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AI事STRACT   

MoleculargeneticstudiesontheAfricantrypanosomehaveinthepastf∝uSedononly  
afewgenesorgeneproducts：COnSequently・aSlgnificantnumberofgenesofthisorganism  
remalnunknown・Weare sequencJng randomdirectionalcDNAsclonesof TbpalWSOma  
bruceirh（）desiensetogenerateExpressedSequenceTags（ESTs），Ana］ysisof2128cIones  
SequenCedsofar showedsignificantsimilaritieswi（h proteinsalready describedin diverse  
Organismsincludingman，rOdents，kinetoplastids．yeastsandpLants．AnumberoftheESTs  
encodehomoJoguesofproteinsinvoIvedin＝S］gna］receptlOnand（ransduction，Celldivision，  
generegulation，DNArepalrandrep］lCation，generalmelabolism．andstructuralintegri（y．A  
largeproportion，562individualESTs（26％．representing299differenttranscripts）．had  
significant homology with genes described in organisms other than the African 
trypanosomes；however，14％ of the ESTs were from genes aIready describedin  
（rypanosomes・Weexpecttha（anurnberofthegenesw11＝〕ePreSentintheotherspeciesof  
theAfricantrypanosomes．Thispredictionhasbeen（estedbyhybridizationoftherandom  
ESTswithtotalcDNAsofothertrypanOSOmeSPeCiesincluding T．evansi．Thedatawi11be  
discussedinthecontextoftheirpotentiaJcontributiontounderstandingthebiologyof－these  
andolherparasiticprotozoa，andthediseasestheycause．   

INTRODUCTlON  

Muchusefulinformationcanbegainedatx）utanOrganismfromaccurateanddetailed  
knowledgeofitscompletegenecomplemen（andorganizatjon．Genomeanalysescontribute  
indifferentwaystothebetterLJnderstandingoftheorganismssoanalysed．Therearemany  
prqectsin progressthat aimat sequenclngthe completegenomes ofvariousprokaryotic  
andeukaryoticorganisms・SomeinformatlOnfromlheseundertakjngsisalready available  
foranumberoforganismsincludingsome bacteriaandfungi（01iver1996；Meweset a】．  
1997）・1n the context of‘Parasitology’，these effortscan beviewed as being directed at  
eitherthehostortheparasite．   
1tisexpected that within the early part of the nextmi11ennium complete sequence  
informationwillbe available on maIly Organisms．Already thereis a wealth of sequence  
informationonmanygenesarchivedinpubLicdomaindatabases（Bensonetal．1997）．This  
informationis provlng tObe extremely usefulto the biomedicalresearch communlty．Irt  
Ordertoexploitthisinformation，We aregeneratingexpressed sequencetaBS（ESTs）from  
thecDNAofthehumaninfective T・h・rhnde・minse・ThestrategyadoptedinESTanalysISis  
todeterminethenuc］eotidesequencecomposLtiononcefromthe51endofrandomcDNA  
clones in a representative library. 
TheESTapproach10geneidentincationtakesadvantageofsequencecomparisons  

