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cOMPARISONOFTYPEANDFREQUENCYOFCHROMOSOMEABERRATIONS

BYCONVENTIONALANDG-STAININGMETHODS

INHIFIOSHIMAATOMICBOMBSURVIVORS

広 島 唐 tI鼓 i7着 に お け る 染 色 体 異 常 の 唖 頴 と 頻 度 の

通 常 法 及 LfG-分 染 法 の 川 用 [=よ る 比 較

KAZUOOHTAKl.BS (大泊一人).HAClllROSHIMt〉A,MS (悼 姫八郎 ),

TOSMOSOFUNl,ScD (阻'j(lLi性錐)暮,AK10A AWA.ScD (F4･広丘大 )

DepD〝mEnlOFC7Lr･MILQbo,DIOrTES
t.tL～こ.:T

SUMMARY
SomatlC Chrornosomcs denved rTOm CuJLured

lymphocyt亡SOf23atomlCbolllb suJYl,0'rsor
HlrOShlmaVCTearLiLyZedLodctermlnethH ype
andfrequ印⊂y OfradJatlOn一lnduccdstrucLuTal
aberrallOnS.I)SIJlg ln SrquenCe Lht■ordlrLary
stalnlng method (0-me(hod)and the trypsln
C'-band】ngmethod(G-method) Of896cells
examined,342wercfound10COntalnInduced
abemnlCnS,1nCludln1 31ccllsLn Which the
prectseld亡nl】rlCauOnOTthetypeofaberTaLIOnS
wasnotpoSSlbleevenbylht･C･melhd

ThentJmbcrofchroITlOSOmeabeTT.1LIOnSObserved

was376lrlthe3H cellswhereaberrantpreClSe
ldenLlrlCatLOnWasPOSSlbLc TheTTlaJOrlty(288or
766%) were lnLTa1 0r lnLeT-Chromosom.ll

symmctrLCeXChiulgeSduetoalwo･bTeakevent,
wh)leonly 24wer亡found lo ht:asymmelTIC

cxehanscs (dlCentr)CS, nrlgS,and lJlterSH】al
delet10nS) Furlhcr,therewere28aberrat10nS
shovlngaCentnCrTagmen15andLtLrmlnaldelctlOnS,
andther1-maJnln836WereCOmPkxlnua･and
lTILe卜Chromoson alcxchaJlgeSInVOIvlngLhrccor
rnoTe breakswhlCh resultln =15ertlOnSand
doubktranslocatlons

A comparatlVekaTyOtyPeanalys)iofthesame

metaphasescxamJnedbythesequentJal0-aTld
GITTtelhodswasCarnCdoutlrldcperldenlLyon

要 約

Lと砧の暗伽 拝qtt;2:l汐Iの蛸 葬リンパ維5･FFl'-､て.

L与桁屯の放 射線 Lt轄推 娃色 作米兼J)縄ytとJA轄ー

ついて.遵瀧 u ⊂トリフノ'(,-/JT企.上LC'L､をf#Jll

Lで比lク締対 し/V '/TM;LI_896佃 7)附伯 の 7ち

L1-也ltjtL.?.色 も･ノ削脂.≡3′12mLrあ )/L _のLhJt

(,u tL_-JllrlTi,鞘.常の捕fLlを判別 L'･ヽ lヵ一′/細胞力

31他3,つ7T

(..上で 軍需 のft机のTqPl.か ,･T能 ･'.311伽の紳 拒 二

y_I)Ll/I37r)胴のsl!色 捗胡 常 :二一)一､こ..tfヰ l一帖JYL

_/_ {のノ､†Ⅴ',I(2fS8個 .766%いi ･A色付h

z仙グ)U)断 に11】黙 !っ炎色lHJ]丈Llk.也tM H′りfT.i'[

作 大横でrrlめ･-,Ll 非書目件作 ･j:挨 t 荊Eも=ti･去吐†'.i,

明代 娘色 FI･ ･11IZnlち欠失lH fか21胴でi-

RFz_Ll色IIKnLI･:,速E3.IJL失.-,28f粥IrJ -:･L').ヱえー

3脚Illの UuPT.r･/.<rMTL=形蛇Lt･tて,'抽 入ノ4L柁

l･咋 /.との上た色作F11丈ll琉lirtlZ;Iの撫椎 /ilt.1Tt.

禎常.上こし..)の水色lI)!.I.,.Ll)川'JLこitlIlllか北山lる

′一/)lt,L'zJ-CIね こ_-)日で内iLをtF州 LI'JldrLl_

'Dn･zs'ono/AlzJtDF'nEl'1.8'doE'EDtSP/LryR 6EWEllC帥/E,,NoII仰DIInsT'TL･T亡QlFlypen･rScTEnCE･.TokJ.o
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361aberrat)ons,mostlyofthesymmetrlCtype
EtwasfoundLhill78(2L6%)orlhe361were
detectedonly bytheG-method,amongthese
were 14 paraccnLnC ln､erSl0nS,48 recIPTOCal
lnteT亡hanBeS Or ChTOmOSOrne Segments WIth
elthcrcquaHL･ngLh(1I)oruncquaHenglh(37),
]4 rnlTIOTdeLetlOllSand2coTT.P]exrearrange-
m enLS,allofwhJChwele爪eYCrthelessJudgedto
fallwlthlnthenorTTlahaTlSeOrYanaIl0nbythe
0-method lnconLTaSt.25abeTratLOnSdelectt:A
ln0-method chromosomesvhl(:h were OYer-

conLraCLed or twISLed.WereshowTltO hare
rLOrmllba爪dln宜PaLLemSbytheG-method

lNTRODtjCTION

Radlal)oJl･lnducedchtomosomeab亡rratlOn5arC

knowntopersIStlmClrCulatlI181ymphocytesof

HlrOShlmaaTLdNaPSaklA･bombsuryIYOrSfor
moTC LhaTLthreedBCadcsaTtcrladtatlOntXpOSLJre

