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ABSTRACT  

Six specleS OfLinsect trypanosomatids ofthegenus Crithidhwere a血yzed usir）gdi飽一印t  
biochemicalandmolecularbiologytechniques，SuChaskinetoplastDNA（kDNA）restriGtionpattern  
anabsis，kDNAcro5S－hybTidizations，ZymOdemean扇ysisand，COmPuteranabsLSOfkDNAminicircle  
SequenCeSfor∈fhsckuIataand巳oncopeM．Ourresultsindicatethatei金型虚and仁oncopehihave  
Widelydルerged丘orntheotherspeciesweanalyzed，SincetheirkDNAdidnotcrossThybridi2eW［ththt  
舟omtheother画indicatingthatagreatdiv禦OfkDNAsequcnceshasoccurrcddunngthe  
evolutionofthisgcrrLu CompansonofkDNAmiruCLrClesequencesor⊆＿fasciculataand∈oncope摘  
丘om the hterature，Showed no signincant scquence honTOIogyCOrrOboratmgsome ofour data  
R油onproⅢesofkDNA丘omthedi取rentspeciesshowedTWgenOtyPicsirnilarhythussupponhg  
thesta山SOfseparatetaxa furthermore，rK）CrOSS－hybridizationwasdetectedbetweeT）kDNA丘om  
paraSitesofthegenusCrithidiaand kDNAfromparasrtes ofdi飴rentgeneraofmonogenetkand  
digenetic trypanosomatids sudlaS HerDetOmOnaS，Bhstocnhidh，Trvtmsoma，Leishmania，  
EndotrvDanumandPhvtomonas，  

mODUCTION  

ThenagethteskinetoplastidsthatconstitutethefhmilyTryparlOSOmatidaehavelongattracIed  
curiosity＿IhgeneticmembersofthishmiけarebeingintensIVeIystudiedastheyarecausatⅣeagentSOf  
veけS血Mamい山despreddiseas郡山ma血a血nak犯止那届shma血ska山人桁c細a血Soutト  

AmcBLn坤panosomiasis（Vi止erman1979）．Trypanosomatids of the genus Phvtornonas are  

assodated with diseases ofcoげ由，COCOnut and ou palm，belng tranSrmtted to the phnt host  
hemlpteraninsects・In rec印t yCarS，theinterestin ceuuIar and molecuIar bio）ogicalstudies of  
t叩nP叩m鵬dshぉ山細山creasdbecau強ばIkpres帥Cらhthe詑Or即皿叩埠Ort鵬khet叩l担t  
DNAwhichpossessessomeveryunlquefbatures（SeeSimpson1986and1987fbrreviews）・The  
kDNAis o増aniヱed by catenat10n Of thousands of circuhr DNA molecules（maxicircles and  
mhicircles）．TheminicircLesareresponsibiefbr80％ofthema∬OfthenetwoTk，Vaqinghsize丘om  
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HETEROGENEITYIN THJ：CRJTH］DJA GENUS  

about400basepairs（匝）hlTTVDarK）SOma鹿to1400bpinTrvtmsorrn由andto2500bpin  
Crithidiafascicuhta Themaxicirclesareequivalenttonhtochond血1DNAandarepresentinabout50  
COPiespernetWOrk．1thasbeenTeCOgnizedthatkDNAminicirc］escontainbetweenonejmdfbur  
COnSerVedregIOnSOfabout100－200bp（nihlrePeatS）permolecules，dependingorlthespecies・These  
sequerues aTe nOt COnSerVed between the di晩re両genera Of－trypanosom射ids．However，eaCh  
COnSerVedsequencecontairLSa12bpsequence（GGGGTTGGTGTA）which hasbeenrecognizedinall  
minlCirde sequerm frornal］trypanosomatid speCies and has been pointed out as the origin of  
TCPuCation（Birkenmeyereta］．1987），ThekDNAof仁fhscicuhtacontainsaround5000moleculesof  
minicircles・Sugis油andRay（1987）deschbedastrain（CF－Cl）ofthisspeciescoや止堅anedy  
homogermpopulationofkDNAminlCirclespresentlr）gtWOCOnSerVedsequencereg10nSindifrtrent  
kDNAminlCirdechsses．eachcontainingasinglecopyofthe12bpunlVerSalsequerm Othervery  
un）qUe fbatures Hke DNAbending and RNA editmg havefurther stimulated research on these  
organisms. 
The monogenetic or Mlower”trypanosomatids are parasites ofmany di晩rent ordeTS Of  

