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sulA CTGGATGTACTGTACATCCATACAGTAACTCACAGGGGCTGGATTGATTAT
GACCTACATGACATGTAGGTATGTCATTGAGTGTCCCCGACCTAACTAATA
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CGAAAATACGACATATATTTTGGTCACCAATATACATGTCATAAATAAAAA
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uvrC CCAGTTTGTICTGAACGTGAATTGICAGATTATGCTGATGATCACCAAGGGCC
GGTCAAACAGACTTGCACTTAACGTCTAATACGACTACTAGTGGTTCCCGG
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ESe b Edbhb, 3K, 77 —Y434LP220) 7vy ¥ —0OB4S
b—HICHBLTRL TS5, ThbOBEHIHRISK oL 9 2B E LT
Lot o T\, FRUIRIGKEATP OABEO S OEMBLBETIH %S,
ATP—7S®dATPTEORY BT EL, SOSKIGOET AW rec 4, ERD
recA, AL CETR, &< cOUFRIGIEET bin,

b 98077 Y S Ly —OFELOFERY

$807 7=, A7 7= tBOTABMATZ 7 —vToAD, UVIKL D
FROISNFREBONLOENLRON Do ETHFRCVLELRELHEN AT ~
~ Y OBEORL/4Td b T2 A7 7 —POFENEEIOE W recd B R,
recA430T 4 P8 OILFHERINL, £L T, ¢800C 1MEFOHRIEETIZk
FEL, Thabl 7 vy ¥ —07 3 /BEFEHE L TH5BE, Fhicld, G
fre %5, Ala—Gly LWV OERIE—EF BN E b ok O TH 5, — 1k
¢80Ty r— DY F vy ¥ — EERICEE TTELLIh 205 927
YWiAI N E LD EAREINOER D ? T CHIER KM S BB % O
bLNAENEL, 080 T vy —OUWiokTFERNLLL T, VIV
v =GO THENL D O L(HEBTE LEBbh50T, ¢80) 7 vy
Y-, TOgH TNk,

$80C1 MEFOHERERTACHERT, CLERFEMIZCAbE, BE
BB S L TRRT NS Ao #CTY vy ¥ —%BEI T, HUICER
K+ A, ZoMEER%E -, JOEEREHERIKODATER V. bhbh
HAd77s—v0OP, 7oe—-2—%FfBL, TOLIEBEETEVWRERTDL
okoe HFBELZBEC LTHEELTY, 26300 0%AE (HRENK, TORA
EONFRE S Mo 7 3 2 BESIENH, —Ser—Ser— I le—Ser —Glu TH A
Fips FRBINKEFEF LT, 73/ BREESERESD» S FBIN A8E L3k
BICEL—HLT, 980V 7 vy ¥ —ThhTEDHEEINK,

AT, P80V T vy —FAnrecA LA CERL 29 RIGEHT4b
EhHE, AV ZORTEIAh, H13000E140000F )V RTFFCRBTLE
pioms o fo WMEMLIECys (NE225110%FB ) EGly (11 1HEH) ofT
Botko TRrecAd30LAECHETRAZ 7 =2 7 vy -, &<THIh



b ok, 80V T vy ¥ —&lexA kAR CHEUKI ShE, chidin
vivo ODFROFEREBRL—HT 5D, Lool, )7V ¥ — OUEIRIEG & HEHRE
CHNTH B E, BYERFRATP—r S OBEKE, AV T v T —LPdp80 ) 7
vy =, FIEEUCEE T SETTAD, ATPOBAIHE, 680 7
y Y —OUMWIIE A ) TV T 0 1/10 WBELRD ok, R E ST THED
NTWEEETRHGB0 ) 7 vy ¥ —HRAN T vy T —L b IhBENnEnd T
LRV bivbihd, CORICEEIGY in vive OFEOBEREEHB L ZWVLO
i, YNGR ET AL ERDICEEBETHLEEL ke CCTENWYE LT E
Mdhote 19784, KAEREHE, ¢8 0BHEKCEEAHEEECIE, +
VIR vAF FEEFOMBAKAR, dAG, dGG, dAGGENDNA~OEE:
OFEERZLI, ¢807 7 —V5FRTLILELEEZHWE L Tnke TNL0Ox Y Tx
VAT NNBEEY) 7V Y —OUMIKEET5 L5 BEEE o % D o D,
FRIFAOHDOEEE L THWAT ERBELNLTH ke LT THUMIRIEHIK A GG
EMAECHAECD, ¢80 )7V ¥ — ORI ICHEMT 52 &0ib
oo WHMEFAATPOBETH, dGGHEMMKCY o TRIEEEIH4 0 04
K ERT D, COWMBRE, AV 7ve ¥ —%lexA AT BEOOWHOBE I,
ELBNLD oo 1ecAd30 KA CETLAGGOMELG 80 ) T vy ¥ —
KEFRLN, 47 7=Y0) 7V —nmEthlLoTihaL oAb EM
b ot BIWHAM TR I MBEEZANT ¢80 %2HRTAHRTH, dGA
AdTGCREH, BRNEL TN, bhbhOin vitro OUFRTE, Tok
(R EYRI LD oo TOBEWRT, in vivo DR E in vitro ORBENIEFEIC
E(ﬁmLﬁou7vyv—@ﬂﬁwvxﬂPw%Fﬁﬁ§&&%%f&@m,@
WREBAIAMED ) TV y ¥ — LB E 5 TWD, ¢80 7Ly v —KETHRYZE
BHEOH, oY 7 Vve b -0k T s ORFAELL OWKEELTAHT, &>
EYBEANB L BAODE, LD o ThEV, Tk, YXZVAFFp, £C
WEBLTZOL 5 ZEBENHAH00 & b o Tniking

