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May2011 PhylloxeraGenomicsInitiative 1 ProposaltosequencethegenomeofthegrapePhylloxera (DaktulosphairavitifoliaeFitch)

Grape phylloxera (Daktulosphaira vitifoliae Fitch) is a historical pest of grapevine with worldwideeconomicandecologicalimportance.PhylloxeraisnativetotheeasternUnitedStates ofAmericawhereitsnaturalhostsareAmericanVitisspecies.Thesenaturalhostsshowvarying levels of resistance to the insect and a few accessions of Vitis spp. have been used to produce rootstocks for use in commercial viticulture worldwide. The use of such rootstocks is, to-date, theonlymeansbywhicheconomicallyviablegrapeproductioncanbereliablymaintainedfrom Vitis vinifera in a phylloxera-infested vineyard. If the recent release of the grape genome has acceleratedrootstockbreedingprogrammes,thelong-termstabilityofthehost-plantresistance is conditioned to the non emergence of virulent phylloxera strains. However, there has been recent evidence in Australia of the emergence of two apparently resistant phylloxera clones, whichsuggeststhatpreviouslyhost-resistantplantscannowbesusceptibletophylloxera.

Incontrastwiththeaccurateanddetailedhistoricstudiesonthebiologyofthisinsect,genetic information is still quite limited on this potentially dangerous species for a major crop. We propose the sequencing of the phylloxera (Daktulosphaira vitifoliae Fitch) genome through an integrated approach. Phylloxera, because of its basal phylogenetic relationship to aphids, providesaninterestingmodelforcomparativegenomicsbetweenaphids(inthebroadsense). The phylloxera sequence will also fill the gap between aphids and related taxa such as bugs, cicadasandleafhoppers,psyllidsandwhiteflies.

Knowledge of the genome of the phylloxera will considerably improve our understanding of many of the specific biological features of this invasive pest. This include identifying genes for complex traits including those with relevance to the genetic basis of host-plant interaction, to leafgallandrootformation,tonutritionongrape,andtothedevelopmentalcausesofextreme phenotypicplasticity.Finally,knowledgeofthephylloxeragenomeisalsorelevanttohumanand economicwellbeingbyparticipatingtoreduceenvironmentalcostandriskinviticulture.

Threeentomologists(JEPlanchon,JLichtenstein, CV Riley) visiting a phylloxera infested vineyard in the South of France -frontpage of "Le Journal Illustré,28thSeptember1878".

(A)Importance/BenefitsofthegrapePhylloxeragenome

An invasive historical pest. Phylloxera is an historic pest species with worldwide economic and ecological importance. The insect is native to North America and indigenous on Vitis species. It was accidentally introduced into Europe around 1850 whereintheabsenceofAmericanVitisspeciesitbecameadevastatingpestofthehighly susceptible European grapevine species V. vinifera. Therefore, phylloxera caused the collapseoftheEuropeanviticultureindustry.Itssubsequentspreadtovineyardsaround theglobeproceededrapidlyanditisnowfoundinalmostallviticultureregionsofthe world (North America, Europe, Australia, South Africa, South America, Asia and the Middle East, etc). Some American Vitis species show resistance mechanisms to rootfeeding by this insect, and these have been used as rootstocks at the end of the 19 th century for continued commercial production of V. vinifera. Today, phylloxera is still a major threat for viticulture imposing the grafting of V. vinifera and quarantine regulations in areas (e.g. Australia, Chile, Armenia and China) where varieties are predominantlygrownown-rooted.

Thekey'basal'phylogeneticposition ofgrapephylloxera.D.vitifoliae(grape phylloxera) belongs to the Phylloxeroidea (Figure 1), a group that includes the pine and spruce 'aphids' (Adelgidae) and the phylloxerans (Phylloxeridae).ThePhylloxeroideaisa small monophyletic superfamily of the Hemiptera closely related to the Aphidoidea (the true aphids), its nearest sister taxon. The Aphidoidea and the Phylloxeroidea probably diverged in the Jurassic or earlier from someaphidiformancestorwhoseorigin can be traced back up to about 250 my ago [START_REF] Heie | Palaeontology and phylogeny. Aphids: Their biology, natural enemies, and control[END_REF]. While not an aphid sensu stricto, phylloxera, because of its basal phylogenetic relationship to aphidsandbecauseitsharesasubset of the biological adaptations associated with aphids, provides an interesting model for comparative genomics.