ThefrequencyOftheseab上rrantCtltsproyedto
bcproportionaltothecstlJmleddo虻 reCelVed
byeachlndlVlduall･t Furlhcrmo-C.syTnTT"tnC
atKrratlOnS,SuchasTCCIFIrOCaltr帥 SloCatlOnSand
pencentncLnVerSIOnS,Werer()urldtopTedomJ-
naLeOveraSymmetnCCXCharlgeS(dl.:CnLnCSa･ld
nngs).aTLdtheformeraberTat)OnSWerethernaJor
coTnPOnenLSCOntnbutlJlgtOthedose-3tKm Ll亡,n
relatlOnShlP

Heretofore the usefulness or asymmeLEIC
abcrratlOnSWasCOnSldercdtobeamoresenslt一VC

llldlCatOr for tva)u111nB the dose･abeTTatlOn
resporLSO than SymmetnCabefratlOnS,because
thelatterWereJIOteasilydetectable.and the

expeneTICe Ofthe mlCrOSCOPIStmay further
lnntJCnCetheobserycdresults

Recently dcyc)oped bandlng methods for
ldcrLt)fylnglrLdlVldu8lchTOmOSOmeShaveenabled
ustodetectmoreaccll(atelyandob)ectlVelya

yanetyorradlaElOTHrLducedstnlCttlralrearrange-
ments,aTtdsometypesofsymmetncexchanges,
pTCYIOuSlyundetectablebythe0-method,Can
nolVbeldcntlrlCdbythesenewme山ods,these
Include paracentnClnYeTSIOnSand H1tEa-and
Inter-ChroTrlOSOma) symrnctnc eXChatlgeS Of

ChrorllOSOmalsc8mCntSOfequallength

Tllepresentreportdcscnbcsradlat10rl-1nduced
chrornosom亡aherTalI()nSm thesoTTlatlCCCl】sor
H】roshlmaA一bombsurvIVOrS,byCOmPanngthe
resultsdenvcdfrom G-TTlelhodwlthLho碓 rrOTTI

0-methodlnthesAmCmetaPhases RestJllSOf

comparatlVeaTlalysISOruberrarIIceIIsbctwcen

㍑ LILh LLlは G.Jてml■日'rfT)tIJnを 1LtLと｢/)

'971fアトり叩1.'))■.TI棚121L,E'/0 ll(.｣.Lf :

-点り '1C/.I,I)IJ. ∫_ -‥l ､11̀机 1l■PJ

甘IHヱ1) JLl土.l･Jl lItll 丈tJH･lr(l一叶rlTTLt
を丹L4割AJ)I.た色 付 駄J)t'IJ･父椎.lt榊.r)欠失/iL

2rF1{)叩裡光7;号'/J'リ ー11･,■三 rHJI･r)ye*.･･t

色'tが通常法でIl形態的にJL話込rwAlと'-rl.さILる

i,の'r･九･9 こハ り̀して /917..>でEt･L-色T',の邦

常fJ転相やわ L'ハF,どの/めに米燕とN.L占tミITL

Giよ(JはJl:満とTrLbdlさtl/二t,のが25PIJIA-'111=

捕 舌

広 鳥.Li<の6t≠有休 hのA-杓▲17/′､球中に:ま.

祇斗椎30咋lユ｣lチ為しI_ケL=ノrjlJ.放射線誘発托

染色作兼官が妓I+しこいろことがtlJr-Jltている こか

･)の未満細胞の如qfL上.桝JLの椎茸汝車線tdL=比例

していろ 】 ' 史(:企色仲井瀬のLIH(･t,,相互lム座

や快的原体遭ほをt'のrLl株作交換が人7軟を占めて

おり.JF相称性交換 L二的6.14･簸巳ltや現状染色作)

は少rJい したがって.前方がJ卑見fl応閃riの上作と

fJつてい,3

こItまでのところ 銀山蚊応rqfiとけるためには,

ftl称作交換よりt,非相称nl文挟がJ:り畝悠 な指揮で

あるとちぇちnrいる なぜfJら.相称作交換の軌別

力宥坊ではなく.しか(,柏掩 hの書t顔が拙攻tt紫に

人きく形轡を/Jえがちである

近年.叩稚され[_I/tic.u によりT帆々の退色作g)