7) SOSKEoOHEET L
REENTO lexA ZAE C ODN ANOKEES LB OHMEIDOREER & L IT,
SOSEIGOGIEOEF LD b&, PLITROLSKABERS, SOSKEE



R I EBREFOEBERABERCETNT, 5'CTG(N),,CAG3’ OEFIHSD,
TTEFLI lex A AT CERBEE LT, ThENEBEXHEL Th b, T Ok
BOHRER, BEKLOBETFOBBRAZHLTCLEI NI OTEHERL, &
LEEOFBERE L TWbo EBIC rec A LA CEREIRL KHBEZEEND
SHEELTHAL, UIVHLBECLERBER AR L TV AN S 5o lad
BEFEHERED lexA A (BRI > (HIHIESN 2HCHIERE Z o TV 5
23, MOBEGEFERZY lexA RAL (CEOEEGEM T 2 DR > TWAEAR, <
DREDTEEINEAT L0 L $FEZ b bo lexA AL CHEBENR, L)
Bl s CHFOBUKFESL T, TEEE*HETLIL O D, V7V
v U —RERAERRNICR S bW LERICE 5 TWbOn & Lhi\Vn, 54 L,
DNAEEIERE T, TOEEL > THINAZDN AHOREDESE 5L,
DEELERET HBENEN C—FEr KDL LT 5 E rec A KA CEVERE
ETEETEEELZON D, ThADNABEOEHR TH 5, —FHDNAK
WE Lz recA RAIE B, ATP®AdATP 23BHET 5 E, lexA ZAWECH%
T AL oAb, MIENO lexA RARCHEBEXETIE 5, COL %,
PBOY T L, I—OUWIDOEEDL O, ¥V TRZvA4F FRCOYMIKKE %
K% LT BETEEE & & 5o IR TORE lexA ZARCHOKEICL > T
A23ANCHWARBGETF OEEN—RCEBIND T EI R 5o Wik lexA AL CE
ORESAOEHEFIEAE T 2E RO T, BB, B4 ofETOMERRT
AR TN ENR L AETH B EEW, wrC BEFiHuv BHEHEI0~120
DBRIVESEHALT Abh bE bR Tna, TAIERELABEFKE, *h
FhEMEOHENES DD EELLND, himdBETFE himA A HEK
LoTtHIBIh2ECHIERETF T 5L, ThuwrBOL KT mE— 2~
73, lexA THIEHIN T B SOLMNIC, TOTRIC G HB7%E, ThEhfEtk
Db AN A > Tnde BT, WERLABREFOZCEDNABEIEELC
WEDT, BHRBEENETLDNAO—FHEEH & RFEIC AL % - TITF <, L
S T—AHEICHES Lic recA RAECE D E (D, lexA KA CHOEE &
B b, T THU lexA KA CHEBENRREICHENL C, FBEETORHA
AL LN, TARTEORBIRSL CEKE b,

TCCORE%RS O SHIGRBEBEMBIC  50/K5 900 bhbhid, #ERF



PICE: & AT S, BEFRIENE B ICIT% O T LD B EBER, Saccharomyces
cerevisiae, TRWT, Lt L DNABEIFEIRICEE L Th 5 0GETFOMITE
MDD, TOHRD—>, RADS2 BEFOWHEFBEL T v (bH], 25122
2k g (MMS) CHEIND T LD LRICE » 7,

2. BRRADS2EETOBEE SRR

(1) BBODNABRRKEET
BHODNAGEKHEE S ZRETOEREISHEMHINT, BER4DLSK
AEINTnE, VI V> 24 ~—DBREIKBEETLRADIO I v — 7, 82
L6518 (Error prone) O RAD6 7 n—7, T LTI BEORAD2 71 — 7
Thbo bitbhid, BHBERICEICRZENRS (, ML SFERFICH®EZR < %
BRADS2 70— 7 W H kT L, O —~T BT HEETOWEE TR
FHIAHEWNT, ThENOBEFOI v —=v 7 %R b/ BEST TIKRADS,
RAD52 % L TRADSS BIEF D2 v —= ¥ ZIWCHH L, Fh bLOMRFTHEFTL T
Who TOFTRADS 2 BEFOMTHE & #A THY, BMEEIOREIC L 5T,

RAD3 : Excision repair, UVS
radl, rad2, rad3, rad4, rad7, radlo,
radl4, radlse, r]S, mms19, cdc8.

RAD Groups -RAD6 : Mutation, UVS, X-rayS(MMSS)
rad5, radé, rad8, rad9, radl5, radl8, psol,
revl, rev3, umrl, umr2, umr3, mms3, cdc8.

RAD52: Recombination, X-rayS(MMSS)
rad50, rad51, rad52, rad53, rads4,
rad55, rad56, rad57, rls, cde9.