One genome of aphid (the pea aphid; see IAGC 2010) is already available and several efforts of the International Aphid Genomics Consortium (IAGC) concentrate on other aphid genomes of the same family as they represent major pests of annual crops. However, no genome project on Phylloxeroidea has been proposed yet; the present projectwillthereforeprovideessentialcomparisonsbetweenaphid(inthebroadsense) genomes and an extraordinary resource for understanding major feature of aphid evolution, such as the rapid radiation after host shifting from gymnosperms to angiosperms.Eventually,thephylloxerasequencewillalsofillthegapbetweenaphids andrelatedtaxasuchasbugs,cicadasandleafhoppers,psyllidsandwhitefliesallowing 

tostudygenomeevolutionattheevolutionaryscaleoftheHemipteraorder(seeFigure 1).

An'aphid'thatlacksendosymbionts.ThefoodsourceandnutritionalphysiologyofD. vitifoliaeclearlydifferfromthatoftheAphididaewhichingestphloemsap,haveprimary endosymbiontsandrequireessentialaminoacids.Daktulosphairavitifoliaeinsteaduses itsrelativelystrongstyletstopenetratedirectlyintotheparenchymaticzoneandimbibe the cellular content. Thus, phylloxera take up a protein-rich diet and do not appear to needbacterialendosymbiontsforsynthesisofessentialaminoacidsorproteins.

Therefore, contrary to true aphids (Aphidoidea) that exhibit a mutualistic association withintracellularbacteria(Buchnerasp.),theirprimarysymbionts,D.vitifoliaeappears to lack Buchnera. However, an association has been postulated between grape phylloxera and bacteria Pantoea agglomerans [START_REF] Vorwerk | Pantoea agglomerans associated bacteria in grape phylloxera (Daktulosphaira vitifoliae Fitch)[END_REF]). Although this association may have been established over a long evolutionary period, the role of P. agglomeransingrapephylloxerastillremainstobedefined.Potentiallyitmayimpact on host-plant interactions between phylloxera genetic strains and Vitis species. The availabilityofthephylloxeragenomesequencewillallowelucidatingtheevolutionofits association with Pantoea, and by using the comparative approach will certainly bring newinsightsintotheco-evolutionoftheassociationofAphidoideawiththeirsymbionts. Aspartofaeukaryoticgenomeproject,itoftenoccursthatmicroorganismgenomescan bealsototallyorpartiallysequencedsincetheirDNAareco-extracted.Sequencingthe Phylloxeragenomemightthusleadtothedescriptionofassociatedmicroorganismsasa by-product.

An 'aphid' with a specialised digestive system. In comparison with aphid feeding fromphloemsap,thefoodsourceofgrapephylloxeraishighinproteinandlowinsugar andwater.Therefore,theremightbesomeimportantevolutionaryadaptationssuchhas theabilitytodigestproteinsforprovidingtheenergyrequirementsduringtheadultlife stage. Grapephylloxeradoesappeartohaveacompletedigestivesystem(Kingstonetal. 2007).Itappearstolackthecapacityforanalwasteexcretionduetoalackofanaldorsal muscles making honeydew excretion improbable, despite having an anal opening this appearstobenon-functional.Thealternativemechanismofwasteexcretionalthoughas yet unclear, may include periodic elimination of waste into the gall via salivary glands and/or during oviposition. The insects high reproductive capacity means that energy requirements for egg production are high and storage of food may also assist in the extend survival of later instars of phylloxera, which can survive for up to nine days in theabsenceofdiet.