anhropods such as Diptera，HentLPtera and a］so HymenOPtera，Lepdoptera．Orthoptera and  
Siphonaptera The specLeS Of”lower”trypanOSOrnatids described so fhr belong to the genera  
HerDetOmOnaS，Crith浦a．Blastoc血hidはandLeDtOrrLOnaS（Mcghee and Cosgrave1980）＿These  
parasites o飽r rich materialfbr the study ofthe evo［utionary processes ofparasitism and the  
Phy］ogeneticretationships．  
Thetaxonomyof‖lower‖trypanosomatidshasbeenbasedmostbTOr）Ce11morphology，host  

range，1ifecycleandgrowthconditionincultures（Wallace1979）．Noneofthesecriteria，however，are  
in以Libleandtheycankadinsomecasesto仙emisidentincat10nOfisolates．Itisnotuncommorlfbr  
trypanosomatids to be reclass摘edin di能一甜t genera after Rlrther studies（Roitman et aI．1976）・  
BiocherrtLCa［methodshavebeenusefuLbothfbTidenti鮎ationandcomparisonofdi蝕rentiso］atesor  
fbrspeciescharacterizationincaseswhereclassicalcnteriaprovetobeinsu餌cient（Camargoeta）．  
1982）．  
Recentworkonbiochemica］analysis，SuChasisoenzymeelectrophoresis，kDNAhybridizat．on  

andkDNArestnction丘agmenlpatterns（Moreletal．1980，CarrLargOetal．1982，LimaetaL1982，  
Momeneta］．1985，Pachecoeta］．1990aand1990b＞Kolesmkovetal．1990，Mottaetal．1991）bave  
showntheusefulnessofsuchmethodsfbrthestudyofdi能renttrypanosomatidsatthepheTWtypicand  
genotypiclevel．In addit10n，the nndLng Ofbacterium－uke endosymbiontsin the cytopl且SmOf∈こ  
OnCOpeM（Newton1957）ande＿虫旦週（Mundhetal・1974）opensaninterestinginvestigation爪eld  
fbrthestudyoftheinterreIalionofthreedistinctgenomesinthesameceu  
ThispapershowstheanabsisofsixdiffbrentspecLeS，describedasinsecttryparLOSOrrはtidsof  

thegenusC両h油abybiochemica］andmolecuhrmethodsandtheeva］uationofgenotypicrelationships  
arrmngthediff＆entspecies．Moreover，aValIab】einfbrmationonreportedkDNAmimcirdesequences  
Of⊆＿fhscicutataand仁oncope摘hasbeenanalyzed bycomputerin orderto extract cornmona  
dルe唱即t如es・   

附TERIALSANDMETHODS  

l．Para凱teS＿  

Themonogeneticanddigenetktrypanosomatidsandyzedinthisstudywere：HerDetO  
Samue］DeS犯ai（ATCC30252），BJastocrithidia⊆主通由（ATCC30268），Cdthidh thscicutata（ATCC  
l1745），仁虫延長皇（ATCC30255），仁土地（ATCC14765），仁oncopeM（ATCC12982），e．貞盛由  
（Sibajevetal・1993），∈guifhernwL（Soaresetal・1986），LeishmarmmexicarLa（MNYC侶Z／62nd379），  
TTVDarmma旦型萱主（Ystram），Phvtomonas虫yidi主（ATCC30287）andEndotrvtmmscbaudinni（M  
217）・ThesestrainswerecryopreservedasweT］asmaIntalnedbyserialpassageinliquldcullur郡hthe  
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Dept，OfPro10ヱ00logyoftheOswaldoCruzInstituteandattheInstituteofBiophysicsattheFederal  
UniversityofRjodeJaneiro（UFRJ）andwerekindlymadeavai］ableforthepresentstudy．   