K4 ®WmRODNARELEICES T HAERONHA

RAD3Z v =7 OH#ETE, €Y I I &4 <~—0dkE
BIRBEL, XBOBECTEHER ER UREHEET R,
RAD6D 7 v — 7 OBEBET I, BIVBREXR, AFrFa>
Znk B (MMS) Kt sBEEoBRICEE L, #RERO
FH%1T9, RADS2 7 v— 7 OBETFE, X&, MMS©
FEEEECES L, @Rz cBE/LTY S,



151235 &% 54838 (open reading frame ) 22 RADS 2B|EFICHIET AT &
ot o> TERe TOFK rad52—1ERB ST, IRXERTHHTE, TOHE
BEGRETAAy ¥ v —"RNABBEETHZ L, TOBRGEFHRICEA P>
PEENT &R EHBRENZ o Tnb, TOBEFORBFHEE LA FETHLENT,
FEINALRADS2AAECHEONKM, L6 5 B OMEHY T BFK, H
BENORGBTFRIECKBEOB—HZ 2 + v & ¥ OBREF lacZ # ok E,
RAD52 & [acZ ODBIERETEHM L7 TN LELNLAAESER, RAD
527AFCEONKM kB —HF7 VY X —¥T, B—H52 v & —¥
DEHZHRE L Tk, COEMEIEEI RADS2BETFOER LB & nT
& 720

1.5

0.02% MMS

1.0

°

no MMS

A—galactosidase specific activity (U/OD800)

T T T T

0 2 4 6 12 18
Time after MMS-addition (hr)

K5 RADS2#EFOMMSTHIC L s ESROTHE

RAD5 28T & lac Z BEFORMGHEET 2 b,
RADS 2BETFORARRT, B—H57 + v & —¥ D
BTEBOCENTEDLLIOINLT, 7523 FKRER D
DOEFE Lo WIHBBHIOBREERICMM S B2
0.0 2 BlIC7 ARG, TOREEBBILEETE DY %
OEBFEOB—H527 b & —¥ORER TR Lo



RADS 2BMET OMEED, DNABEK L - THHUEMIN B0 O 05T~k
BR%, RSIRLTHH, DNARBERE £ 50 CEEENHEOR Y IK, FL
LonMBO®DH, ,AFrrsryzrk B (MMS) *fB\k. ARS1—CEN3—
TRP1 & colE1 B E Amp” #HoO Y « b V<2 £ — I LEEOF BT+
SHENWTHEoTe 7 5 23 N EBERO RADT #D13—1A ICH 74, HEssmma Ic
0.02%K7%ALOICMMS &M%, UBEERMEBICHBROL—HT 27 b vr—
O HIEEFIE 5 7co OKRIC, MM S AT N, MGk 1 8B T&bL
Tmofed, MMSHET TR, HbIKEMsAE b, 5ERMBICE, 12T 345E
Kb, UBEEbIH KBS THERER Lk TOL 9K RAD5 2 EF1EM
MSHMBETHFFRT A T Ldbo o feo RE, BEO rad ZRHKEF TOBFROKT -,
O R A DEREFOFEH & FEED £ 9 0TBNLEME L T b,

& b Y I

KIBHE T, DNABHESERFS, MR % SICBEs T st oRHBEOL
W, AFVvArTHBETELL 9N ko Thko BRMBTIFRILL5%S0S
Fitnid s L EMENZWC E EBbh b, 2% E s bNbhOBE L 2B
DO RADS2HBETL, TO—oLELZbNb, EOREBROBEBETOMEENZO
NCFHEINBOD, TOFHOFFHBEARBEOBE LR LLD I 0EL, F
NTThpbLOMETH 5,

& E I B
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KTHDLINFETECEVALDLE R oD, WTEN S HFEREAMOMIRL
BRICESC GO THE(R1 ), —~FAFEERDNAORDAITHETEEL D,
B S Ok Gt MR T AT HE AT B sister chromatid exchange ( S
CE) OHBRHBFER INH, LOREFHERICOWTISROMEL TN TN 2,

BEOBER (Saccharmyces cerevisiae) OBEZOBROEEERL, TO
S CEOREBHHMETRIC Lood b, TabL, HEOREBRTFOETLT X
I M EROARICGEA L ZERRICY 5T, OMET 2RI Uik e afoi
fEF VSO, sister chromatid recombination (SCR) Ot %179 4 @
T35 (X1 -6 )o FETTUBOLAAKRIROL SKEHI NS,
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TR Of
E = 5 -E' g Recombination
HY = =238 (IR (o550 B AL
r | N | T T
HLEU2 genes; 1 1 1 1 2 0 1
b.
} l ] Unequal sister chromatid
— = E > = recombination
e = — = jama NSERITY 2H 4
EE g_ = g EE (A5 et o3 PR P LA )
e e [
rDNA o
HLEU2genes; 1 1 1 l(') "2 '1 *1
: [ A
% E — ﬁ 1 = Intrachromatid recombination
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Thomas D. Petes, Cell 19:765, 1980
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BRI BUCHE N, BETF VA ToEh, REB24EUHC 21, 2L, 0
AMSREC QBB 35 C LRI h, FABRGEOHEMOMEL L T4 S CROME
OFER LB RO AR OB ST A BRI TR TER IR 5,

1. SCROBHEEREKRY XT 4L
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(Z#7)o +2bHCYHY2, LEU2, URA3 OFAERMETE 07 553
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K2 73X3PFNpsZ43000FHE
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HWAINLRBIK, BREZ Y7o~ FEEZHEa A vrw Py 5o 3
BRMOFER &R D, COTI48OENG Tk s M (SCR) 4
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bbb, cyh2 BEFHPEELCHET 240, 2 TRe0GMONERKEY 4
U, 2020 CYHS OBETF#, cyh2BETFICL > GRETZH (gene conv-
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crossover) AU BBE(RBIFE) L, 34@psZ430 75 X3 MRLEEME



adA3-0x9
UOIJBUIGUIODY
prewioRe}

odA3-00u1

UOIYRUIGUIOISY
(pueng

1515 {enbaupy)
updliigai]