A gallforming species. Daktulosphaira vitifoliae induces formation of leaf and root galls on Vitis species. Phylloxera is thus a valuable model for studying the biology of obligate gall-forming species in Hemipterans. Galling ability on leaves and roots has been documented to be highly variable between Vitis species. Moreover, leaf and root gallingcanbeinfluencedbybothenvironmentalconditionsandthekindofphylloxera strains.Forinstance,nativestrainsofgrapephylloxerathatformleafgallsonV.girdiana in southern California and on V. arizonica in Arizona have not been found on roots (Granettetal.2001).SomeAustralianstrainsofphylloxerainVictoriaareabletoinduce leaf galling and are genetically distinct from neighbouring phylloxera strains that lack this capacity and can only induce root galls. In addition other Australian strains have the capacity to induce both root and leaf galls depending on the host genetic background.TheinductionofleafgallingunderAustralianconditionsalsoappearstobe influenced by environmental conditions. The comparison of the pea aphid (and other non-gallformingaphidspecies)andphylloxeragenomeswillthusprovidenewinsights intothisunexploredaspectofaphidbiology.

TheinteractionbetweenPhylloxeraandVitis.Amajorfocusconcernstheinteraction ofphylloxerawithitshostplant.Theuseofresistantrootstockshaslargelyprevented phylloxera-related damage but this genetic stability implies that resistance for rootstocks will not be overcome by the evolution of aggressive phylloxera strains. A major issue for viticulture is thus to gain a better understanding of the genetic determinants involved in the compatible interaction of phylloxera with grapevine. To date, consistent dominant biotypes (defined by host-performance parameters) have been described to occur in Australia and California, but could not be confirmed in Europe.OfmajorimportanceintheinteractionwithVitisspeciesisthefunctionofthe salivaryglandsandgut:itisindeedhypothesizedthatsalivaryfactorsareessentialfor gallinductionandmaintenance,andpossiblyalsoforhostadaptationandforhostplant resistance. Secretory and excretory functions are likely to be very specialized in this taxon, and therefore the secretome and metabolome subject to specific adaptive processes could be compared between phylloxera and other aphid species. The secretomeofthepeaaphidgenomeisunderinvestigationalready.

It is worth noting that the recent release of the grapevine genome (Vitis vinifera var. Pinotnoir,Jaillonetal.2009)isprovidingauniqueopportunitytostudythemolecular dialogs between phylloxera and grapevine. Grape and phylloxera genomes availability will allow functional genomics approaches on both the plant and the insect, a strategy thathasshownitsvalueandefficacyforthestudyofcomplexinteractioninotherhostparasiteinteractions.

Life cycle and polyphenism in Phylloxeridae. Phylloxeridae share with aphids complexlifecyclesthatarecharacterizedbythealternationbetweendifferentmorphs (sexual/asexual, winged/apterous) generated by clonal reproduction, the so-called polyphenism. Asexual individuals forming galls on leaves are called gallicoles (leaffeedingwingless),andonroots,radicicoles(root-feeding,wingless).Theeggshatchinto instarsthataremobileandcanmovebetweenrootsandleavestoestablishnewfeeding sites.Afterthefirstinstargallicolesandradicicolestendtofeedinoneplace.Sexuparae (winged females) are generated on roots and emerge from the ground prior to adult eclosion.Aftereclosionthesewingedformsdisperseandthenlaymaleandfemaleeggs asexually. The newly hatched sexuales (wingless) moult four times before they mate, and each female lays a single overwintering egg. The fundatrix for the succeeding year's gallicoles hatches from the overwintering egg. Overwintering of radicicoles also occurs as first instar hibernants(Figure2).

In the pea aphid genome, a very large number of genes have been predicted (more than 34,000), a similar situation recently observed in Daphnia duplex, another arthropod which display several polyphenisms. It is intriguing to underline theobservationthatinbothspecies,thelargenumberofpredictedgenesiscorrelated with several gene duplications. Thus, it is tempting to hypothesize the role of gene duplication in the extension of polyphenism. Similar to Aphididae, Phylloxeridae lifecycles present a large number of discrete phenotypic forms: parthenogenetic females thatfeedonrootorleaf,asexualwingedforms,sexuales(reviewedbyForneck&Huber 2009). They also include some specific characteristics such as oviparity of asexual females, the lost of rostrum in winged asexuals and apterous sexuales. Finally, it has been documented that polyphenism is under the control of environmental conditions and,insomecases,bythehost-plantitself.Furthermore,phylloxerareproducesonlyby oviparity (sexual or asexual) whereas Aphidinae (including the pea aphid) alternates betweenoviparity(sexualreproduction)aviviparity(asexualreproduction).Therefore, the phylloxera genome will allow us to confirm if duplications of development-related genescouldhavefacilitatedtheevolutionofpolyphenisminAphidomorpha.