FHl謹^pMEとTJリ.捕/yg)放射線)男娼作の梢通弼/,.,

をより汗鎌に班別でさるJ_)になった -)まり,過兼

一式では謎別できか-fll称作/1棟のみるL の.偏抑 (.r作

逆1正や芯J左交接による娘色T4L山父姓や妹也†州U,L接

をとカ.粥 LいJ71Lhl上に .i '~r加別が可能とrL-J(

きた

本軸1■.でLtLE.Llの古体 斤の作t iJ胞■一戦Y,iさ117ー放射拙

,'モ'je作.15色 相 光 常 ･JLII IL巧 'JI'/川■PJで 1L

lるjJu冊._JtJl~(_暮._よる'JtrftEtliはJIL∫

従 果 与 速へろ †I,2.)_tるlJl常州 ri!'/)--



the two methodshave already beenreported

elsewhere.IaLtdt加 stheprcscntE叩OrtCOnCemS

theTypeaT-A rreqlJeTICyOflJlducedsyTnmBtTIC
aberratlOnS,Whichcou一dnotbBdetectat))eby
Lhc0-method

MATERIALSANDMETHOI)S

TweTlty-three lI)roshlmaA-bomb survIVOrS,ln
whomradlat10THnducedchromosomeaberrations
wereobseryed Ln morethan lO% ofcultured

lymphocytemetaphaSeSbypreylOuSCytOgenCtlC

examlnatlOTl,1･2wereselected andreexamJJled

cytogenet)ca山y tJSll18thcG-metJIOd Subjects
studled hcrc Were paTllClpantS ln the RERF

AdullHe山hS川dysample≠･horeccIYedblCTlnlal
physICllexamLnatJOn,● and vh鵡¢estimated
exposuredo班 YaSOYeT100radoTTTnX亡dgamma

raysar)d neutlOnSSNon亡hadrecelYede)ther

TadLaL10nLhcraPyaEanytlmelTILJlePastOraJ)y

exL帥SIVCdlaglOStLCITtadJaLIOnWlLhllltheyear

precedlngbLo()ddrilWmB

PtBrlphBrallymphocyleSWCTeCultureduslrLBthe
wTIOIc blood culLure mclhod ofliungerrord,b

wlthanlTtCl】batlOntLmeOf52hours,dllnngtllじ
)ast2 hoursofWhlCh colchlCme W asadded

SudcsweTepreparedform)croscopICeXamL】1atlOn
byhypolOrLICPretreatmentwlthasolutlOnOf

OO7511KCland l% sodlum Cl(rate,rOLloWed

by 31alcohol-acetlca⊂ldrlXatlOnandnamc-

dzTlng,andtlnallysLalrlCdfor20mlnJte5WJth
5%GlemsasoluLIOn

W elkpreadmetaphaseswcTeFirstselectedarLd

photographed WILhoulmOuntLngthecovcrsIJp
onthesILde Theexactlotat10nOfeachphotol

gTaphedmelapha5eOnthemlCrOSC｡plCStageWas
recordedforthelatereXamlnatlOrL()∫thesame

mじtaphases AfLermLCTOSCOplC (】bservatLく)nS,
theslldesweresoakedl〟】thtetrach10rotthylerLe

t【日emoyelmmCrSl011011fromthesl)de,andthen
ln aJlaCetJCaCld-melhanolmJXtllreEOdesLaLn

thecells,Washedbytapvller,anddn亡d

TheG-bandcdprep且ril10nSVeTCPrepa柁dbya

mlnOrm⊂dlrlCat】OnOfth亡tryPSullechmqueof
seabrldlt', thesl)desWeretreatedlni02%

LryPSITLSOlutlOn(I250,Dlfco)forIto15seC1t

room tempeTILt)re,LhcnWashed}1Lhrunnln8【ap
waterandrestaJTledWllha5% GlemSaSOILlt10n
forlOto15mlnuLeS

The bandcd metaphuses. WlllCh had beerL

preylOuSly photographed,werethenrelocated,

比12分析 〉/=絵等.三 既._旭､_稚.I.しこ去るの{}

'7回Li油菜.LT･為 t;lT･ヽ ない放 射掩秩 受rL巾i称n･

胡'Tfの絹 帆 と軌妓 :JJi起して托ln 1-ら

+カ料及ひ方法

こFlま(･のL汚斧 リノバf/R包川いた細胞退任=l-横TE12
にJiづいて,i()%111の共珊細J'Jが批',～さJlた止り,tの

被嫌h23例(/)いて (バAE:よって再検TLをrT･'[_

ヰ判丘対卑hL上,放 If研 収 入髄 様 Pl豊 熟LJlで21F

rとにLf.'T的持た-の/=めに取締してt,I) 推 .i:鞍 軸

汲it.三方/1,故と中性 [一損 亡をITh七~=10OraJLll

で･hっ/ i 肺廉 血托■前ITF川内の .-i;姫川ヱEt

阜且IJ暮き折田放射投嵩卑filけ fJ かっ/T

J､lTI由 り/ハ球I.qg日日luElrt=Hord益の)J'式l二.̀El､

i:血JS:.'i2u川 け請菜 L hi節 の 2叫 H:】に コ lH J_1 / i

はりulJ fA色L本作小 川tiuけiLLlVとして 007(,トtCl

塩 化カ'J,IJlと 1%の 7⊥ /戚ナ L1,7ムーfi油のJ11T

Ar>A乃:と,JJlす処理は Jr / P, 乱 姫+.3 1 )