＿・■J   



GENOMEANALYSISANDT．LVANS］  

acrosstaxaand species，Whichfacilitatestherate a（Which noveL genes arefoundin an  
organism under study・Because T・eVanSLis evolutionarily so close to Tlbruceiriti、S  
instructivetoconsiderhowmo】eculargeneticstudiesconductedinthepast andthosebeing  
carriedoutnow，On T．bruceicancontributetoabetterunderstandjngof71evarzsi，andhow  
theana7ys］SOfIhegenomeTlbrucei，CurrentlylnprOgreSS．wil）1ikelycontributetoabetter  
understandingof rどVα搾▲9g．   
RFL．Ps：C］onedsequencesencodinBdifferentvariantsurfac七glyeoproteins（VSGs）of  
Tlわruceiand some anonymous genQmicl）NA clones were usedin Southern blQt  
hybridizationanalysISOfDNAfromdifferentpopulationsofT・bnmi，Tlb・rhodesieTISe  
and7二b．gambiense．AstockofTevansiwasaIsoincludedintheanalysis・These studies  
showedthatrestrictionenzymefragmentpolymorphisms（RFLPs）analysisisauscfultool  
fbrthecharaeterizationandfinerclassjficationofthetrypanosomes＼血hinthe Tbpano100n  
（Paindavoineetal，1986）．InparticuIar，itwasdemonstTatedthroughsuchstudiesthatitis  
POSSibletodistinguishtheigambiensegroup’ofTlbruceifromtheothersub－SpeCiesdthin  
thjsgubgenu且．   
Kine坤如tDNJ4：TheanalysisofkinetoplaふtDNA（kDNA），firstcarriedoutinTbT－uCei  
（DoJle）sonetal．1979；ChenandDonel／SOn1980）andlaterextendedto71evansi（Borstet  
al．1987；Lunetal．1992）indicated（hatTlevansElacksthecompactkDNAnetw）rk・These  
studiesshowedalsothat7二evansihavenomaxicircleDNAmolecules（Borsトetal．1987；Ou  
etal．1991），WhicharetheequivalentofmitochondriaIDNA，Thisprovidedanexplarlation  
in partforfai1ure ofthese trypanosomes tollndergocyclicaldeveIopmentjrlthe tsetse  
VeCtOr．Whereasitwaseviden＝halthemaxicircleswere the equlValentsofmitochondrial  
DNA，thefllnCtionoftheminicirclesremainedobscureformanyyears．Itisnowknomlthat  
theminicirclernolecu］esaretranscribed（Pbllardetal．1990）intoBuideRNA（BRNA）which  
play an essentia］ro］ein RNA editing（Thiemann etal・1994），aPrOCeSS Which occtJrS  
Prlmarilyin（heprocyclicformsoftheparasite，ImpllCitly．RNAeditingdoesnotoccurinT．  
（－lIり几ヾJ．   

The minicircles of71evansi，in contrast tothose of Tlbrucei，are homogeneousin  
SequenCe，COmPrising two main types designated A and B．Thus，in any one clonal  
populationofTevansi，theminicirclesarenormal）yofoneoranOtherofthetwosequenee  
types（Borstetal・1987）・TbpanosomaevanJdwiththetypeAminicirclesarefoundamong  
isolatesoftheparasirefromEastAfrica，WestAfrica．andSouthAmerica，Whereasthose涙th  
the typeB minicircles have been found so far only among the East Africanisolate、S．  
Curiously，thetypeBminicircleappearStO Sharethesame degreeofsequenee homoIogy  
雨ththetypeAminicircles，andsomeTlbruceiminicirc］es．In Tlbrucei，thereareatlcast  
threedifferen（SequenCCClasBeSOfminicircleswhosepropor（ionsvaryamongdiffercntce11s  
（Chcn and Donelson1980）．Based on thisinformation，ithas been possibleto design  
O］igonucleotideprlmerSforspeciricdetectionof7二evaTZSLbythepolymerasechainreaction  
（托：R）and to distinguishitfTOm7二brucei．This obseTVation provided one ofthe first  
indieation弓thatthese twocIosely related parasitescan be distinguished atthe moIe血Iar  
level．   