Roleofphylloxeraintheecologicalnetworkassociatedtograpevine.Theparasite communityassociatedwithgrapevineleavesandrootscoversmultipleinteractionswith fungi,bacteriaandvirus(figure3)butinformationonthemolecularinteractionisstill sparse.Uncoveringthephylloxeragenomewillprovidethebasisforthestudyofgenegeneinteractionsofparasiterelations.

Figure3:EcologicalnetworkassociatedtoDaktulosphairavitifoliae.

Relevancetohumanandeconomicwellbeing.Afullgenomesequenceofphylloxera is required to address a broad range of human health-related problems. Indeed, phylloxerabiologyisrelevanttohumanhealthandeconomicwell-being:

-As a quarantine pest phylloxera causes millions of dollars in expenses todetect andcontrolthispest. -Pesticidetreatmentstocontrolphylloxeragreatlyinteractswithecologyandmay affect fruit quality; This is especially the case for treatments of soil-borne phylloxerawhichmaymodifyrhizosphereecology. -Breeding for grape rootstock resistant to phylloxera is a long-term and costly effort. The identification of the genetic determinants involved in the compatible interaction with grape is essential for rootstock breeding purposes in order to ensure the long-term stability of the host-plant resistance.

-Phylloxera modifies the plant by inducing a set a genes that results in the production of starch granules into nodosities (whereas all other part of the root do not). The Phylloxera/Root Interaction can be used as a model to understandgenefunctionandultimatelytransformrootstocks. -Understanding the functioning of phylloxera's metabolism that does not rely on primary endosymbionts (Buchnera) may provide critical information on effectiveormaybemoreprimitivemetabolicmechanismsinaphids.

(B)Sequencingandresearchstrategies

Inordertofullytaptheinformationfromthisprojectandamassessentialinformation oncodinggenesequencesandgeneexpression,weproposetoaccompanythegenome sequence project with a set of RNA-Seq runs as well as the development of functional analysestoolssuchasRNAi.Weproposetointegratethedevelopmentofthesegenomic resourcesinAphidBase,acentralizedbioinformaticresourceswebsitealreadyavailable foraphids.

1.Organisationandprojectmanagement.Thephylloxerainitiative(seeannex1)will bepartoftheInternationalAphidGenomeConsortium(IAGC)thatrecentlystatedinits new White Paper (http://www.aphidbase.com/aphidbase/news/aphid_white_paper_ii) the importance of developing several aphid genome projects including phylloxera. By integrating the IAGC, our phylloxera community follows the ethical rules of this consortium by releasing in the public databases the different sequences produced by thisgenomeproject.ThePhylloxeraGenomicsInitiativewillalsotakeadvantageofthe differentexpertsofaphidbiologywithintheIAGCmembers.

A first meeting about phylloxera genomics was held by Astrid Forneck in September 2010inViennawhereithasbeendecidedtoentertheIAGC,writethisWhitePaperand organizeourstrategyforthisgenomeproject,suchassharingRNA-Seqconditionstobe tested. Furthermore the necessity of updated and continuing coordinated research reflectstheinterestsofthecommunitywhichhasrecentlyestablishedaworkinggroup (P10)withintheISHS(InternationalSocietyofHorticulturalSciences).Conferenceand visio calls can be easily organized and an annual meeting is envisaged. This meeting couldbeassociatedwiththeannualIAGCmeeting(nextoneinJune2011,KansasCity). A mailing list of the phylloxera community has been established, but our community gainsalsoatusingtheaphidgenomicsmailinglistfromIAGC(morethan200people).

2.Preliminarytasksandbiologicalmaterial.

Genomesizing.Estimationofthephylloxeragenomesizebyflowcytometrywascirca 400Mb,asdescribedbelow.