士lこ5%のr_I.Jf諭で約2O分rL'L･A色 した

よ くLL.那 )I:'JTpLflPl伸をaZLF.カハー'/ラスをJ升.J

lrに縫紋し珂梗絶写ftを棚 ･)た 11校E=tTJ'Jl･L

伺 柵柏に対㌻る''T桁のlvy)ド,伽々の'Jy恕中側性の

抑微視 1の正確なは正を.'【■uした 峠綻r実,7ライト

｣(7)根絶 寸イルを7 トラ7 ロールLi-L//-r従い浦と

洗って舵億 した

C'JT娘はIJS亡ibT-lFh17の トリ7シ/C分社止の9:JJ

日 2-札 L)■l亡0杜SHで 1-15抄mJIf濫tI-哩-_水iL
水で.沈 J/_tや5%J)rムサ 純でtU-151Hz..1州 .Nh色

L/二

あらわじめ池井ほlで㍍l荷 鋭IIi1-を†暮主'!_rTl】 ))か
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TeeXiLmtneJ and a四)TI PhoL⊂)griIPhed loT
kilryOLypt:ann)ysLS A)1otthLtCellsw)LhLler]n]te

orsuspeclcLIslructuT社)TearrangemenlsLJetectL:d
bye)lherorbothLht!0-andG-me(hodswere

kilryOlypeds叩aralelyus)ngthepnJILedpllOIo-
yaphSLOLJeLermLnCtheLypcandfrequer)cyof
radlatJOn･Lnduced chronosomcatcrratlOnSby
bolhme【hods

ChTOnOSOmeaberlatlOrLSlVereChsslrlCdIntothe

rollowmgtwoyoupsaccordLngIOthenumberol
brea上SlnYOtVCdLntherormaLIOnOfatkrratlOnS

slmPle aberrat10nSProduced by one ortwo

breaks.atldcompLexaberral10nS.LnYOIylr)Athree
ormorebreaks

RESUL.TS

Oratotalof896melapllaSCSlnalyzledbyboth
methods.342cells(382%)were†DtJndtoshow
radlatl0nlnduCcd⊂hroTTlOSOmeabcrraLIOJIS ln

31 cells ollhese 342.3bcrratJOnSWCrCSO
coITIPLICatedthateventhebaJldln皇rneth｡dcould
notspeclfythH yl〉eSOfaberratl｡nS(u.ntdenlJrl一
旦blecells) Thcrcforc,arlarlaJyslsolthetype

andrreqLlenCyOfchTOrnOSOmCabcrrailOnSWas
r亡SLnCted Lo lhc relllaLnlTIS 311 JdElntlfiab]e
aberrantceHs Arnong LlleSC abcTrantCeuS,
376 al光rraLLOnSWere deLecteLJ,the maJonty
orWhlchwereclasslrtedasslmpleat光rrat10nS
(340or904%) Therema■nlng36(96%)were
ldenLlr)edascoop)exaberrat10nS(Table1)

m̂on皇LheslmpleaberTa110nS,山eterm Lacenlrlc
rragmentいlSusedwhentheacenlnCmateTlalwas
present ln the comp】emeTll, and "termlnal

deletlcIn"lndlCateSthelossofanacentncpart
rTOmthebrokenchromosomelnthecomplement,

perhapsbe)ngcllmlnatedthroughtheprecedlng
mlt()SCS Therewereonly28(74%)aberratlOnS
producedby aslmPIcbrtLak,consIStJngOf8

acentrlC fmyllCntSand 20 tじTmlnalddctlOnS
(Table 1) 1nthepn:serttstudy,fourmlnute
fragments,WhLChalsocolユldbeacentTtCTlngS,
wcrc detected and tenLatlVely classlrLed as
acerLtTICfragTTlerltS

Therna)or)LyOfchromosorneatNtmtlOnS⊂)bseTWLI

wereexchangesLnYO】vlngTWO breaks(3)2oT
830% oflola)aberratlOrIS) TherewereOr)ly
24asymmetrlcexchanges.4dlCentrlCS.2nrlgs,
laccntrLC nng.and 17 1nECrStltLal(klGtl0nS
(Table 1) Therenaln=182且A(766%)were