RqpedLiyeeLemenLs：AsearchforrepetitiveelementsintheBenOmeOfT・bTuCeireYealcd  
twomoleculesdesiBnatedR【ME（Hasanetal．1984）andingi（Kimmeletal・1987），bothof  
、血ich o∝ur at SeVeraI】oci，師metimモS tOgモtber，in the genome of血e Tわpα丹0び州．  
Althoughthefunctionsoftheseelementsremainunknown，theymostlikclycontribu妃to  
ParaSitegenomemobi］ity．BecauseofitsubiquityamongtheTbpanozoon．thesequencesof  
bothelementsformtheba眉isforthePCRdetectionoftrypanosomes雨thinthissubgenus．  
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AnadditionalpropertyofinRithatmakesitattractiveasatargelforsensitivedetection of  
theTわ，Pan〃二0（）nisthefactthatitistranscribedinto RNA（KimmeletalL1987）－Assays  
directed a†detectlng this RNA could provide a meansof revealing the prcsencc of］ive  
ParaSi（esinaninfection・Theotherrepe（itiveelementwhichis【hetargeLfordetec（ionof（he  
TYypanoこ0（）nis（he177bprepeatinitiallydescriLxdbyStoQfetal（19R3）．   
Since both of these elements are foundin the genome of T．el′uTLYi、they can been  
exp］oitedastargetsfortheDN＾－basedsystemsfordetectionofthisparasite．lndeedinour  
experience．wefoundnodifferenceinthespeCificityandsensitlVltyWithwhich T，eVunSlor  
TlbruceicanbedetectedbyPCRwheneitheringiorthe177bprepeatisthe（argetofthe  
amplification・This observation supports（he notion that these repetitive eLements are  
representedatapproximately（hesamecopynumbersinthegenomesofbothparasites．   
ChrY？mOSOme PO＆morphisms：Although（rypanosomes do not conderlSe their  
Chromosomesatany stage sufficiently tobe visualised cytologlCally．chrornosorne－Sized  
DNA molecl11escan be prepared from theseorganismsfordifferentanalyses．One such  
analysisistheseparationofthechromosomesbypu］sedfieldgelelectrophoresis（Schwartz  
and Can（O1984）to give molecular karyotypes，Among the 乃wan（，こ（）（ノn．mOlecular  
karyotypesappear（Obe qulteVarjable，in bo（h sizeandnurnber．In generaLhowever，the  
OVerallpatternofthechromosomesappeartobesimi1arformembersofaslngleantlgenic  
repertoire・Therefore、thechromosomepatternormolecularkaryotypeOftrypanosomescan  
beusedasanindexoftheidentityofpopulationsof（heparasiteinaparticularlocality．This  
approachhasbeenused by WaitumbiandYoung（1994）tocharacterise r二evansiisolates  
fromcamelherdsinKenya．TnthiswayJtWaSpOSSibletodistinguishdifferentmolecular  
karyotypICgrOupSamOngtheparasiteisolatesinamannerthatcouldnothavebeenpossible  
by the anaJysIS Of kDNA minicircles．Thus，althoughthe molecular karyo（ypes do not  
COrrelatewithkDNAminicirclepatterns，theinformationobtainedfrorntheanalvsiscanbe  
usefulin epidemiologlCalsurveys，The separation of（rypanosome chromosomes was  
Previously performed under conditions which could separate onJy the medium－Sized  
Chromosomes，1ess thanlMb．Presently，allthe11chromosomes of T bruceican be  
resoIvedbyPFGE．   
Although7二evansicanno（bedistinguishedfromotherspeciesorsubspecieswithinthe  
Tbpan（，ヱC・On，StrictlyonthebasisofmolecularkaryotypeS，themolecularkaryotypeCan be  
VeryuSefulindetermintngthatthetrypanosomeisindeedamemberofthissubgenus・The  
relativestabilityofmolecularkaryotypesenabledⅥねitumbietal（1994）Ioshowthatdrug  
resistantT．evansIcanperSistinthesameLocaleforextendedperiodsoftime．   
rn order to maximize the benefits that can be derjved from the ana］yses of gene  
Organizationin chromosomes，it has become necessary（O deveJop chromosome－SpeCific  
markers，SuCh thatindividualchromosomes can beidentifiedirrespective of size  
fluc（ua【ions・Themarkersthathaveproventobemostusefulfor（hisaregenesdiscoveredin  

thecourseofstudiesonthebasicbiologyof7二brucei．Thenumberofmarkersthatcanbe  
usedfortagglngthechromosomeshasbeenincreasedmanytlmeSfoldbytheavailabiJityof  
T，bruceiexpressedsequencetags（ESTs）（el－Sayedetal．1995）．   
The ESTs are generated by sLngLe－PaSS SequenClng Of random cDNAs．directionally  
insertedinto a pJasmid．Normally，the sequenclngJS Performed from the5’end of the  
Clonedinsertsince（hisistheonenearesttothecodingreglOn・Overthepastthreeyearsor  
SO，WehavegeneratedESTsfroTT171brucei（Pjikengetal・1998）・Itisevidentfrom（heEST  
analysisthatanumberofthenove］genesfoundinthistrypanosomewl”beveryusefu＝n  
understanding（he biology ofthis（rypanosome and other parasitesthatcause diseasesin  
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manandlivestock．   

Co仇PafdvegerpmicsandhybTid血血n加siLico：Becauseoffunctiona）constrain（S・  
genesthatperformsimilarfunctionsindifferentorganismstendtobestructurallyrelated・  
Any differences that may be found when such,oenes are compared are often moree 
pronOunCedatthenucleotidesequencelevel（hanattheaminoacidsequeneelevel・Whena  
shortsequencederivedfromanESTiscomparedwith theothersequencesinadatabase  
suchas GenBank，hybridizationin silict）OCCurS鵬thallthe sequences thathave  
depositedintheda血bases・   
ThentJCleotidesequencesobtainedinESTanalyses canatbestbeonly98％acctlrate■  
However，thecompenSatOryalgorithmsofthecomputerprogramssucPasBLAST（Altschul  
etal．1990），uSedinthecomparisons，requireonlyashortstretchofnucleotidesequerrceto  
identifyagenecontainedinapleCeOfDNA・Thus，byalloⅥnginter－genOmeSequenCe  
comparisonsacross taxonomic boundaries，EST analysISis provlng tO be an effective  
alternative to thetraditionaJapproach toB印eidentification，in which onLy onegeneis  
cJoTtedatatime，Themqorityofgenesdiscove陀dthroughtheanalysISOfT・bruceiESTare  
tikelytokpTeSeIltalsoilけ・e用耶i・   