InJune2010,phylloxeraleafgallswerecollectedfromPetit-Arvine(Vitisvinifera)graftedonFercal rootstock at INRA Château Couhins (Pessac-Léognan, Bordeaux AOC, France). A total of twenty infectedleaveswithmorethantengallseachwereusedtoinfectaHarmonycultivar(rootstock).

The phylloxera population was maintained in an insect-proof cage in greenhouse conditions and after four months the population was held at 4°C. In January 2011, 90 root-feeding larvae were collected for the flow cytometry analysis. The genome size estimation was performed on nine different samples of insects from this established population. For each sample, cell suspensions werepreparedfrompooledwholebodiesfrom10larvae.Insectsampleswerefinelychoppedwith a razor blade in 600 mL of cold Galbraith buffer supplemented as usual with 1% (w/v) polyvinylpyrrolidone 10.000 and 40 mg/mL RNase A (Roche). The samples were analyzed on a FACScaliburcytometer.AllsampleswerecomparedagainstoneMedicagotruncatulacvA17(2C= 1,125Mbp)controlsampleofknowngenomesize.Foreachphylloxerasample,atleast3000nuclei wereanalyzed.

Table1.C-valuesestimatesfortheninesamplesofgrapevinephylloxera. 3. Decision of the Phylloxera lineages to be sequenced. This proposal aimed at developing genomic resources for two different lineages of Phylloxera. Several clonal lineages have been described by biotype from root-and leaf-feeding habitats. These have been all sampled in economically important wine regions apart from the native habitat range covering France, Hungary, Germany, Australia and the United States (California). Most strains are genotyped by a set of six SSR markers, available for the scientificcommunityandserveasidentification.Howeverfewofthisclonallineagesare long-term maintained under controlled conditions; among them lineages in Australia and Austria. The Austrian lineages are field-sampled from leaf galls of abandoned rootstocksandselectedforfitnessonrootstockhosts(roots).Twolineages(sampledin 2006)arecurrentlysustainedundercontrolledgreenhouseconditionsonTeleki5C.The geneticbackgroundoftheAustralianandAustrian(asmostEuropean)lineagesvaryin terms of the genetic diversity which is significantly higher in Europe due to migration (of infected material), multiple infection, rare sexual events, than in Australia. In contrast to Europe, some Australian Biotypes remain stable in vineyards and can be tracedspatiallyandtemporallyforongoingscreeningsandtrials.InAustraliasix(ofan identified 83) clonal lineages have been maintained for years and have been used to studyhost-plantinteractionsunderlaboratoryandglasshouseconditionsandcompare thesewithfieldobservations,whereedaphicandclimaticconditionsappeartoinfluence host-plant susceptibility and relative virulence of genetic strains. The Australian lineageswerefieldsampledfromrootgallsofV.vinifera(onwhichtheyaremaintained) and have been used for comparative host-plant fitness studies on >10 commercially available rootstock studies and >20 novel rootstock hybrids. One of two predominant clonallineageshasalsobeenusedinelectrophysiologicalfeedinginteractionstudiesand histologicalstudiestocharacterisetheinsectsgutmorphology.

Tomaximizethegenetictraits(&resources)ofaclonallineageonewouldsuggestthe crossingoftwolineages(economicbiotypes&sampledfromnativehabitat)breedinga F1 and a S1 respectively. However, this strategy will be complicated to implement because:i)ofthedifficultiesandyetnotsolvedproblemsofrearingsexualoffspring,ii) such crosses often in F1 progenies that have important fitness decrease. This is supportedbygeneticstudiesthathaveshownexcessofheterozygosityinallpopulations testedsofarinbothnativeandeconomicpopulations (Corrieetal2002,Linetal.2006[START_REF] Vorwerk | Reproductive mode of grape phylloxera (Daktulosphaira vitifoliae, Homoptera: Phylloxeridae) in Europe: molecular evidence for predominantly asexual populations and a lack of gene flow between them[END_REF]. We therefore suggest employing an existing clonal lineage fromaneconomichabitatratherthanusinganewcrossandselfedlineage.