symmelncexChangcsamon8WhJChwere234
recIPrOCaltransLocat10nS(622%),40perlCentrlC

小判低ま(.A ItBflL/代■HL=JlY【_1日り †卯.I

,>frl ,J I_ 純inP7Ttltin hJi T')榔司 二

･{ JJ出 _. ,,地神Jl r.'Jと 榊̀ F.I,･f'(ち

lhIl. lT 放一･功1.;七1･,.～Ll･'HV.くり')fn√と耶上

_ ). I比 l;挿dJ _̀

位-)いて 1潤 ,(三2値の切断 .I.ん Ll一ろ実冊 タ

qL詫R洋 とL J他1日 のtU敗 Ili･Iu-J米常 を

d付根光井-Cn J:r/I

暮吉 果

冶詑法と(,Iよの/tJJで'J)rT可能 'jaIiIとはtLq61.mふけ

312fJn1382%7のCH呈J_放Wii!1大krE退色lt弼充が

蛇T{Lll.た _の342伽.りIII_一三.洪甘 J/Jttノて柁

托+-1yJl_'JZ.bjを川.lCi PT常の叫的ん.兵P,ら

ことうて t f>"ar1-'flr人 ,わのIヨklう31唄.eJJ,

(.I' し/_がって,手先I)の311†刈q)ZhIq.,T肝 +iTPも

iEhhkLt,Jl/範也Ll城恥')f4'J I.lil,叫b l'ユ■ついこ

埠.14_[ 二L､･J,ye粛榊拍･ll'37(,AL'J)ye和-,議引

きLnL その人をSi13日刊 glIl% ■一Lr托 叩rdJIh_

I/Tm さJ,LIJ)IJ川 代りJ):y)切目16%目上Iil韓

iUv.て3)),たり111

LI･純Ye常のti･.'r独仏Tt斬Il_とい う叫机 ま.捌W Jl

】.的T一･経.%1.†をfTl,'jい淡色1t:i/rl/iIf,J3,～ナナと

IrでIHい,TP一札Ĵ共｣11.tJJ断奴色帖1ーFIり'~lる

視'ださ11r.7いル)IPと′l;柁し/I W. UJKtrE_)占-)く

染色T4断ハ8†LAlと1itm:欠 失2日†u].1汁zH侶H74% )の

'1､一l.lLJr一_･.I. tlL'･: T :..t

断L1.4m叫か止められた 頒V､妓吐け析JJlの‖r桁作L

ろズIL,Llるが.ここで【J 恥Iib色化断IJlとして'JHfL

Li

tAl色′本城箱の大N,'JH 31_>fLh gllJ%)こ1)什宝の斯 ･JE

i･請LjL横型TC和 ぐJ)r).jl#1付 ttJj:練LtI ,/.

21低て3,-'た り机つ ねや､･血色作. 2IFqのrqk

･.Tt色Ttl L澗)I)JqlJこ.'_色T･,.Wrl11 書び ー17恥.)･lrrLT
.芯久ク､力札rtさL/･JEll _I_+.J Ii主lJ)ユモ束

2tltS似17bfl%).ミF,ト拝性女操でムー/_ その内訳.三



]el Il.瓜 })強 Il.,ttPE鞍^2311_I.一二1.｣._L ∴生別り
3日1匹')PI市.相鞄■･llv̂)･告/Ji'しぎ･黙しIt帆とI:FE

SlmPlcabemtlOrt
Oncbreak

AcCTltr]CrragmenI
TermlnalddellOn

Twoblt止s

AsyITImCtrlCexchange
DICErLtnC

Rlrtg
A亡CnlrlCnng
lrltersll1111delehOn

SymmelTICCXCJluEe
RccIPrOCaJtrむ1doぐIll()TI
PeTIC亡11trlCl】1Y亡TSIOn
ParaCCntTlt:LrlY亡rSIOrL

Cor叩】ex且berratlOn
lrLSCTtlOn

ComPlexLranslocatlOlL
Com plexexchnnge

Tolal

'Exelud肌8311JrLldeTltlrlablcceus k≠

lnYerSIOt-S(106%),artd】4paracentnclnYCTSIOnS

(37%) Orlhe 234 1raJISlocatlOnS,5 were

ctlaraCtenZed aS LnCOmplctc exch2LngeS OWlng

to t]te loss ofoneofthetwo cTlroTT106Ome

se島mentspaTt]CIPatLl)glrHheexchange

Comple】(aberrat】orL5descTlbcdherewerefurther

dlvldedIntothreegroupsaSShownlTIFl即re1,
))elther(llrCCtOrlnVerled"1nSertlOn"wlthln
achTOmOSOrnCOrbetwet:TltwoChromosomcsdue

to three-break rearrangCmCntS(FlguTe lA,B),

2)"complextransEocaL)ons st】chasscquentla】
cxcllaTlgeSaTlddoubleTCClPrOCaJLranslocaLlOnS

dLJetOrearTaTlgCrllentSW】LhatLeastlhrccbTeiks
(Flgure lC),and 3)three-OrnOrC･break
TeaTrlLlgeTTIeTttS by acomblna110n OfatTanS-

1ocatlOJlandanmsc【tlOn(F】gurelD ),3ntnVCrSJOn
andatransl(xatlOn.andso oFl.rl･rerTedtoas

いcoTnptCXeXChangei-I

OrH1C36compLexabcrmLIOrLS,13

13 comp】ex traLnSLocahoT15,and 10

tL3(CTlangCSWere ObseTVed (Tab】e 1)

LnSemOnS,
conlPlじX

I)artlal

340(904)
28 (74)

312 (830)
24 (64)

288(766)

36 (96)

376(1000)

8 (21)

20 (53)

4 (1L)

2 (05)
L IOl1

17 (45)

234(622)
40日06)
14 (37)

13 (35)
)3 (35)

LO (27)

耳目tLp稚)._}31位 622% tA如 t日下虎 1亡が4LI似

1116%･. Jiび庖fn増作虐L･YがIl個 3二% AW

きIlた Lr也 231刑Ll･の 51EL1 2イゝLi,JT)x操 ,,,B色

r8.i:はLT)-ノJがFru､_/ いJHウる小,.=土三門k紳 r

jJ'I_

仙椎的rir.を LAl .7]目 上)._llFJCT)3那 つiり

1【3佃｣(/)且f･-･カら/,.ろIrihJ刈C1. )ィ､文は Z心V)浪也

I+がTSqlIノ十ろ汎化1jl7FJ又は逆相の ~挿入ーくLAlI.Ill

2少:くとt.3TLqのP_q･r･J'L.?L漣もA,n,11穎'.血相

fLl吐l_d･F.どJ)~純誰lt嫌 rzllい 7之U31

岬 と対 人･r4 日 ) jfけ '-l_･咋二と hfHli m′.(†

JさJ'･J二 とL3PIL'､約･●.ら:fL)¥.託を一･tir註'.