2，Extr且CtionofkDNAandrestrictiondigests．  
Extraction且ndpurj瓜cationofkDNAandanalysisofrestrlCtionprofi）es（schizodemeanalysis）  

WereCarriedoutaspreviousIydescribed（Goncalvesetal．1984；Pachecoetal．1990a）．ThekDNA  
preparationsweredigestedwiththerestdctionenzymesRsal，MsplandHaelllat370Cfor3hinthe  
appropriatebu飴rs．The restriction丘agmentswere separated by electrophoresisin5－10％1ineaT  
gradier）tpOtyaCry】amidegelsandstainedwithethidiumbromide，   

3．Hybridizations．  
DNAsamp】eswerc，PriortoapplicationinNylonmembranes（Zet叩rObe，Biorad），denaturedin  

O．4NNaOHandappliedurlderlowvacuumusingamanifbld（Schleicher＆Schuelllnc．，Ⅹeene，NH，  
USA）．kDNAwasradiolabeledwithalpha32PdATPusir）gtherandomprimermethod（FIOCRUZ，  
Brazil）toaspecificactivityofaboutlO9dpmperpg．HybridizationcondjtionswereasfbIlows‥  
membraneswerepresoakedfbr2hinO・6MNaCL，0・12MTris，4mMEDTA，0．75％no－l一触milkarld  
O．1％SDSatroomtemperature，andthenin hybridiza（ionsoIution（（hesarnecomponentsaboveplus  
50％formrideand6％PEG）for40minat420Cpriortotheadditionofthedenaturedprobe  
HybridizatlOnWaSCarriedoutat420Covernightandmembraneswerewashedinitial］yin2ⅩSSCfbr  
20min at room temperature and then3timesin O．1X SSC，0．5％SDS at56DC fbr30min，  
Autoradiographywasdoneovernightwithanintensi吋ingscreenat－700C－   

4，Zymodemeanalys】S．  
Zymodeme analysis was perfbmled as described previously（Momen et a）．］985）．Eleven  

di蝕rerLtenZymeSWereanalyzed，reSpeCtively，PGM（2・715・l），G6PdH（l・l・l▲49），6PGdH（1・1・l・44），  
GPl（5．3．l，9），M玉（1．1．1．40），FUM（4．2．12＿1），PEPl（3．4．1l．1），EST（3．1．1．1），1DH（1．】．1．42），MDH  
（1．l．l．37），andACON（4、2．l．30），   

5．Numedcal（cladistic）analysis．  
Thedataobtained丘omisoenpeselectrophoresisinagarosegelspermittedaphylogenetic  

analysISOfthesamp］es，uSlngtheafgorithmofW且gnerLThedatamatrixwasbasedonthepresenceand  
absenceofbands，andthemostparsimonioustreewiththesmal1estnumberofstepswasconstructed  
usingtheMTXprogram打omthePhylipSoftwarePackage（Felsensteir11989）・   

6．CornputeranaIysISOfkDNAminlCirclesequences▲  
Sequenceana】ysISandalignmentwerecarriedoutonanVÅXMX－750computeruslngthe  

programsCompare，Dotplot，Bestnt．Gap，PrettyandPileup舟omtheWisconsinGene（icCornputer  
Group（GCG）package（DeYereuXetal・1984）・The辿適kDNAminicirc）eseqヮencesusedinthis  
studywereasfbllowing：∈hscicuhtallBLnd12：巳fhsciculatastrainCF－ClmaJOrSequenCeClass  
（completeminicirclesequence，2515bp，GBaccessionnumberM19266，ClonespCFK128and120  
respective］y，Birkenmeyeretat．1985．SugisakiandRay1987）・巳fhscicuhta21and22二仁fhscicuhta  
isolate（partia［minicirclesequence，Clo云epm軋Masloveta］．1988）．仁fhsciculata31and32＝巳  
伽cicuhtastrainCF－Clminorsequeneecla5S（partialminicirc］esequenc竺，C］onepCFK37Sugisakiand  
Ray19＄7）．巳fhsciculata4land42：GLfhscicuhta strain CF－ClmlnOrSequenCe Class（partial  
minicirclesequenc竺，ClonepCFK23・SugisakiandRay1987）・仁旦幽strainSO68・4（completcor  
nearlycompletemlnicirclesequence，184＄bp，GBaccessionnumberX17109，Pestovetal・1990）・  
Other published E fasckuLata mirlicirc］e鮎BrnentS COntained bent reglOnS but no conserved  
sequences（M13681，Kitchinetal．1986．M注Slovet且1・1988）・  
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RESULTSANDI）lSCUSSlON   