Several phylloxera field-sampled strains from Australia and Europe have been phenotyped before and show differences in host performance and fitness when bioassayed. Therefore, in the first step, we suggest sequencing of both an Australian lineages (e.g. G1) and an European lineage to allow coverage of all prospective genes. Using the 10 SSRs already available [START_REF] Corrie | Clonal reproduction and population genetic structure of grape phylloxera, Daktulosphaira vitifoliae, in Australia[END_REF][START_REF] Lin | New simple sequence repeat loci for the study of grape phylloxera (Daktulosphaira vitifoliae) genetics and host adaptation[END_REF][START_REF] Vorwerk | Reproductive mode of grape phylloxera (Daktulosphaira vitifoliae, Homoptera: Phylloxeridae) in Europe: molecular evidence for predominantly asexual populations and a lack of gene flow between them[END_REF]) and the new SSRs that are developed at INRA Bordeaux, the heterozygosity level of the lineages to be sequenced will be assessed. The selected phylloxeralineageswillbeprovidedtoallgroupsforbiologicalandgenomictestings.

4.GenomesequencingofD.vitifoliae

Sequencing. We propose that the D. vitifoliae genome will be produced on new generationsequencingplatformssuchasSolexa/Illuminaratherthan454 AphidBaseisalsoconnectedtootherdedicateddatabasessuchasCycads(formetabolic networks) and PhylomeDB (for phylogenomics). Groups handling those two databases are willing to load future phylloxera genome data on their database to allow i) an analysisspecifictophylloxeraandii)aninter-speciescomparison.

Finally,theuseofgenomicresourcestounderstandmanyofthespecificbiologicaltraits ofphylloxera(seebelow)requiresthedevelopmentoffunctionalanalysistools.Stable transgenicphylloxeraisprobablytoofartobereality:forthemoment,transgenicsare available for very few insect species. However, transient RNAi after injection of interfering RNAs has been developed for several insect species including aphids (Jaubert-Possamaietal.2007)andotherHemiptera.

5.Exploitationofthegenomesequence

Transcriptomicandfunctionalapproaches.Tostudysomespecificbiologicaltraitsor particular aspects in the biology of the phylloxera (changes of morphs or alimentary modificationsthatoccuratsomekeypointsofthebiologicalcycle),transcriptomicand functional approaches will be developed. For instance, high-throughput RNAseq will allow analysing and comparing the differential expression of the transcripts between root-feeding(underground)andgalls-feeding(aerial)morphs,betweenmaleandfemale forms, winged versus apterous forms, or sexual versus asexual morphs. This transcriptomic approach will help in identifying candidate genes responsible for the phenotypes under study. Besides, functional approaches -such as RT-PCR, RNAi, etcwillbeusedtostudyspecificfunctionsofphylloxera.

Phylloxera population genomics and resequencing phylloxera strains to identify genes responsible for adaptations (host races, obligate parthenogenesis, insecticide resistance). The availability of two different phylloxera strains will provide many polymorphicmarkers(SNP)andwillopenthedoortopopulationgenomicsapproaches on phylloxera. With the re-sequencing of phylloxera lineages, the genetic basis of adaptationwillbeunraveldirectlyatthegenomelevel,withoutanyprerequisitesabout the selectively advantageous genes or traits. Re-sequencing strains having distinct phenotypeswillalsoallowdistinguishingbetweentheneutralgeneticbackgroundand outlier loci (e.g. showing a higher than expected genetic differentiation between populations).Thisapproachwillbeusedtoaddresshostspecialisationofphylloxeraon differentVitisspp.,transitionstoobligateparthenogenesis,orinsecticideresistance.

Phylloxera/Vitisinteraction.Understandingthemechanismsofgallinductiontoroots and leaves of Vitis are important to learn about the changes occurring in the plant physiologywheninfestedbyphylloxera.Usingmetabolomicapproachestheanalysisof theinsects'saliva,functionofthesalivaryglandsandgutareessentialasareanalysisof thegalltissuestolearnaboutthepotentialimpactstohost-performanceduringthegall induction and gall maturation phase. In complement to RNA-Seq approach we plan projectsinvolvingmetabolomicprofilingofthephylloxerasalivaryglandsincludingthe analysis of the potential effects of "associated microorganisms (e.g. P. agglomerans)" abundant in the salivary glands and the effects of phylloxera inducing root galls in rootstocks.
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 1 Figure 1. Simplified phylogenetic relationships among aphid subfamilies and tribes as proposed by Ortiz-Rivas and Martínez-Torres (2010). The filled circle indicates the Aphidinae subfamilly (80% of the aphid species) that includes the pea aphid Acyrthosiphon pisum that has been recently sequenced (IAGC, 2010).