ESTatza＆sisd71bTuCei：ThecDNAlibraryweusedwasconstructedinlZAPII，from  
mRNA of T b．rhodesieTl．9e WRaTatl．24（Alarcon et al．1994；eトSayed et alL1995）、  
Plasmidsfrom thi51ibrary werc rescued en masse by co－infection ofbaeterialcellswith  
helperphage，Whichweresubsequentlygrownonp］atessupplementedwithamplCillin・The  
sequencingreactions（SangereIaI・1977）wereperformedonindividualplasmid cDNA  
clones，tOObtainapproximately400ntofTeliablesequencedata・Thesequencedatawere  
editedandthenusedasqueriestosearchtheGenBanku＄ingtheBLASTprogram（Altschul  
eta］．1990）．An EST職S COnSidered to have a significant matchifP（n）＜lxlO－5・In  
asslgmng Putative functionalroles to ESTswilich had significant homoIoguesin the  
databases．weadoptedthegeneralbroadcategoriesc・fcellularfunctionalrolesdescribedby  
Adamsetal．（1995）．   

RESUITS   

Atotalof2128independentrandomly selecteddircctionalcDNAcloneswereanalysed  
by sequence simi1arity searchesagainstthe GenBank database＄，mOSt reCentlyiTIMarch  
1998，uSingtheBLASTprogram（Altschulctal・1990）・Asacheckregardingthequalityof  
thecDNAlibrary，We determinedthe frequencywith which sequenceseneodimg afew  
knowntrypanosornalgeneswereeTICOunteredamongthe ESTs・ThisindlCaledtha（themost  
redundanthomoIoguesaretheritx）SOmalproteinESTs（7．9％），foIlowedbyaandbtubu］ins  
（3％）．Although the trypanosome from which thelibrary was constructed cxpressed  
predominant）yrnVAT4，differentVSGswerealsofoundamongtheESTs・Intota130VSGs  
werefo11rLd．nearlyhalfofwhichweremVAT4・Theotherswerc homologuesofVSGsin  
difFbrentVATrepertoiresincludingMrraRl，ILTaRl，BoTaRandAnTaR・   
IndividualESTs wereplacedinto putativefunctionalgroup＄aCCOrding totheknown  
functionofthemost＄1gnificanthomologueofeachone，Inthispreliminaryelassificationof  
trypanosomeESTs，eaChgeneorgeneproducthasbeenasslgnedtoonlyonefunctioTlal  
group，althoughonegeneorgeneproducIcanhavemorethanonerole・Theproportionof  
ESTsineachofthesixdifferentfunctionalgroupsissummarisedinthepiediagramshown  
inFigu柁1・   

如励血鴫血血閻和銅卿朗朋抑曙戯肌The－eWereWithineachfunctionalcatego町，  
ESTswhicharesignificantlyhomologoustogenesorBenePrOductswhichcant光  
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consideredinterestlnginthecontextoftrypanosomebiology・SomeoftlleSearelistedin  
Tablelandarenoteworthybecausethey：（a）shouldhavebeenfoundearlier，givcnthatthc  
PrOCeSSeSinwhichtheyarethoughttobeinvoIvedhavebeeninvestlgatedintheAfrican  
trypanosomes；and（b）could provide new and unexpectedinfo－mation about the  
trypanosomes・A BrOⅥng butincompletelisting of r・bruceiESTscan beviewed at  
http：／／parsunl．path．cam．ac．uk／est．htm．   
Weperformed both northernand Southern blot hybridizations，uSlng the ESTs as  
probes．These blothybridizationsconfirmed thattheESTswereindeed of trypanosome  
Orlgln，and cou］d be detectedin the trypanosome RNA or DNA under standard  
hybridi乙aIionsand postAhybridization wash condition＄．Additionally，many Of the ESTs  
identified genes雨Iich are transcribedin a developmentalstage－SpeCific manner，being  
presentinsomebutabsentfromother（ife－CyClestagesofthetrypanosome・   
Wesoughttodetenninethenumberofrandom ESTscont且inl－1gSequenCeSCOmmOn tO  
both T二evansiand T．bTuCei．Inserts offifty ESTs homologousto knowm genes were  
hybridizedtoradio－】abelledtotalcDNAofeitherr．bTuCeiorT・eVanSi，ShowninFigure2・  

