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ABSTRACT

Evidence from evolutionary relationships among Thysanoptera suggest that the
associations between a few unrelated species of these insects with the Bunyaviridae.
Tospoviruses does not have a long evolutionary history. Since tospoviruses are fully
dependent for their existence on the few vector thrips species, the implication is that
tospoviruses are a recent evolutionary phenomenon. The suggestion is made that
variation in vector ability might be a more useful avenue for research than plant
breeding to control these essentially vertebrate viruses.
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INTRODUCTION

The infection of a plant with a Tospovirus leads to necrosis of the plant tissues,
distortion of fruits, serious yield reduction in some crops, and sometimes death of
entire plants. The 800 or more species of plants that have been recorded as being
infected by tospoviruses include many crops, such as tomatoes, capsicums,
watermelons, lettuce, and groundnuts, as well as flower crops such as chrysanthemums,
irises, and impatiens. Tosposviruses occur in every major agricultural area around the
world, and they rank among the ten most detrimental plant viruses worldwide. That is,
for anyone involved in horticultural crop production, tospoviruses are important.

However, tospoviruses cannot exist in nature on their own. They are neither seed
transmitted nor root transmitted, and thus they cannot move from plant to plant,
whether across a single field, or within a field from one season to the next. Under field
conditions tospoviruses are transmitted from one plant to another only by particular
species of thrips. Moreover, this association is highly specific, in that for an adult to be
able to transmit a tospovirus, it must have obtained that virus during its development at

the second instar larval stage ). Adult thrips cannot acquire and then transmit a

231



Tospoviruses and Thrips — is There an Evolutionary Relationship?

tospovirus. As a result of this association, Tospoviruses do not have an independent
existence-they are fully dependent on just a few particular species of thrips for their
continued existence in nature. In the laboratory, plant pathologists transmit
tospoviruses by rubbing sap from an infected leaf into an uninfected leaf, but this does
not happen in nature. The other essential fact to be considered is that Tospoviruses are
members of the Bunyaviridae-a family of viruses that are associated with animals and
are not plant viruses.

Thus we have a remarkable situation. How did one or more virus in an animal
come to be associated with, and dependent on, a few species of insects that feed on
plants, and how have these animal viruses come to cause serious damage to plant cells.
Accepting that nothing makes sense in biology except in the light of evolution, the
essential question thus becomes-what was the origin of the associations between thrips
and tospoviruses? Did one plant-feeding thrips acquire from some unknown animal a
particular bunyavirid species, and was this then modified within the thrips and inserted
into a plant? Such a route seems unlikely, but the alternative is even less likely. This
would involve an animal infected with a bunyavirid browsing on and infecting a plant
with that virus. The bunyavirid would then need to have been modified within the plant,
and subsequently ingested by a thrips that then transmitted the disease to another plant.
Considering the second of these two scenarios, there is a good probability that many
animals infested with bunyavirids will browse on plants, but the rest of this
transformation route seems too tortuous for serious consideration. In contrast, some of
the thrips species that are tospovirus vectors are predatory on other arthropods, and
adults of several species of thrips probe the skin of vertebrates, including man.
Moreover, the typical thigmotactic behaviour of adult thrips commonly results in these
insects being found in dark places, including the nests of birds and mammals. A
potential pathway thus exists for a bunyavirid from a vertebrate directly into a
thrips-but this is still a bunyavirid, not a tospovirus.

Leaving such conjectures concerning the origin of tospoviruses for consideration
by future molecular biologists, the next important question concerning the thrips
association with tospoviruses becomes — did the association evolve once only, or did it
evolve several times? That is, did the genus Tospovirus evolve from Bunyaviridae just
once and subsequently diversify into a series of species, progressively acquiring the
diverse thrips vectors that are now recognised? Or did the association between thrips

and these viruses arise several times, possibly even from different Bunyaviridae, and in
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association with different thrips species? This second possibility involves the genus
Tospovirus being polyphyletic, with several virus species having evolved independently in
association with different thrips species, possibly even on different continents.

Tospovirus specialists will consider the molecular evidence relevant to such
questions, but the present discussion is concerned with the evidence from thrips. First,
only a few thrips species are tospovirus vectors, and these species are not all closely
related. Thus only five of the 160 species of Frankliniella, and only 3 of the 280
species of Thrips genus, are known to be tospovirus vectors (Table 1). These two large
genera are not sister genera, and are not considered to be particularly closely related
within the subfamily Thripinae of the Thripidae ). The genus Franklliniella is
essentially New World, whereas Thrips is primarily Old World with some species in
North America but no species native to South America. The two genera thus possibly
evolved around the time that the Atlantic Ocean was developing between these two
land masses. Was the association between thrips and tospoviruses in existence at that
time, such that the ancestors of Frankliniella and Thrips were already vectors? If so,
then either there must be many species in these two genera that are unrecognised
vectors of unrecognised tospoviruses, or else most species in these genera have lost the
ability to be vectors. There is no evidence to support either of these scenarios, and
neither of them seems likely. Moreover, if this discussion is extended to consider the
three unrelated vector thrips in the genera Ceratothripoides, Dictyothrips, and
Scirtothrips, the situation becomes even more complex. This would then involve an
assumption that the ancestor of the family Thripidae was a tospovirus vector, and that

more than one thousand species in this family have lost the vector ability.