9dA3-uod
UDISIDAUOY) Sl
preoRpRL]

na41-

HAD +

van-—

JSICH By

D

HAD -+

VLETOEEEIHMOUOS SH

(ALY f AL Z 4o g HAD
79[| |gean
cNAT
£vdN
e}
N 5@— m BIN
& & i
N& 2 Nsw— Mu.:‘. N& ?
Z yho 24k L o fg sHAD
8 Bano a0\ W0l ¢l
< < ALl
Bicyl
HAD SHAD HO
° ?
240 4k
7| |ewan
2 Yy4o £
[ Zyso i = HAD
sHAD sHAD

(41



LYEET2HE (H3TER) ETho, TORKRE, vZo~xv Vg, =4
YREY AR FTRR3 OERK R T =Rk L BT L
BRI N Bo Tabh, Ch ol FORRAR, LHRHFREI LS C RO
R T AT ERTEEE % By

2. RETREICLDSCROBRISY
K4L EPROERREHRB, DNAOHFEEOE & S CROFHEMEL2INE
Bt 3 25105 TR ETT - 20 ©4, 5EZO—FITo o TENEIL X

=

g L

=]

o

o

ot

[N L

on

-

; 10«1 - -
S

=
@ F oV

con-type

" 1072

£

&

=

&

s _— &

(@]

2 rec-type
h)

g 1079 .
= L

fx

1 1 i
0 10 20 30

UV Dose (3.0J/m*/sec)

K4 FABICLBS CREROKRER



107!
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#1 BEEREREO S CROFHRAFE

Induction of recomdination
Function Mutant Sister . Homologous
chromatid chromosome
Initiation of DNA cde 7 con” rec” con’ rect
synthesis
(Mutation induction)
Post replication rad 6 con” rec” con’ rec’
repair (pso 1,rev 3)
(Mutation induction)
Single strand break cde 8 con” rec” NT
(Mutation induction)
Double strand break rad 52 con” rec” con” rec”
repair (rad 51,54,
55,56,57)
DNA elongation cde 21 con” rec” NT
(T™MP™)
DNA elongation cde 9 con” rec” con” rec”
(ligase™) (spont ine.) | (spont inc.)
Excision repair rad 1 con™ rect con™
(rad 2,3,4)

ede 9 L b HAIIC S 5,

ChbOERHLS CREDNABREOS—G, KFHKI L O LRI N,
TRADNABEREODN AGOEHI S CROFHRIMBb AT 2R L T b,
THLI S CROFFHOHIEHICIE rad 6 —cde 9—~rad55 OFHMETFICL D CDIET
BlE3 2 40 LHERIIN B,

B EOEMREREOMFERRT I LOALONT1TH 5,

& H Y T

IR B AR (SCR) (KA REAMOFIREH LA L KR Z D, TOFH

HEBICEL, HET CRELhAMRBEZEN TALEROL 91Tk B,

@® SCROFRAHEEBOEMERIANSG, MIKFREINLL0ICKL, D
NABRES—G, KHERIN 5,

@ SCROFREKEDNABEEEDODN AFOLN L BHESKEDH 5 post



replication repair 23B85 45, (#k14)
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BTREOBIARE 3 5o
Y FoERE, KBEZ EEEMM COMBaERE, BRI Smating type ©
ER, Fk, Fe BEEWOBEL IO S 5y 2 F— Y OREHES C
R OFFHHE & OFPHEDHE R I B (3L 15,16 Do
BRI ON T T 1 IConW (A ORE2ZINTEY, (X#K17)
S CROHFHMICONT & ZEHTW BT 7 2RI T 228 (LER1 8
—21), TOMARSHIBINTWELLEELL %% Thildlt, ThbR%
o T TR (A« BEEDERDLT ), MR OEE BEY, BEREEH L
BT B EDFCEBETH D, SCREBEHBEOEKOMRE COMEOEF
A ERYET D OAE HF, BE, BREROFAMEMBHICI BN 2 FEERET
ThH 9, OB, Th bEEEEOFIINRET OLYIER OERM 45
EERET VSV EODLERD b,
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conversion in yeast, Nature 289 : 144 —148, 1981
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recombination within yeast ribosomal DNA does not require the
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cated on nonhomologous chromosomes in Saccharomyces cerevisiae,
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BAZHh, TORBRERIERI > EEBELRThERATEZNWL SLER1L 5
T ENbt o TE %, Thh Barbala McClintock WX 2 “@<{EEF " OFER
Thoteo TOHROMREILL Y COBMBEFE 2TV Tobe bF TFNTO
EMCEELTr), BEFBRREACEEZGREHZRL b T &bt > TE k.
I CORF2BEIC CER L > TERFFI R LS TWEEE, BEOLRNCE
BTVELEE—H L TNWEOT, BHEBIKL 2HEBEE) 22 2E45KdrD
CORFOBBEN oA SOHFRECANTH L LHBEREZTLETHD 9,

1 BEETF &

B GRET L, Rk bofs 2SKBOE > THEEL, 2o EBAIE
LB HLFOMEYLEL LT EOTE LBEHRTFOBRKTH 5, TORFH
SRIFYVThabe b d TRSAEM—RBIKEELTWD T EBHMLA TN D2, TO
—ROBEERICRLAL 9% 3O T b, B(HBTHREARDNA FOERE
OHEAWAVAD LD TH L, TORENE LAREEDN ARSI ZEEL,
BT O I @518 RAEES 74 U bo —RRICHET O M SRk I 1 5 18] RAREC 1 43
HBET DI ENE N, COREMELORUMR, B CGEEFIEE LREHKLEE
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1 B <BREFOREBMAEDN AFMARO—RIAEE