x柿 ._'Jl'lL

地肌 llTV耗)̀J,I.I.のLfl,Il.j,紳jJ,13n̂ N稚 一,tJ;

カuTy日とひ梢妊 +.I/1TyLカ l(川』で7)∫/_り､i) 代JL
｢1JrjN維判7iW)柁 型1TfTTの L.<L:/'tズ】2に示 才 2†Ehlの



lNSt≡RTlON 潤-もー鷲
B#-dL/-純米

COMPLEX cX 一対 -指摘

rlglLrtII)仰nmOIl亡付 〝′eStntOEJOnOf･{omL)IexrJ17t)mO∬mEObP′rDIJOnl -̂mSErt10かt,tIJztltAEh叩(nOmTnP
8-I〝JErE10nbETWEe〝lkや亡JTn)mOSOmESC-complex lnndL汀Dl10nJmOIplnBThreeEhn,,?osomts ql,aI)
eompLEXとr亡IIQlrReSPrd〟rEd/nmQeOmblnO,lCInOrZnWrrEOrrqrldlmnSI∝ DIIO〝

rq) ryNu Lit色付N弁の柏大川 A-ItC)..･-:Fl_I+L九.g)仲人 L1-24･こ',r,':色LhmL'･Jl̂ .l l′I.～色l',･J-

-{rl ,仁和7L31咋 /lL<D一仲人J･l坪をTT'十L/_柁達'J安代XL耕

areShownlllF】gure2 lTHWO(′OmPlexeJEChanges,
paTllalderLClenCyOfachromosomesegmentwas

observed,vhcrea51ntheremalnlng34(:omplex
abem tlOnS,nelthe'deflC'erLCynordupllCat]Dn +ilJ､ノ1-

0rachromosomeSegmentcouldbcseen

Excludlng15asyIIHnetrlCaberratlOnSfrom the もC1urHL376州の )ら 1-,tMのJlftlfW 与W ,Hr掛 たゝ

;06t.al:fe,3e76cl'ibs;1rf',uctioて三,0.bstehT df･oltItew芸 a;:lr:eg … 州 … の 胤 一'･I, 一･メ川 肘 C,J-ご

2)abem 11｡nSnotldentlCallh()ughdetectableby 古L ,llL,軒の1･lLILlカyCr..H u) l殖h･HIr【i脈

E告 htneg豊 .adnd3.',a17,cert,ail.OTnSbed,C:det霊 olng芸 別- 1･･- ,ム- - ∫.;･ -,,北 ′-

(52L%)WereclasslrledLntOtheftTStgroup 153

1TiulSlocaLIOnS,23】rLVerStOnS,and 】2deLet]ons

(Table2) Thesccond8rOuplnC】uded95(263%)
abcrTatlOnS 4LtTanSEocat)ons,9LTIVCrSIOnS,I1

de]etLOnS,and 34 CompILtX abeTTatlOTIS The

naJOrlty Ol reclPrOCa)tTanSlocaE)ons ]n thlS

sTOupWert11dcnLlr)edaspencenlnCnVerS10nSOr
tL:rmlna)LkletlOrtSbythe0-metLLLXl.sEnCethe

abnorlllalcoullLerPartCOuldnottX1dent]rtedby

thLSmethod Forthesamereason,compLex

aberraLIO爪Sldentlrled by theG-method were I-Lと rlMik'.LyLILよ',(.,｣

;jt′1が に､.:1軸は 1521%･lV,し 153付tJ)l､ト】4

ど招け)3JHI 12fNの火災//(.'1よhf.りJ2I :).2朗

:_ーli-)他 ･2･)1% が (ゞAJ.,Jl伽の九州, qIHLT)

JLil十 日 tH.r)'Jtす.ノミひ31IlJl,I)叫牲rJi;./.1, Jl

､ 与､ flI,lbl'亡.yrr.･l･ lVjLrゝつ

L',,Ltr_rl､ r Lll J.I pJ.･.r_Iご 止り (ヽ.
'ユ' ･Lr;与Lf')_'l rz.TJl､つL ー1 `ゝ4.
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_●.iJ･沖1 ▼ヾ t A,r : _11 ~ lt, 〇 ･ I.(__埠tJ山

0人lETHOD>川>!日日 6-METHOD//.-iH.モ享削!
lーHlHHHlIー さi! 主再 舶 I阜=三 三.i

い い 目 H H ll 44A声■事 一.-乙亡 *

FJBtL〝∫Pq,QII,IkoりOIJP,d〟d)･sEfOJLlh,ymtm,IcPJ,useobro7〝EdbyamEJJ･odQnda m,Ihod PQ,Ore,IInC



1くZ r.A ･1L■lH･'/TIT.Z -,_埠.TrJI:GJ._よるぶ色T+TC:W'J)LtIZ帖pI

ClasslrKatLOn b̂t･rratl0nSbyC-nctholl

AbT10rm;11 AbTm1mal lJ印11⊂aJ 153 23 12 0 188 521
AbTIOTTna] b̂noTmal Notldenllぐ31 41 9 11 34 95 263
Normal AbrLt)TrTlaI NotJd亡rm CaJ 40 22 L4 2 78 2)6
TotaJ 234 i4 37 36 361 1000

