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Summary

LaboratOr)rofBioindusbrialInfor皿aticsises七ablishedin2004,andnow

intendst(〕revealtothemolecular皿echanismsthatcon七rolearlアdevelopmentof

teleostfishandalsotodevelopcomputerprogramsforDNAsequenceanalアses.

Wecurrent/アhavethエeemainresearGhprojec七s,Inthe盒stprojeGt,werevealthe

developmentalmechanismthatc。nbrolsexternallefレrightasyiume七ryoffi。under.

Insecond,werecentlystartedaresearchproleGtairningaもestablishmentof

techniquetoprepareinduGedpluripotentstem(iPS)cellsfro皿fishcells.The

thirdprojectaimsatdevelopinge冊cientcompu七ationalmethodsforcomparing

biologicalsequences.Herewebrieflアsurn皿arizerecen七progressofourresearch

pro]eets.

MetamerphicDevelopmentofFlounder

Inthemembersof七hePleuroneGtiforms,including且ounderandflat丘sh

species,botheyesloca七eonasinglelateralofthehead,anddarkchro皿atophores

dis七ribu七eonlyontheoGularside.Thus,theアshowmarkedasymmetryintheir

exteTnalstruc七ure,inadditiontotheasym皿etrアof七heinternalorgansand

epithalamus(apar七 〇fbraincomposedofpinealcomplexandhabenulae>common-

1yseeninthevertebrates,Duringe皿br)τogenesis,eyesandpigmentsdevelopin

bilateralsymmetryeveninflounderasinotherveltebrates.Flounderlarvaels

transfor皿edintoex七ernalasymmetricshapeduringthemetamorphosisbアemi-

gra七ingoneofp{iiredeyesintoo七herlateralofthehead,andthenby

differentiatingmelanophoresintheskinofocularside(Watanabeetα1.2008).

Flounderasym皿etrアisoneofwell-knowmmysteriesinanimaldevelopmen七 ・We

h乱vebeen七ryingtOuncoverthemechanismthatcontrolsflounderextemal

asymmetry・

ThemechanismtOcontrolthesidednessoftheheart,gutandepithalamushas
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beenunderstoodindetailsbyaseriesofstudiesinzebrafish,amode}organismfor

vertebratedevelo正)ment.Inbrief,theNodal-Lefty-Pi七x2(NLP)pathwa)Tis

expressedintheembryosspecifiGallyin七helef七sideoftheseorgansprimordiato

la七eralizetheirasymmetricdevelopment(Hashimo七 〇etal.,2004;HashimotOet

α1.2007b).TheexpressionoftheNLPpathwayisswitchedoffbeforetheendof

,embryogenesisinboもhzebrafishandflounder(HashimotOetα1.,2007a).Wehave

found七ha七in且ounderpitx2,atranscriptionfactortha七functionsas七hefinalL-R

determinantoforganasymmetry,isre-expressedin七heleftha-benularattheear1)r

stageofmeta皿orphosis.Thisleft-sidedpitx2re-expressioninthebrainseemsSo

lateralizee)Tesidednessoffiounder,becausesupPressionofアitx2エe-expression

エesultsinrando皿izationofeyesidedness,includingleft-sided,エight-sidedand

bilateraleyes(manuscriptinpreparation).

OutrecenttOpiconthepigmen七ationoffloundeエisdiseoverywherethe

preGursorcellsofadulttypechromatOphores,whichformas)rmmetricskincolora-

tion,exist(Wa七anabeeta乙,2008).Theprecursorcel正swerefoundtodistribute

asstemcellsat七hebasalpartsofthedorsalandanalfins.In.addi七ion,the

precursorcellsInigrateintobothlateralofskinfromthefinsinabilateral1)r

symmetriGmanner.Thispエesumabl)rmeansthat"asymmeもryoffiounderskin

colorisformedatthestel)ofpro正iferationoftheprecursorcellsattheskinorfinal

matura七ionintr〕chromatophores.Wearenowinvestiga七ingthemeehanism

whereb)rthechro皿a七 〇phoresdifferentia七eonl)ratもheocularside.

Inaquacultureof且ounder,abnormalmeta皿orphicdevelopmentduringseed

production,suGhasreversalofeyesidednessand皿al-pigmentation,エemainsas

problemstobedissolved.E}ucidationofthemechanislnof皿etamorphicdeve1-

opmelltishelpfulforidentifyingcau、sativefactorsthataffectthelarvadevelop-

mentinseedproduction.

Pluripotencyoffishembryonicce11s

IIImarineaquacul七ure,speciesofrelativelylargebodysize,suchasyell-

owtail,fiounderandtuna,aretargebSofproduction.Selectivebreedingneeds

m.aintenanceofparentalfishwithhereditiesbetterforeMcientpエoduction.