SHE T Do —RICELICTR b IKBfEIh 523, HEM L SREREICL D,
—HOM A B L TWCL OB TEIRT By F/, BICELKEbIDORETFTE
Ao TECTERBATEAHMObNTEHY, BCHETFICL b READN ARE
HBWMHINTHnEENE B, ETAHT, B(HETRID EOL 9 RERMBIET
BDTHD )00 MERAZ~NOEENLBIFEL (IR THnEY s v Y 5 v S
THEFIE LV, ¥ 2P Yy Vo3 TidWhite locus M-I 2 B 0B OFAICE
TABRGFLRIFL (AN TWA, BAERIOY 5 v ¥ 3 Vs dRWIROR/
ZLTWaAY, BELAPHEOIROEE LEAERESN(onB LA THE, T
Ok O RERETHEWhite locus @k O EORRAIBATIC & Ok %8 (RIET 28
FBAZNAZOHICDONT, O'Hare LV ICL o TE & b, HERET OFRIC
ADRLrZ L > THEFRTETCE LD 52, BERET» L% VEEh
B A > CABETHRACEZBEEL AT END D, HEFBREIA~NOEEOH
FEnsndELLN5L 9 Th b,

2. VausavATOaETEE(BEFELL BT 4 LR
ITHBEETCONWTALKFELIAARLD, FAAbLOREY a VY v T
RO L AR OWTHM TR T E Litv, ¥ 5 7Y 5 v Sz fefafk
PG O OBHEOB CHEFAFEEL Tkh, $XChbbTLLEEFEDNA
o2 0 2B CEBFTHATE 2L nbhTnid, ThLOPTRIENS
W TR GRETE, B2 ERICRT L 9 2T L Ck b ik ia s st
3 ¥ OLTR(long terminal repeat) &I AR BAEBES %o T & 234584



A B C

17.6,297 == _I i 1 L.\
LTR pbs p“\I:T\R
Mo-MuLV -L'/ L L=
gag pol env
R
1kb

B2 vavvavzoa TR {GEET
176,297 &vie v r2Mo—Mu
LV? 07 a v v 2l kOB

BTh b, COREEIEBEROTy BFHFHBWL b e v 4 v xR EEICEIA
Thier vy 4 v AEEECIEREICR (T b, TORDERED LT OIRPE NS
AN TEAN BAbEY v Y a3 THBHETFO—DTH S 1786,
297 0EERINEREL, Ve X EOUBERSIAK, ETHT, TO
176, 297 FEh ARFEMICH 2 Kb & EEERFIV~AT5 0 % &HEE1ME
DEWEDI 5 H 5, 2ETET 0 PROSWHEEMELIREL SN, FEBEKRKL2
BFENWSTRNWTHS 9, BALEEEL S oL 9 2HEBERILS 5 Zo0R
FOEBERINERD DT ENTE D, MTICRNZHERTIEEICHAEICT% 9
T EMTER, (Saigo LEREE) T TFIhbLORTFOPKE =004 —7 > ) —
Fuvsr7v4 s (BFRA, B, CTRIIERE T ENTEA, 2 IKRFTL
slchbidviary qv2xDgag( 3T 2y 0%a ~F3T58BET ), pol

(WiEEEE 2 — VT HMET ), env( ML v <2 %3 - F 3T HBETF)
KN T2 EEL bk, CRLDA Y2 FBCRET 176, 297 BEBICHE
Y, vav Y Nz THEEELTNATHAHH s, TI/BICERTHE,
176, 297 OMITH= N YO3BEN b HEEOERNBENC ELHEIN
Fo IV hE Y 4 L RCEEERI R 2 32 THAWIRERRE T ~ N T3 LES
bR poLEEF(B)IKoWnT, T3 /BICEIR LB Lk s b, Toh b2 Ik
IV HEBEINA T L HGEEBERICEENZESINRHI N, T BEET2EY
BTh, DU TIT 429 4 M AFOWEEREE T 3/ BEF VLT



30~40 PRBRECHEMERL, THK<Y XDV FrY 4 VX ThAHM—MiLV
(Moloney murine leukaemia virus) =7 )L ba v 4 X THAALSV
(Avian leukosis sarcoma virus)& & 20~30 2RBEOHREMESRL %o KIC UL
PE Y g RDT R Y v RFEEE R PTHW 2O LT R OEHEEIE, =v
FYUVFRY 4 v XALSVERG6 0 2BEOHEM BRI, 2LV br vy
2 E L TEERZEBRG Y 7 F vl 77 v OALEB, % 7% RN A LOMiR
BEOBIC t RNADFEELT 514 ~— L LTHBI N 22000 (pbs) £7 5 =
SDNAGHOBBETHALT Y ¥ ) » FEFH (Pu) OFELRE, vimy 4 ux
EOBWHEME R o —0F T OWEIRE L AN Shiba bidv s v ¥ 2 v <z
BRI Y v AT ORET AL %2R LY, chpvdh vy av .y
S Do T RE HETFO— copia DRNAFEH S EFHLALK Lo T
copia ABFEMADN A & LC, MlENIKHEEF L AP TnaY, cofk
W av v s zOa €T CEETHERE) A VIR Y 4 A XCENWSDOT
by, HEEBRBEEEB LAV I Y Yy VA THo kDO TREZENSLEEL bRk, o
Fh, R3kRTLoOK, TOWERV Iy (v XLy v Vv "zt =y
MV ARETECEDRTEALI T, BCHEETEVS ONELM L THRERS
WHEBLAEETRL TCE LB THOE T LY > THNWEWTSHH 9, LTH
Tzl onvibey s v OB, <9 2@ AP (Intracisternal A particle)
EEN BT 4 v ARRTFHRICE TN I2BEERCONT LA EE L bh A,

ML P a7 g LA

/o

a Y g NI =7 1)
&) (LT (297,17.6) vihaew gz (AL-SV)