Figure 2 .

 2 Figure 2. Schematic life-cycle of the grape phylloxera(fromGranettetal.2001).

  Eachsampleconsistedof10radicicoleslarvae. HaploidgenomesizesestimatesfortheninesamplesanalysedaregiveninTable1.MeanC-value for D. is 400.5 Mb with a standard deviation (SD) that appeared to be relatively low (<2%) indicatingthatthephylloxerapopulationanalysedrevealedlowintraspecificvariabilityforgenome size. Acknowledgments: D. Papura (INRA Bordeaux) established the Phylloxera population which was heldingreenhouse.Shealsopreparedtheinsectsfortheflowcytometryanalysiswiththetechnical assistance of L. Delbac (INRA Bordeaux). Flow cytometry analysis was performed by O. Catrice (INRAToulouse)withthetechnicalassistanceofS.Richart-Cervera(INRABordeaux).

  

  De novo assembly of the phylloxera genome could be performed with the guidance of Hugh Robertson's group; there are different options such as those based on SOAPdenovo assembly or using other algorithms like ABYSS.

	.Asstatedby Hugh Robertson (University of Illinois): "different groups have experienced various levelsofdifficultieswith454homopolymerlengtherrors,soamovementisunderway tomigrateentirelytoILLUMINAsequencingtoavoidthesedifficulties.Thismovement hasbeenmadepossiblebytwokeydevelopments.First,thecurrentILLUMINAGenome AnalyzerIImachinewithmodificationsiscapableofgeneratinghighqualityreadsupto 125basesinlength,andeachlaneofthesevenavailableinaflowcellcangenerate~35 million paired end reads, which can be various distances apart. Second, assembly of these large numbers of relatively short reads has been made possible by the development of several assembly packages, most notably SOAPdenovo by the BGI (Beijing Genome Institute) in China (Li et al. 2010)." Therefore, it is usually recommendedtohavean80xcoverageofthegenometoallowacorrectassembly. Assembly of NGS reads is not yet completely resolved and this depends on different parameters.Qualityoftheassemblydependsonthedegreeofrepeatsandtransposable elements: the pea aphid genome contains approx. 30% of repeats and transposable elements.Compositionofthephylloxeragenomeisnotknownbutwemightexpectthe librariesdifferingbyinsertsize:500bp,3kb,8kband12kb. Genomeannotationcanbedividedintotwosequentialsteps:insilicopredictionsand manual annotation. The quality of in silico annotation depends mainly on expression evidenceforgenesencodingproteinsornon-codingRNAs.Thisgenomeprojectincludes therefore several RNA-Seq runs in order to produce as much as possible of partial transcriptsequencesfromdifferenttissuesourcesanddifferentconditions(morphsfor instance). Different bioinformatic tools may be combined in order to optimize the descriptionofgenemodelsfromESTsequencesdata. Database.Aftersequencing,assemblyandautomaticannotation,adatabaseallowingto store,display,browse,andseekfeatureswithinthegenomeisnecessary.AphidBasehas been developed by INRA Rennes (France) in the frame of IAGC (http://www.aphidbase.com). It contains the annotated pea aphid genome but is dedicatedtohouseotheraphidgenomes.AphidBasewillthusbethedatabasehousing thephylloxeragenomeproject.Thiswillallowcomparativegenomicsbetweendifferent aphid species. Moreover, AphidBase contains the Apollo tool that is used for manual annotation. Manual annotation of the pea aphid genome has been performed by IAGC, usingApollo,afteraworkshopwhereuserslearnthowtousethisannotationtool.The same range of complexity. DNAlibrarieswillbepreparedfromwholebodyadultfemales:weproposeseveralDNA IAGCwillorganiseasimilarmanualannotationforphylloxera.