Table 1. Generic relationships of tospovirus vector species

Genera of Thripinae Species described in genus  Species recorded as vectors
Ceratothripoides 5 1
Dictyothrips 1 1
Frankliniella 230 5
Scirtothrips 100 1
Thrips 280 3

)

Inoue and Sakurai ® examined the phylogenetic relationships between a series of

tospovirus species and a series of thrips species. They concluded that there was
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considerable congruence between the phylogeny of thrips and that of tospoviruses, and
they were able to recognise three different clades among tospoviruses (Fig. 1). One of
these was associated with species of genus Thrips as vectors, and these viruses are
found primarily in plants of the Cucurbitaceae and Liliaceae. A second clade of
tospoviruses was associated with species of Frankliniella as vectors, and these viruses
are found mainly in Solanaceae and Asteraceae. A third clade was associated with
Scirtothrips as vector, and these viruses are found on Fabaceae. This study suggests the
possibility that the associations between groups of tospoviruses and different genera of
thrips vectors have originated independently. Unfortunately, this type of investigation
is complicated by the fact that several pest thrips, and many crop plants and their
viruses, have been disseminated widely around the world by human trade. Thrips
tabaci probably evolved in the eastern Mediterranean in association with the genus
Allium. But the Romans took onions and garlic across Europe to Britain, and
Alexander’s army presumably did the same across Asia to India. Later, the Spanish
took onions and their thrips to South America, the Portuguese to India, the Dutch to
Indonesia, and the British to Australia. The areas of origin of the tospoviruses are thus
likely to be more difficult to predict than the areas of origin of the known vector
species. This translocation of vectors and of viruses between continents has
presumably facilitated the ability of a widespread species such as Thrips tabaci to

vector relatively unrelated tospovirus species.

Table 2. Geographical areas of origin of tospovirus vector species

Vector species American continent Asia Eurasia
Frankliniella bispinosa +
Frankliniella fusca +
Frankliniella occidentalis +
Frankliniella schultzei +
Frankliniella zucchini +

Ceratothripoides claratris
Scirtothrips dorsalis
Thrips palmi

Thrips setosus

+ o+ + o+

Dictyothrips betae +
Frankliniella intonsa

+

Thrips tabaci +
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Five of the vector species originated unequivocally on the American continent,
whereas four of the vectors are equally clearly Asian in origin, and three vector species
seem to be of European or Eurasian origin (Table 2). However, these three areas of
origin of the vector species need not reflect the areas where a particular thrips species
became associated with one or more tospoviruses. Moreover, since some vector species
transmit more than one tospovirus, it is possible that for such species the ability to
transmit one virus might have facilitated the acquisition, and ability to transmit, other
tospoviruses. Two parts of the world are noticeably absent from this discussion,
Australia and tropical Africa. Studies on the insects and viruses of Africa are not
extensive, but the thrips fauna of Australia has been intensively studied in recent years,
and there is no evidence that any Australian native thrips species is a tospovirus vector.
Moreover, despite many plant species that have been introduced to Australia suffering
from tospovirus infections, where the viruses are vectored only by non-native thrips
species, there is no evidence that any native Australian plant is infected by a tospovirus
when growing in its natural habitat.

Because tospoviruses affect plants, much of the research on these organisms is
carried out by plant pathologists and plant breeders. As a result the major research
target is on producing tospovirus resistance in plants. In contrast, much of the success
in controlling human diseases has been, not through breeding disease resistant humans,
but though reducing the rates of disease transmission. In this way, the population of a
pathogen is reduced below a critical level for continued transmission. Crop
entomologists emulate this strategy by insecticide spraying, with the hope of reducing
thrips populations and hence virus transmission. However, a more effective long-term
solution might be to exploit the known variation in vector ability among populations of
thrips species ©). Such variation investigated by Jacobson & Kennedy * suggests that
thrips might carry genes that are involved in limiting the efficiency with which
individuals of some populations act as vectors. Breeding from thrips individuals with
reduced vector capacity, and releasing such populations under controlled conditions,
might well drive down the rate of transmission and thus hold the possibility of
eliminating locally a targeted tospovirus. However, biological approaches such as this,
involving critical studies on the behaviour and genetics of the insect vectors, are at
present less likely to attract research funding than molecular studies on viruses.
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Fig. 1. Phylogenetic relationships between tospoviruses and thrips - after Inoue and
Sakurai @.

237



Tospoviruses and Thrips — is There an Evolutionary Relationship?

238




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /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 [612.000 792.000]
>> setpagedevice