B3 vieyvsrxE®{@ETFOBRRKR



3. BIKCEEBTF 176, 297 OBAEBERNER

LearT, B{EEFI76, 207 3REGEDNAOEOL 5 ZES HENIC L
TWABETEREECH, YaUJa v <Tex b YREFHETEEAEE 3 TATA
TA EWOFFITHLZ Epibhroke Lrd 297 0B COMRFIEE IICH 3
X P VBEFORBEEMBER TH LRI A Ky 2 A ThHDHT Db o7%
FCTChORFIBALEREEREDR D D0 EO Db, ¥ 3V Y s vAx
REEEETFFRL 1.6 B8BAINTHAUBEZHE N, TOBREIFIKRLEL
, ZET11AHAEAD (T)ATATEVWOIRAZRH L THAIhTWHOT
BZzwvsbEL bhks (Inoue HRFEE) 29 7TIKDOWT & Rubin I X b [FIEE
ThHEHEEINTVWEOT, ThOoERFEBABERRLEZROLEEL bk,
LTAT, BE1T6, 297 HCORMBERERETRIOTHSL S50 BENEIL
OBBTCOL 9 AMWEIREE I N O RETBER D & o % &L E LD OBHE
MTHAH9 TZTZD(TIATATE W OESID, EBAEWMOREBERIESEX L

F£1 vevYavSzabTHB{RETL 7.6 0464
DN A$BAVCEE 3 5 Vi
(Inoue HHEFE)

"*—1 7.6——’—
1. AAAGAAGAGGTTAATACAAAGATATATAGTG..... CAATTATATATATTTATTTGTTCT
2. TGTATTCTTACTTACATTTATACATATAGTG..... CAATTATATACATGTGTATGCAGA
J e et CAATTATATGTGTACTGATTTATT

4. TCCATGTCTTCGCTACTAGATATATATAGTG..... CAATTATATATATTTAGCTGCAAA
5. TCACCGTTTAAAGTGGCAAATATATATAGTG. o vvviin e iieiiieenennrnnns
6
7

. TAATAAAGTTATAATAATAATATATATAGTG. . . ..CAATTATATATATAATATAGCGAA
. ARATATGTGTGTTCAAAGTATATATATAGTG. . ...CAATTATATATCGTAGTTAAGACC
Be e GAATTCACATTTATATTGTG. ... .CAATTATATACATATGTATGCAGC
SO CAATTATATATATATGCCATATGA
10. TAACCACACCCCAATATATACATATATAGTG. ... .CAATTATATACATATATACATAGC
1. ATATATATACATACAGTTCATGTATATAGTG. . ...CAATTATATGTATGTACG. .. ...

(T)ATAT



Before Reg-0

“.“*l TATAT H coding sequence |

After A 6 \

“—297 —

tatat |-. TATATh-{ coding sequence]
‘—*'::ﬁf L“‘*ﬁ:]j
reg-O Reg-1

B4 +avvasvSzargEmdler

176, 297 OFAIK & & % o #METF

OfEEO AL
ERNTWABEKRI F XKy 72 OB O—>TCHBLENO T EVEBEABKTE
OO TCHE W EEL bk, BHENICHE4IKREN AL O, 176, 297
(T)ATAT E WO BAIZRH & L CREMADN AFICHAI W B, T =B
BEBTHHEVICEAFBLTEABE R EETLHO TR WDy BHELEYT
HARZF 2Ky 72 EIRICE GICERE 2538 32851 (BIPM &R Lk ) BHE T
BT EBHMONTHRER, ThLIXTEFBLTWBFEBROL 5 ZEFTE%R
N EEL bk, ELATEOL S ZEEREHICEH GEEFHBEAINLEE
DLOZCEMBEADTHS S5 Snyder bY HY av P av "TQIFI5
Ry RIBEFOFRITFARy 722 ETHEEH GEEFO—>THHH.M.S.
Beagle 2MBATHCENL o T2 F 25 427 OEBEERTLECHTME bNALT &
FEEA LAko DL O 176, 297, H.M.S.Beagle EWok l 9 2B #E
Frt, BERBESHMKAVALC LKL VRETFRRALML, BREREIET
THREOHEEICRNEF ENWI T ENTE L 9,

¥ H Y (C

B CEFEBIH TR L O WIEBRMERICA VB2 Ii%E Lic b, HEEil
GBFHFICA > THESRET BT CLICL Y BEREREFR T LT TRL, FEH
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T Twnb, $B{REFIHEHTOFERERYEL T TWELE, A& 210K
FRR BB ORI ENCRA LD DL A — I BEL bNABRENC L 2 Es
bbebl, EYOBORELpEILL VoA KR EARNEHRB T A IRV ER
KANBNEFELEL DN b, S LB {HEFOWTHELIE D AN Hidn
{ob Ol #BEICL TR EE 21
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KIBE O HHRERERL recA— lexd BETFRICL 5 S 0 S FHFeest
Dok LTabhTtnab? , S0 SHRODTHICON TR T, 4
HAEIKL > TERINTWAD TERINKL L, HHHEELL VDNAKEE SR
M, SOSHERKL > TunuCDBEETHHFHEIN, LTOREBTEY
VEREROEFBEB CEEZEE T >0 unuCDBETFICL 2ERAERBEL
FRFENCEHBAIL THNE WD T, T TEHMEOHER EHENT 2,