SchizodemeanatysIS．  
FigurelshowsthediversltyOfthekinetoplastgenotypICPatternamOngdi騰rentspeCiesof  

C仙asrevealedbykDNArestrictionana］ysis．Each speciestestedpreserlted un］queandvery  
distinctpro創es，thussuggestlngthestatusofseparatetaxa，AmorecomplexproLilewasobseTVedin  
anisolaterecentlycharacterizedasanewspeciesC＿ricardol（Sibqievetal・1993）・  

Fig，1Electrophoresisina5－10％polyacrylamidegradientgelshowingkDNArestriction鮎gmentsof  
difrtrentCrithidほSpeCiesatlerdigestiorlWiththerestrlCtionenzymesRsaI（A），MspI（B）andHaeIII  
（C）▼1）ETfascicu】ata，2）Ericardoi，3）仁旦担痙，4）∈地，5）∈⊥OnCOPeM，6）Gi印ilh即Ⅷ扇．All  
SpeCiesweTealsotreatedwithHaetll（resultsnotshown）．  
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虹椚Across一吋bddi加on 
Cross－hybridizatk）n eXPehments between kDNA ofthe di鞄一印t SPeCies yielded di恥rent  

intensitiesofhybndizationsiBnals，re鮎ctingmostprobabb・degreesofnucIeotidesequencehomology，  
as shownin6gure2．IfkDNA minidhiLc sequ印Ce homobgy reflects an evolutionaTy dos訂  
relationship，SuChwouklbethecasewiththespeciesC血hidh免sdculata，ei地eidcardoiandCi  
享画1hermei．Surprisin由y，kDNAfb皿E，OnCOpeⅢandeL旦型呈didnothybridizewithkDNA丘加I  
anyother画esamlyzedinthi＄C両hidねgr叩，indicatlngamuChBreaterdhergerm加thcse  
SPeCies．Moreover，TWhybridiヱations画isdetcctedusinBlabeledkDNA丘omrepresentativespecies  
ofC血hidiawhenprobingkDNA飢）mOthergeTmOfmonogenetlCanddigenetktrypanosomatids  
SudlaSHerDdomonas，Blastocrithidh．Leish汀血一転Trmanosoma，Phvton10naSandEndotrvDanUnL  

Fig．2DotblothybTidizationsho扇pgtheresultsofcross－hybhdizationsagalnStdisthctmonogenetk  
anddiBehetictrypanosonutidsusingtotalkDNAorCrithidほSpeciesasprobes・  
Prob郎二巳偽sciculaは（け巳oncope帖（Ⅰ住仁血ardoi（m），巳抑i（ⅠⅥa血巳虫垂鹿皇M・   

lA－HerldomonassamuelDeSSOai 2A，Leishmaniamexicana  

lB一別a釦OC刑dh呈出由   2B－TⅣmm聞m里迎盛  
1C－Cr糾IidiafhscicuLata  2C－Phvtomonas幽  
1D－⊆＿虫旦墜主  2D一別otn・m血udinni  
lE－⊆＿！曲  
1ト⊆＿OnCOpd再  

IG一己血rdoi  

lH－⊆L鱒ilh訂m扇   
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Numericalanalysis丘ornzyrnodemedata．  
Figure3showstheisoenzymOgramSObtainedwhentheCrithidiasampteswhereanalyzedby  

agaros¢gelelectrophoresi5・  
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Fig，3DiagramshowlngagarOSegele］ectrophoresISfbr11enzymaticsystems・1）C rkardoi．2）∈  
鮎cicuhta．3）C deanei，4）C．orKODelti，5）CJucHiaeT  
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Figure45howsthecladogramobtainedusinglSOenZymeelectrophoresisdata翫・mlldif托rent  
enzymeS，aSindica（einMateria7sandMethods．Onecan observelhatCrithidiaoncope摘fbrmsa  
SeParategrOup丘omtheotherspecies，ShowlngparaPhyleticproperties．e＿払sciculata，巳地E＿  
企邑蛙皇and巳ricardoifbrma monophyleticgroup．Theisolate仁旦pWaSreCentlytyf）edasanew  
SpeCies巳血ardd（Si叫evetal．1993） 