A  B   

Figure2・InsertsoffiftyrandomEST写OfT．  
み「躍fwereslotblottedandhybndl託dwith  
radio－1at光11edcDNAfromcitherr．bhLtd  
（panelA）orr．押（mf（panel恥Thenlt郎  
WereWaShedwithO．1xSSC，0．1％SDSat  
65（℃，thenex鱒dtorilmror  
aut【1r如it）gr叩hyr（汀6hrs10C心血nth写  
autor如ip苔rmShown・  

Twenty ofthese hybridizedequally strongly（0the Tlevanst cDNA，aStheydidto the  
homologousT．bT・uCeicDNA．AmqiorityoftheremaininghybridizedveryⅥq：aklytothe  
evansicDNAsprobe，indicatingthaItheyrepresentraretranscripts．Onlyaminorityofthe  
ESTsdidnothybridizeatalltotheTevansicDNAprobe．Intheanotherexperiment，We  
usedo）igonucleotideprlmerSSpeCifictomolecu）esextensivelycharaCterizedinTbruceito  
determineifthe same molecl11escan be amplifiedfrom T二evansicDNA．The resultswe  
Obtained are shownin Figure3・ThcVAT primer，Whichformsthecoreofa sequence  
conservcdinthe3’endofal1TlbruceiVSG－enCOdingsequences，prOducedafragmentofa  
simi1arsizeinthecDNAofbothTlevansiandTlbrLLCei，Theproductfromthe TlbTuCei  
CDNAwasmoreabundant thanthaLobtainedfrom the T二evansieDNA，butbothwere of  
Similar si錐．This prlmer palris specificforthc Tbpanoヱ00n VSGs，andisexpected to  
amplifyal］VSGtranscriptswithinapoolofcDNAs．TheVSGssoamplifiedcanbecloned  
andsequencedinmass，al］owlngOnetOdeterminetheentirerepertOireofVSGsexpressedat  
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thetimetheRNAwaspurifiedfromtheparasite，  

Figure3，Massamp）iricatlon（）IsequenccsrroTTlejther  
T・eVm7SiorT・bnL（YitolalcDNA・0］jgonucl∝〉Lide  

一ト1・5 pnmcrss匹Cirjcrordit’1七陀ntgeneSSeqUenCeSinilia】1v  
idenLjllcdin7’・bnJ（1どiwereusedinthe＋anlPliLication  
OrLhesequerLCeSrrOmtheb］otx］stre肌Itbrmso［ei（her  
rわ川（■ピ才（）ー，r・ビV（川・扉，L且m謂1（〕ntalnSamplesas  
rol［ows：t，T・eVL7那icDNA，amPlifiedwithVAT  

一←0・75prlmer（TGA TAT Am TTA ACA CC℡）弧dtbe  
3’segmen10L■theminiexorL（ACA GTT TCT GTA  
CTA TAT TG）；2．T・bT7Jrej cDNAamPlifiedl用h  
VATpr］mCrar［d3’segmentoftheminiexon；3，  
T．bnI”icDNAamPlifiedwith Notlprlmer－a血ptor  
（CAA でTC GCG GCC GCT ワ℡℡ ℡℡℡ TTT TでT  
TT）andthc3’scgmcntofLhc中njexon；4・T・eVutLSi  
CDNAamplificdwithNo11pnmcradapLoTundlhe3’  
SCgmCntOfthcminjcxon；5．］’・eVL”L～icDNA  
amp】iriedlVith pnmers sFCil、ic r（）「【hc r．わm（■ビf  

homologue oftheJ℃αPtOr foractivatedprotcin kinase C，〔bigna暮ed TbRACK；6，7■．bnJCeicDNA  
amplifiedwiththeVAT prlmerandthe3■segmenLortheminiexon．lne乱山case，thecDNAs usedhad  
beensynthesizedby prlmingthe mRNA with Notlpr）mera血ptordur］ngthe rcverse trEulSCripLion10  
Slngle－StrandcDNA，   