1. unuCDBEFOBE

unu CDBREFOEERIGEFEREIN (B1 ), DEETFE4 1 9EHECHE
EFH1268kEE, L% VD, TN 18000 L 46000 0A8FROEHYD %
- FLTWw5, DECREFOLRIKEERASHERL2 S D, \wbWsS 0S8 box
ﬁﬁ&Lﬁﬁﬁ?@%ﬁ%%%LTmé”oﬁﬁ%@~m%ﬁlbﬁ%éﬁélﬁ
KDNABGEE £ AR ICL > TP I, wnuCDREFEWHFEL ICHES
ANTWBE(F1 ) Thidunu—lacZBGRBTF 5077 X3 » MEEBAL
RS EWE TR L BFFEIND P —Gal (lacZ OBETFEY ) TH
NBHTENTE o umu WHEHEERFRICEAD LU CHBGTEYHLET,
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TGGCTATCTAATGECAGEAGT T TCCCOOARGEGTTOTTGARAC TT TGTGAGC TTAC TTTTGCOCTTCATTCAGCTTCGTOAT TAATGAGAATG
10 20 30 a0 50 &0 70 80 90 100 110 120

TCTTTETBOGCHCGATEGT TTCTTCTCAT TGTACTCATCARATAGCARRATATACGE TGCGAGCAAT TOLGTCOARCRCCACACTAT TCATACACTGTTTGOGTTGCTTCARRATACTTA
130 140 150 160 170 180 190 200 210 220 230 240

GTTY CTTARCTCTTTTATGGT T TCATCAAAGGTCTGCCAGGGOATS
320 330 380 380

360

TCCTGGETATCCOTAAGTAAGGTTTTAATATCGLCOAL TGCCTG
250 260 270 280 290 300 3to

ACCTGATCGAGATATT TATTATARGATCTAATOCTCCATCTGEB6TT TCOATTG00T TTTTAACTACTTE TACEGT T T TATCTOCARCOATY TCAGTCATAATCAT TCGCCTCTTTARAT
370 380 390 400 ato 420 430 430 450 450 470 480

TACTTCATCTARTTCATAGT TRGCCOGOCOGOATGEOTCAATGTCTTTATT TCTATTAATATGATARATATCAR
MMMI;‘;TMTGM;CO;C“GY";?E,MTMT;I)M" act o sy ’ 70 =80 590 %00

< CCAC AC 5AGAR
TTAATGTCATTATGOCGAATGCTTCTATTCTATTTTTTAGCCOGOTOATATTTTTCATTTETGC GCC
peaaToTlo 620 30 b40 550 670 480 690 700 710 720
-30 20 B -] + HET LEU
Y ATG TTG
TAT TFMTA& T ARCTTCAGGLAGATTAT
o 790 1 820 === @30

730 740 750 760 770 780

PRO ALA ARG GLU ILE VAL THR PHE PRO LEU PHE SER ASP LEU VAL GLN CYS GLY PHE PRO SER PRO ALA MLA ASP
e Pl A TTT AGC GAT CTT GTT CAG TGT GGC TTT CCT TCA CCG GCA GCA GAT

TTT ATC AAG CCT GCG GAT CTC COC GAA ATT GTG ACT TTT CCG CT

ILE GLN HIS PRO SER ALA THR TYR PHE VAL LYS ALA SER GLY ASP SER MET ILE

TYR OLN ARG ILE ASP LEU ASN GLN LEU LEU
peiors TC CAG CAT CCC AGC GCO ACT TAC TTC GTC AAA GCA AGT GGT BAT TCT ATG ATT

TAC GTT GAA CAG CGC ATC GAT CTG AAT CAA CTG TTG A

A VAL ASP GLY
#SP OLY GLY ILE SER ASP GLY ASP LEU LEU ILE VAL ASP SER ALA ILE THR ALA SER HIS GLY ASP ILE VAL ILE ALA AL
GAT QOT 0GA ATT AGT GAC GOT GAT TTA CTG ATT GTC GAT AGC GCT ATT ACC GCC AGC CAT GGT GAT ATT GTC ATC GCT GCT GTT GAC GGC

VAL LYS LVS LEU GLM LEU ARG PRO THR VAL GLN LEU ILE PRO MET ASN SER ALA TYR SER PRO ILE THR ILE SER SER 6LU
g‘ag:‘frA“égemmmTTGcMcmcmcconcnumcmcnmrccl:mowkccscsrmxcucccn'r?kccarcﬁorwrm

ASP THAR LEU ASP VAL PHE GLY VAL VAL ILE HIS VAL VAL LYS ALA MET ARG =sMEY PHE ALA LEU CYS ASP VAL ASN ALA PHE TYR ALA
GAT ACG CTG GAT GTC TTT GGT GTG GTG ATC CAC GTC GTT ARG GCG ATG CGC TGATG TTT GCC CTC YGT GAT OTA AAC OCG TTT TAT GCC

SER CYS GLU THR VAL PHE ARO PRO ASP LEU TRP OLY LYS PRO VAL VAL VAL LEU SER ASN ASN Af
¥
AGC TGT GAG ACO GTG TTT COC CCT GAT TTA TGG GGT ARA CCG GTG GTT GTG CTA TCG AAT AAT oﬁ 3’51 ?;g xﬁ :‘;ﬁ 2:2 g :Z:‘ &?