Fig．4Cladogramobtainedus－nglSOenZymeelectrophoreticresults・TheunrootedWagnertreeuslng，  
30steps，血owsphyLogenelicrelationshipsbetweenthe5Cr仙叩eCies 
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ComputeranaTysISOfkDNAminicirclesequences・  
Figure5showsdotplotcomparisonsbetweentwo⊆－fhsciculataminicirc］es，Showingsigni琉cant  

homologyandthepresenceortwoconヲerVedregions（minir甲eatS）ineachmolecule（regionsll，12  
and21，22）・Ontheotherhand，COmpanSOnOfthe⊆一些旦匹吐iminicirclenucteotidesequeヮcewiththe  
mostcornpleteeifhsciculatasequenceshowsalackofsequencehomo］ogy・ThisreglOnar．dthe  
corresponding⊆＿fhscicuhtarepeatshavebeenaligned，aSShowninfigure6・  

Ⅸ爪咄汀凱血岬脚輝‖／1LP■i【山＝占・220  
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rh血．血んId川l【l轟厄dl．1l、2．51ちbp  
e．11血相■！1■Cl、⊂ql■k丑山いl乙ち】5もp  

Fig．5Compare－dotp］ot analysis usingawindowof31ntand aproportionalmatchof19／3l・A）  
comparisonbetween（WOminicirc］es丘omdi飴rent仁鮎ciculataiso】ates（M19266versusMaslovet  
al．1988），B）comparisonbetweertaE＿fhscicuhtaminicircle（M19266）anda∈＿OnCOpettiminicircle  
SequenCe（Ⅹ17109）・  
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1  50  
GGGBGGTTTC SGGGTGCCCG CGAAATAでCA GAAATGGワCT CGGGTAGGGG  
‥．GT．G‥で G……… ‥．‖．．．‥  

Consen≦；uS  

C．fasciculata ll  

C．fasciculata12  

C．faさCIculata 21  

C．fasGIculata 22  

C．fasc土culata 31  

C．fascl（コulata 32  

C．fasciculata 41  

C．fascIculata 42  

C．cncopelti  

Consensus  

‥CT．A‖．．C．．．GT‥‥  

．．．で‥，．．G G‥．‥‖．  

‥でC．A‥．．C．Å．GT‥．  

．．．でC．．．Cで G‖．‥‥‥  

．．でC…… C．．．GT‥．．  

．A．C．AGC．．C…．で．．‥  

T．AG‥G‥T G…‥－T‥  

T．．G．‖．‥ T．．．G．で．．C  

…‥A…．‖‖C……．．‥‥．．．  

．．…………C‥．．．1……‥．  

‥．．．‥．．．．，．．C－…‥－……‖  

……．… …．C．……．……．  

一－．．CT．．．－．．．  

AA‥．Gで．TG．GGT．TTGG．でTT‥‥．．．  

100  

TTGATACAGG AAATCCCGTで CAAAAATGGS  
51  

CGTTCでGCGA AÅATCG諷CTT  

C．fasc土culata ll‥‥‥．．‥  
C．fascIculata12．‥‥‥‥．  
C．fascIculata 21．……‖．  
C．fasciculata 22．．．‖．．．．．  
C．fascIculata 31．‥．‥‥‥  