'Exc]udlng15asymmctTICabcmtl0llStAa｡C1llrlCrr喝TllentS,4dlcentTICS.2TlngS.ュnd1acelltrlCrlng)
15mノ〉ルfH輪作※ 半.h桝J)や色1事がll LLriHEr)_れFnI収也ル 2朋のtQl入社 CLrケ及L<1JKの111'Jhtr1'化Il'l
～LJK '

TAtiLE3CL̂ SSIFl(ATTONOJ-78AZ)ERJt̂T】ONSDILTECTEl)
FIXCLUSIVELYliYG･MF.Tt10D

y13 C'jAE_J:ってのみ;識別さナ｢た7糾【匁のfAE色fnで汁,の/汁y上

l㌔TaCeTllTlCInYCrSl011 ]4 14

LLqlJaJlellE111exChange 11 0 0 1I
LJrLeql･3日crLgthexchnBe -29 8 2 39
MLr101deLcl】on ]4 14
Total 40 22 14 2 78

classlr】ed as slmple type aberrationsSuch as

tranSlofattOnS,1nVerS10nS,OTdetct)Onsby the
O･method

Sevcnty･t】ght(216%)aberratlOnSln thethlrd

ErOuT)WeredeteeLedexclustvclybytheG･method.
andtheyWereantlClpatedaprLOn tObeclther

paracentnclnYerSIOnSOrTee)prOCaltrans】ocatlOrLS

ofchromosomeSegmeTllSOrequallengtll In
lact, only 14 (]79%) Were ldentlfled as
paracentnclnVerSIOnS(F18ure3),and1)()4]%)

asLriLnSlocat]onsofchronlOSOmC SCgmenlsof
equallength(Table3) t̂tlOngtheremaLnLng53

abem LiOnS,39 (505%)wcrclntTa-aLldlnteト

changes OfchromosomesegIllenLSoEunequal

)erLgLh(FIP re4),and14(179%)weredetet】ons

w】thasmdlsegJT)tntalLhcdlSlaLcndwh)chweft

JudgedlotN5WlthlnLhcnormalElmltSOrVanatlOTI

bythe0-TTleLhod

A55hown IllFlguTe5,39 exchanECSbctveen

chTOrnOSOFTLeSe訂11enlsofuneqt】&l一engthLn(he

lhlTd group were Eljrther dtylded .nto two

subgrOt)PS a)boIJlabllOTITIalchTOmOSOmeSWere

normallnappearanceaS)udgedbythe0-metJlod,

and L)) both excess aTLd deLIc)crICy Of LJle

ye常.こ.i5升iAで'lt.#_や.3･li'L ;欠九l._, rl恥縫

rJ推7;･,とTl雀 ._=いた

那 3酢._人ら78恨1216%)LT)淋 黙.iG'At_ I ,､

の/J決 別さI､/V こLlらlユ 触 れJi‖tl迎t.T･''Tl,<L.?

色作.Wはの父様による榊享7l′､蛾が fNJとlLでrL/ 那

ji府 には,tuP畑 作逆HrカJ′{かl川糾 17tl%jLか

父まめr)JICか っI_lrgH ) /}陳.TVJTの町しい川//心付

は1川よHl̀11%)丁あ )たり<31 代りのnt爪531W小

39榊1.r=n r-%Ht･j換 ;≠は に妓Iil/}止め一-,h Tいぶと,

Tn～火il独色T4:Rn/J接でありHlqH HTuJH丁tl%1

の異常:ま姶CL作人魂 .TBの粘 分rr')欠失 =･あ ./ーカ

その日1-1日.が連井は-(lilll煎範州内で3'る･Tl,と

きhるt,のであ-,fT

前古rJH_,TrJよ ) 1713群小Dズ経 て:'J.t')Lく.L･､つ

jKなる淋'L'iF39例◆i,史r_,al2本U)yl'穴.古色 I与う

遺漏.)で'3そItそL-1常卓也†t(')托.稲1Al.AJ3rT

Tl.i:さJl･jlL5lfと b)生垣の′lL′光常冶担 心̀力



FJP,,4 PDrqTLEI上Dヴ0(yPEQIEdy∬∫oltJ,EWmEmEtOPhqLEOblqrrZEdLIy0mEthd andGmethod Nokq,)ro-

°,P,rDbnom7dllyzJ.tenInlhEamEIhod(0,叩WlJ-hLleaけrIP,∝G7rn〝山rDIEOnbLtyせenCh,omoJomt.
2qnd6rQrnWSJ-1.dtnlzfEdLIyIJ,EG-melllOd.

rJH J一司 ''･熊LL■rurth tJ1るカ今.).･(.._J'■_上ZJ 兵FJ;TFrJ)比ll j4''KiL )､E3.JrLと̀ .米7..,titlJ,LLこ,■･J