However,in七hecaseoflargemarinefish,itisnearlアimpossibletomain七ainlarge

numberoffamiliesduetOtheproblemsofcosもandspace.Inmice,induced

pluripotent(iPS>cells,withpotentialtOdifferentiatetoallkindsofcellspecies

asknownforembエ)τonicstem(ES>cells,can.bepreparedfromfullydifferentiated

somaticcellsbyinduGingexpressionoffourtranscriptionfac七 〇rs,Oct3/4,Sox2,

Klf4andcM理c.Ourideaisthatitbeco皿espossibletokeepselectedfamiliesas

frozencellswhenthetechnique七 〇preparefishiPScellsisdeveloped.Weare

nowinves七igatingthefeaturesofpluripotenGyoffishembエyoniccellsusing

zebエafish,Toassessthepluripoterlcアofcells,wehaveestablisheda七ransgenic
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ze『brafishlinecarringOet3/4promoteエ ーσ∬Pgene.InInouseandhumaniPS

preparation,Oct3/4isusedasamarkergenetojudgewhethercellshaveaGquired

thepluエipo七ency.TheembryoniccellsofthistransgenicfishemitGFP且uores-

cenceonlyatearlydevelopmentuntilgas七rulation,andstopemissionthereafteエ.

Itisexpectedthatsomaticcellspreparedfromthistransgenicfishstaエttoemit

greenfluorescencewhentheyacquiredpluripotenGyinthetes七sofiPSGell

preparation,Inaddition,wecanmonitoエthepluripotencyoftheembryoniccells

duエingdevelopment.Wehavefoundthatinjeetionofsox2andklf4皿RNAsinto

fertilizedcellsprolongsthepluripotencyofembryoniccells.Weplantoprepare

iPScellsdirecblyfromtheembryoniceellsbymieroinjectionofGock七ailofsox2

andklf4皿RNAsandantisensemorpholino-01igosofgenes七hatinduce

differentiationintheembryoniccells,Todevelopculturesys七emforfishiPS

cells,wearealsopreparingrecombinantproteinsoffishleukemiainducingfactor

(Lif>andfibroblastgrowthfactor(Fgf)(Abeeta9.,2007).

E・Mcientsequencecomparison

SequencecomparisonhasbeGomeessentialinmodernmo1ecularbiology.

Thelongesbcommonsubsequence(LCS)problemand七heエelatedproblemshave

beenstudiedextensively,becausethelengthoftheI、CScanbethoughtofasthe

similaritybetweentheinpu七sequences.Inaddition,theLCScanhelpusfind

outtheregionsofthesequenceswithbiologicalmeaningssuchasmotifs.Itis

knownthattheL,CSproblemfortwosequencescanbesolvedinquadratictime

andlinearspace.

ThelongestcommonincreasingsequencepエoblemconsistSin且nding七he

longestincreasingsubsequencecommontoallgivensequencesofintegers,which

canbeappliedwhencomputingthealignmentofwholegenomes.Wehave

shownthatthisproblemfor七wosequencesisalsosolvableinquadra七ictimeand

lineaエspace(Sakai2006).

ThesplicedalignmentproblemisanotherproblemrelatedtotheLCS.The

goalofthisproblemistofind七hechainofcandidateexonsthatis皿ostsimilarto

aknownrelatedgenesequence,whichisoneofsuccessfulappエoachestOassem-

biingagenefromcandidateexons.Although七henumberofcandidateexons

maybequadraticinthelengもhofthetargetDNAsequence,goodfi1七rationis

crucialforexonassembly,especiallyifthe七argetDNAseq1ユenceandtherelated

genesequencearefromdis七anttaxa.Wi七hnofiltration,bhispエobleエnisknown

tObeSOIVableinCUbiC七ime.OntheOtherhand,intheCaSeWherethenU.mber

ofcandida七eexonsislinearinthelengthnofthetargetDNAsequeneeafter

・d・qu・tefilt・ati・n,th・ ・unning七im・ ・fth・f・ ・t・・七 ・19・・ithmkn・wn・ ・f・ ・f・ ・

solvingthisproblemisO(n2・25).WetrytOimprovethisrunningtimetoalmost

quadratic一bydevelopinganO(n210gn)一 七imealgori七hm.
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Wearealsointerestedine伍cientmethodsfoエconstructingmultiplealign-

mentsofthreeormoresequences,Itisknowllthatanymul七iplealignlnentof

sequencesspeci丘esthetracelayoutgraph,whichrepresentsaclassofmultiple

alignlnentsofthesamesequenceswithgapflexibilitア.Eachtopologicalsoエtof

thisgraphcorrespondstoaspeGi且c皿ulもiplealignmentintheclass.Weare

developingeMcientalgorith皿sformeエgingtwotracelayoutgraphsundeエtheLCS

cエiteエion,whichhasanapplicationtomergingmultiplealignmen七sintheprogres-

sivealignment皿ethodwidelyemploアedbyprac七icalcompubersoftwaresuchas

Clustal-W,
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