．G．C  

．一CG  

．G．C  

．－CG  

．G．C  

．一CA  

……GG．．  

C．fascIculata 32 ‥  
C．fascIculata 41 ‥  
C．fasciculata 42 T．  
C．0nCOpelヒi   

…… ……GG．．  

．AA．．T Tでで‥．GGGG  

‥．CCG  

．．．．．．．T．C  

．Cで‥‥．．A C℡で．．‥C‖ A．C．Tで．T．G  

150  
GCAAACTGGG GATTTCCGGG GでTGGTGTAG  

101  

Consensus WGATTででででC AAでTでTGGAG  

C．fasci¢ulata llA．－…．C‥ G．‥‥‥  

C，fasciculata12 つ1……… ∴‥．‥‥．．  

C．fas（〕1culata 21A．－‥‥C．．‖．‥．で‖．  

C．fascIculata 22 ワ‥．‥‥．．．．‖．‥．  

C．fasciculata 31Å．－…．C……‥T．．．  

C．fascIculata 32 G．で…‥Cで ……T‖．  

C．faさGIculata 41で……… …．G‥．．．  

C．fasl＝1culata 42 －……… G‥．．‥‥．  

C．0nCOPeltl  cc．．．．．AG．GG．‥GC．GA  

‥TCGGCで‥  

…．GT‥．．  

．で．G…… ……A．．． …‥‖．G．  

…．GT……．C．G………．‖．  

．．‥‥C‥， ‥‖…．．．．．．．．‥‥．  

CG…．CT．．CG‥．GGA………．TA  

185  

GワBでTBBGGG GでででY  

．．C．GGC．．．．G．．C  

‥CC．GÅ… …CC  

CGで‥CC‥．AC‥T  

．GC．CCII．‥ C‖CC  

C．GGATCT…．C．で  

．．で．．CC‥．T．．CC  

‥C．GGGA……で  

．AG．．TT．……T  

．．TC．GG．．．T．CCG・  

151  

Con∈；enSuS TATTCYGGGG TYBBGGGSGG  
fasciculata ll．CA．TCCT‥ GTCC‥．C‥  C
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C
亡
C
 
C
 
C
 
C
 
C
 
 

fasciculata  
fasciculata  
fascIculata  
fascIculata  
fascIculata  
fasciculata  
fascIculata  
OnCOpeltl  

12 …．TCで‥  

21 G‖．．C‥．  

22．．．．．T．．．  

31 …‥で‥．  

32 ．．．‥T．．．  

41．‥．．Cで‖  

42 ．．．A．T．．．  
A．．AGG．ワ．  

．CCG．－－－  

GTCで‥．G．T  

．CGG．一A（：C．  

GTCT．．．G．T  

．CGGA．．CT．  

GGでC‥．T．．  

．TTT．．．CC．  
．G℡℡でTAG．．  

Fig・6 MultiptesequencealignmentbetweerLtlle巳fasciculataand仁oncopeltiminicircIcconscrved  
reglOnS，numberedasinMatehal且ndMethods．AconsensussequencewasdrawnatthctopusIng  
UPACambiguitycodeswherenecessary．DotsindicatehomoIogytotheconsensussequence，dashes  
indicatedeletiofdinsertions．The．’universaI12－merSequenCe’’isunderlined 

7タ   
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lnthisstudyweshowedthegerTOtyPicdiversitywlthinthegenLnCrithidlauSinganumberof  
di能rentmethods．Firstb．accordingtoourhybridizationexperiments，kDNA血1nicIrCles（COnSerVed  
reg】OrLS）did not cross－hybridize between、reSpeCtively，E＿OnCOPe侶and∈麺iand the other  
地speciesanaLyzed．SomeofthlSdatawerecorroborated，bycompanngprev10uSレPubHshed  
mヤCirc］esequences、bymu坤1esequencealigrmentbetweenthe仁塾幽and∈一也四匹地  
rrurucirc］econservedregions．ToourknowkdgeeLght⊆hsciculataandone仁oncope侶minicircle  
completeorpartialnucleotidesequencecontaimngconservedsequerKeShavebeenrepoTted  
literaturethusfhrPezepkinaetal1984；Masloveta］．19錆：Pestovetal・1990）・Thecortserved  
TegionlWhichshowabout80－100％intra－SPeCleShomologyaTethoughttocontnbutepパmarytothe  
lntraandinterlP㌣ieskDNAhybhdizauon扇ghats，Whl［evariableregionsprobabLyonlycontribute  
wherecertalnnmCirclesequencecLassesarecommontoisolates＆omthesameanddosetyrel  
speeies．ln仁鮎c血tatwocoTtSerVed sequenceregionshavebeenidentifiedin difrerentkDNA  
nhnicircleclasses，eaChcontainingasng］ecopyofthe12bpuniversalsequence・Molecules＆omthe  
maJOrClassinisolateCF－Cl（SugisakiandRay1987）areaImosthomogeneoush 

