J.L. DeRisi, Proc. Natl. Acad. Sci. USA 99, 15687-15692
(2002)

. S. Chang, J. Puryear, J. Cairney, Plant Mol. Biol. Rep. 11, 113-116

(1993)

. E.A. Engel, C. Girardi, P.F. Escobar, V. Arredondo, C. Dominguez,

T. Perez-Acle, P.D. Valenzuela, Virus Genes 37, 110-118 (2008)

@ Springer



	Presence of rose spring dwarf-associated virus in Chile: partial genome sequence and detection in roses and their colonizing aphids
	Abstract
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