DISCUSSlON   

Trypanosoma evansiand Tlbruceiare evo】utionarily very close to each other，both  
beingln the sarne subgenl］S・Since Tlhruceiiscertainly the beststudied ofthe African  
trypanosomes．reagentsderivedfromitshouldbeofdirectbenefittounderstandingofthe  
biology ofthe other trypanosomes，SPeCifica11y Tlevansi・The examples citedin the  
foregolngParagraPhsiuustratethewayslnWhichsucht杷nefitscanberealised．   
Oneofthereasonsforundertaking theESTanalysisof T二bruceiwastofindnewgenes  
Of this parasite and to make such genes genera”y avai1abIe for other studies．New  
trypanosomegenesfallinoneoftwobroadcategories：（a）thegeneswhichhavenotbeen  
identifiedbeforeintrypanosomes，butwhichhavebeenstudiedinanotherorganism；Or（b）  
BeneS Which have not been describedin any other organism and，therefore，have no  
homologuesamong the sequencesin the public domain databases・Among the ESTswe  
havegeneratedsofarare＞1000distinctnewtrypanosomegenes．Anumberofthesehave  
alreadyattractedtheattentionofinvest）gatOrSWOrkingeitherontrypanosomesoronother  
Organisms・   

StudiesonthebiologyofT，eVanSiwi11benefi（directlyfromtheseESTs．Weknow，for  
examplethatthemaJOrantlgendetectedintheseraofanimalsinfected by T：evansiisthe  
hsp70，aprO（einencodedbyoneoftheESTswehavecloned．   
WerecognlSe thatitwou］dbeimpracticalforasmaltgroup ofinvesligatorsoraslng］e  
instilutc to study allthe genes described here．Therefore，We enCOurage investlgatOrS  
interestedinspecificESTstorequestforthemin、Wit］ngOrbysendingane－mailtoeither  
P，M．（forinvestigators residentin Europe and（he rest of the world）orJ．D．（e－maiL：  
john－donelson＠uiowa．eduforinvestigatorsintheAmericas）．Alternatively．investigatorscan  
dowmloadthesequenceofESTsrelevan（totheirworkandusetheinformationtosynthesize  
Oligonuc）cotides for clonlng the corresponding gene by f℃R or hybridization・The  
informationdepositedatGenBankcanalsobe usedtoobtainthenearesthomologueofa  
geneofinterest；SuCh agenecan thenbeusedasaprobein heterologousscreenlngOfa  
recoLnbinanTlibraryLTheputativefunctionalgroupsintowhichtheESTsfalJrepresentthe  
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mqorprQCeSSeSOftheceIl；fromotherexperimentswedetermined thatsomeofthegene  
transcrlPtSaredetectableatsomelifercyclestagesandundetectableinothers・Suchpieces  
ofinformationindicate the possibLeinvoIvement of the genesin processes that are  
modulatedduringthedevelopmentalcyc［eofthetrypanosome・   
ThegroupofESTsthatholdsevengreaterpotentialisrepresentedbythe52％ofgenes  
Which have no homologuein the public domain database8．As additiona）information  
becomesavailablefromthe雨10legenomesequenclngOfotherorganisms，homoIoguesof  
SOme ESTsin this category wi11be found，thus dccreaslng with time the number  
trypanosome ESTs without homologuesL That smallnumberislikely to comprisethe  
traT）SCript8 WhicIlenCOde parasite－SpeCific proteins．The challenging phase of this  
investigation涙11beelucidationofthefunctionsofthesetrypanosome－SpeCificgenes・Such  
anundertakingbecomesfeasibleirlthefaceoftherapidprogressintheemergIngfieldof  
functionalBenOmicswhosegoalistheelucidationofthefunctionsofthenewgenes（Hieter  
andI）ogusb1997；McK鵬ick1997；Oliver1996）．   
Functionalgenomicsisnormal】yconducted jn amodelorgaminlSuChastheyeast S．  
CeTeVisiae，Whose complete sequenceinforma（ionis nowavailable（Meweset al．1997）．  
Indeed，yeaStisincreaslnglybeinBemPloyedintheelucidationofanumberofbio］ogical  
phenomenawhichcould notbeeasily approachedin some organisms．Theseinclude（a）  
assaysondrug／reSistanceinPhlSmOdiumカh：如rum（Ⅵbodenetal・1997），（b）isolationof  
gene＄enCOding secreted proteins（Jacobs etal．1997；Klein ct al．1996），a几d（c）the  
idemificationofinteractingproteinpartners（Gietzeta）．1997）．Ⅶththe（rypanosomeBeneS  
athand，itshouJd bepossibletoincorporatetheparasiteinthisnewfield of functiona）  
gel】Omics．   
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