． 

SeqワenCeahgTmentCamedoutin血study（seeFig・6）・mヤrepeats鮎mtherninorsequermclasses  
（reglOru3l132141and42）or什om 

， 

correspondingto且mm］repeat，basedonthepresenceofaGGGGTTGGTGTA［ikesequence，hcking  
slgn描canthomoLogyLolhecorrespondingE＿fhscicuLatasequence・Weconcludetha［the⊆＿OnCOPeltL  
sequenceseemsonlydistantlyrelatedtothe仁fhscicuLatasequences、anObseTVationwhichwouhl  
becoTrLeeVenmOreaPParentirwewouldconsidero山ythecentra），mOStCOnSerVedpartof山emu  
atignment．  
Secondly，CrOSS－hybridization anlOng kDNA丘om the speciesEp fhscicutata．巳1曲．巳  

gtHIhermeland仁工麺1indicateastrongersequencehomologybetweenminLCirclesmolecu］esof  
thesespecies．ThestrongerTeaCtionobtatnedwhenE＿1曲washybrldized wLthprobes丘omother  
SPeCies（F唱12）isprobablyduetoagreaterquantityofkDNAspottedonthememb㌣e・Although  
thesespeciescanbereadiLydistinguishedbythedifferenceobservedinthejrkDNArestrictlOnPatternS，  
thussupportLngthelTStatuSaSSeParatetaXa，theyconserveoverarlsequencehomologysuggestLnga  
cLosephylogeneticrelationshipThegenotypicheterogeneLtylnthegcnusCrithidhobservedinthLS  
Study para］1e】s the study ofKo［esnikov et al．（199O）who alsoわund，through kDNA an如yses，  
corLSiderableheterogeneLtyinthegenusLet］tOmOnaS．ThepicturethatemergesfTomthisdivers吋，also  
relnLbrcedbyCamargo ctal・（1992）、isthatCri仙idはaSWeI］asLeDtOmOnaS do not appeartobe  
precisegenerabutrathergTOuPSOfspecleSCOmPLexes，  
Thc ctadistic ana］ysis based on the results ofisoenzynほe】ectrophoresis showed或m混血ty  

between∈地主and∈Ticardoiwhich fbrmed a rrK）rK）Phy］etjc group whh E地and仁  
hsciculata Ontheotherhand，Can一打gOeta］・（199O）basedonbiologICa］andbiochemicaIeⅥdence  
SUggeStthat∈＿旦拠isaveryatypica］speciesanddoesnotfitine■therCr仙K梅orHerDetOrnOn廻  

genera Some ofits moTPhoIogLCaland b10Chemicalfeatures are due to the pTeSenCe Of an  
endosymbiontinitscytoplasm（SeeCamargoetal．1990）．  

Ourresults also corroborate the repo丑S n．Om Lima et al．（1982）aT適Motta e（a］．（1991），  

5howLngthat∈fhscicuhta．∈趣and E＿gu‖hm aregrouped．wlth∈＿OnCOpe損rema血喝  
OutSidethegroup，A］though thepresenceofbacterium－】ikeendosymbiontsinthecytoptasmofboth仁  
由旦ロii（MundhT・etal・L974）and仁oncopeltl押ewton1957）canbeconslderedasyrLapOmOrPhy．as  
hasbeensuggestedbyMottaetal・（】991）1thisfeatur竺COuldalsobearesultofapara］televo山tion－It  
isnotataIlunexpectedthatthegenusCrithidlaC｛・mPrlSeSOrgamSmSOfwIdelydiversenature．asthus  
farno爪netaxorumic and phylogenetic studies wjth severaldi什brent and sensJtivetooIshavebeen  
undertaken・Jb血ysesorendosymbiont一打eelirheageStOgetherwithanentargednumberofiso】ateswIL］  

、■l・l   
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Rlr［hercontributetoabetterassessrnentofthephy］ogeneticrelationshipswithhthisandolherg印era  
OfmonogenetictryparLOSOmatids 
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