Ffw〝5 DuS,OmDI,ど′L･PrtJE〝lDI.OnOIL,,eIP′OrOlI,DnSLoEqIIOrlSbEIwee〝亡hwmosnmcsL･G7nEnrSOTuneq,Jd
Iengrhsh∫JzrcJzGrYJJndeEecEob/ebylfle0mcLhod Le/1-thLOOかIormalehrowlo10mefqrPmfoermIID/wlredzn
l/JeETPOII,LolrJbetweeneLICh(JEher,I/LuJJcodJnJTrOarrOmlGIchmmosoIT7亡･ぐOnmIuEIOrZL27ldrI〆rL-rXCeSSGrTd

rlJ5tへJt.:l_と一て 11 才 こTl,しきL,I_LJ') I.q v'J,,')917..･上CLlI

声Jq'J/_F).■涙..Tで 1止井正 H lAlく11.t卓t./_LJ)



chromosomemilLcrtalduetocxcharLgeSOfthe ill,L_aさ換 l JJl/拙失 地恥 Lr.上Il常の指1pj

segmentsWILhunequa)lenglhwcresosuhtleth8t 二°,L,lさ,;t･iln いJ帖(‡ 八,)..ツ ケ PL- , 二
there､vasnoapparentmOrphologlCalehaTlgCln

thechrcITtlOSOmeCOnStlLULl()naSObscTYedbythe

0-method The roTmerCOmPnSed 17 trans-
1ocatJOnSand5LnVerSlOnSVhlkthelaueTtJICltJded

12 lTaTtSlocatJOrLS,31nVeTS10TIS arld2cornp】じX
abcrratIons

Therewere25aberratlOnSdt･leCtedonLybythe

0-method amongwhlCh 21aberrantChromo-
someswereroundtobectlhcTOVCrCOntTaCtCdol

ur)usuALLytwISted,whilebytheG-meLhod山e

bandlngpatLerTtSpTOVCdtobenormal h the

(orbreaks)couldconcelYablyhlYeOccurredat

theTtegaL)yereponSOrLhcdlSlalpartofthe
chromosomeS ThislndlCatE･S thateven the

C-methodlallstodetectS一川CtuTalabcrratlOnS

lftIICy Occuratlhe ne83tlVe bandsofthe
chTOrrtOSOme

'Trこ1.,., Ht:月'_LHT胴LTI_､仲. llqlhつや( 1

.' ･J rl斤LLi12ⅧJ)l_吐 3他の逆l̀ 21li､

叫裡異常t,缶ILLEL一七

連常.i.で･のJ'rit別さJ/一光来た25Tyimy さJl/_ 二I

L7.T)X常:=含まれる2L不の7Q溌止色Tt:.エG Jl■ーころ

と.t2-(/1†ケF,A4･'1■~相へ/:'tJ tJLLlr.､IJl.VT

c ･､/.-ハタ ノllJt常(3 JJ_ f繁り1-〉1BfJTTK

rcmaJmngfouraberTaLIOrl50hseTYCd,exchanges 斉 し三 浪色II速.W,つGハ/トのよこLlよ-I_I.£;I.ー

(orbreaks)couldconcelYablyhlYe∝Curredat †こ._2PL叫が -IJ ./_ _,り_一･_ (..jキ ーIl

DISCUSSl0N

TTICPrCSCntStudyorり1eSOmatlCCh-romosomes

of13日lTOShlmasurylyorsusILl旦theG-meLhod

hasCOnrlrmedourPreVIOuSrlndlngSlコlnWh■Ch

asymm州 lC CXCh8n8CSWCre round to be less

rrcqucnHhansymrnetncabcrrat■onsr6%vs77Pも
()｢lhctota一abcrratLOnまOhst･TVed) TTllSSuggests

thilLthesymmczrlCI-XChangcsmaybethemote
usefulLndlCatOrSforcyaluatLn鳥山erelall0rLShlP
octwt.cnChromosonltlabcrraILOnSandradlah(.n

dose part】cuLaT]y rorthosewhowereexpcrsed

pllarl)yCaTlbcroretllCCytOgCnCtLCeXamlnatlOn

UnlLl bandlng tCChlllqueS for ldentlfylng
111dIYlduは1chT()m【)Sいmeh WeTL;devL3lopじ(1 thtJ

It 漣仁作のl兵ハノtJiY.て1_▲M品光rU,I.ユn

さLh .一二′与小 LIいろ

考 案

(..さんrl)･'23伺Ull.(ふb'.埠托tI市r)Ll田I'Jより '̀ゝ

′Il.Jエー)､A,.frた.I)‥ こI _L■J-fT叩7{+Jl

け 作 DIPlq より45モyl唯 叩黙t･.hrr)Q/.l̀77%･ご

_Ai rL'､壬17_暮∴■ -,は,'1きLJ

二しつこ , LJM担遇l rLULJ'brけ i H.r 把}3 '_

'J- †〉- L'.' よ､"'t .I, 托JTk松IITとLhrlE'.Llrul

,fJ_.T字Ihl勺r_A'1 1lEH-_押rh (IJJl.rlFT

) ir)二 J:E】J篭 り ･J

rJI.I l】い M′' 1(仏も..TL机 ■1･_七

三 一 二 JEH･..｣t ′LH .JJ.押 '､.｢̀り 1､

:doennvt:zf.1.ToLl言｢S霊 ,ynrご"I,:'eTtlEode"whaasngEeschtLこ｡完 E F･3- ,～ - ∵.】1.
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