LU ALA LYS ALA LEU OLY VAL LYS MET GLY ASP PRO TRP PHE LYS GLN LYS ASP LEU PHE ARG ARD CV
S GLY VAL VAL CYS PHE SER SER
GAG GCA ARG GCO CTT GGC OTT AAA ATG GOC GAT CCC TGG TIC ARA CAA AAA GAT CTG TTT COT CGC TGT GGC OTG OTT TGC TTT AGC AGC

ASN TYR GLU LEU TYR ALA ASP MET SER ASN ARG VAL MET SER THR LEU GLU GLU LEU SER PRO ARG VAL GLU ILE TYR SER ILE ASP OLU
AAT TAT OAG CTT TAC GCA 0AC ATG ROC AAT CGG OTG ATG TCG ACG CTG AR GAG CTA TCO CCC COC OTC GAG ATT TAC AGT ATT GAT GAG

ALA PHE CVS ASP LEU THR GLY VAL ARG ASH CYS ARG ASP LEU THR ASP PHE GLY ARD OLU ILE ARQ ALA THR VAL LEU OLM ARG THR HIS LEU
OCA TTC TOC GAT CTG RCA GGOT GTG CGT AAT TGT CGC GAT CTG ACT GAT TTT GGC AGA GAA ATT COC OCA ACG OTO CTA CAA COT ACC CAT CTT
AL

THR VAL GLY VAL OLY ILE ALA GLM THR LYS THR LEU ALA LYS LEU ALA ASN HIS ALA
T

ACT GTT GGT GTG GGG ATC GCC CAG ACC ARA ACG CTG OCT AAG CTT GCC AAT CA' GCG GCA ABA ASA TGO CAG COO CAG ACG GGo 0T
Vai AGP LEU SER ASN LEU GLU ARG GLN ARG LYS LEU RET SER ALA LEU PRO VAL ABP ASP VAL TRP Y
OTG GAT TTA TCA AAT CTG GAA CGC CAG CGT AAA TTA ATG TCT GCT CTC CCC GTG GAT GAC GTC ToG &;‘;?;}gx:iﬁmm
LEU ASP ALA MET GLY ILE LYS THR VAL LEU ASP LEU ALA ASP THR ASP ILE ARG PHE ILE ARG LYS HIS PHE ASN Vi
AL VAL LI GLU ARG
CTG GAC GCG ATG GGG ATC ARA ACC GTT CTC GAT TTG GCG GAT ACA GAT ATC CGG TTT ATC CGT AAA CAT TTT RAT GTC OTG cf"c‘m mx
VAL
ng“s‘,’w'gﬁggag;ggﬂﬂ?sLmauLsua.um.umsm.amvmusc«.nuwu.cchvsscnmsznmou.vm_umn
CC TGT TYG CAA CTO GAA GAS TTT GCA CCG ACG AAG CAG GAA ATT ATC TGT TCC CGC TCG TTT GOT GAA COC
ILE THR ASP TYR PRO SER MET ARG OLN ALA ILE CVS
SER TYR ALA ALA ARG ALA ALA LYS LEU ARG SER U HIS N ARG PHE
ATC ACG GAT TAT CCG TCG ATG CGG CAG GCC ATT TGT AGT TAC GCT GCC CGG GCG GCO AAR CTTT EBCAGCngCAY“CM ;I? $;§CWYTT

§ e

ILE SER THR PHE ILE LYS THR SER PRO PHE ALA LEU ASN GLU PRO TYR TYR GLY A ALA SER VAL LYS ARG LEU THR PRO THR OLN ASP
ATC TCC ACG TTY ATT AAG ACG TCA CCA TTT GCG CTC AAT GAA CCT TAT TAC GOC AAT AGC GCG TCG GTA ARA CGT CTG ACO CCC ACT CAG GAC

£
2

SER ARG ASP ILE ILE ASN ALA ALA THR ARG SER LEU ASP ALA ILE TRP GLN ALA GLY HIS ARG TYR
GLN LYS ALA
AGC AGG GAT ATC ATT AAC GCT GCT ACG CGA TCT CTO GAT GCC ATC TGG CAA GCG GOC CAT CGT TAC CAA ABA GLO &; g:‘ﬁ ﬁ; gg % g

PHE PHE SER GLN GLY VAL ALA GLN LEU ASN LEU PHE ASP ASP ASN ALA PRO ARG FRO GLY SER GLU GLN LEU KET THR VI
TTC TTC AGT CAG GGA GTC GCG CAG CTC AAT TTA TTC GAT GAC AAC GCA CCG CGC CCC GGG AGT GAG CAR TTG ATG ACG a'\?; ﬁ; 3:‘; l’c‘: Icfg

ﬁi: {*C-? '&:: GLU GLY ARG GLY THR LEU TYR PHE ALA GLY GLN GLY ILE GLN GLN GLN TRP GLM MET LVS ARG ALA MET LEU SER PRD ARG TYR
o BAG GGC AGA GGA ACA CTC TAT TTT BCC GGG CAG GGG ATC CAG CAA CAA TGG CAG ATG AAG CGA GCC ATG CTT TCA CCA COT TAT

THR THR ARG SER SER ASP LEU LEU ARG VAL LYS we&

ACA ACG COA AGT TCT GAT TTA CT0 AGS GTC ARR TAA A eeTCec T CACGTTTTTTCGCTTTAA

2530 2540 2550 2560 2570 2580 2590 2
ACGBEL TGGB‘GMTC‘\CCN:CD.GCG\CTGCOQCMTCAGGTQW; GATARARATAC CACTGCGGCATT A
600 2610 2620 2630 2840 2650 2660 2670 2680 2650 2700 2710 2720

AACACTTGLGOCACCCACT TATECAGLOGLAGLEAT TCLG HGARAL GRAACCATARRATCATABGTGOCARRCGBLOAAGGATAGAGEC TGAAGCATCCTGTGCTCOTARGT T+
2730 2740 2750 2760 2770 2780 27%0 2800 810 2820 2830

2

DEETFES34FEEL LIS, 41 9KEH, CHEFH1253%FH
HbECED, 1687THEL VA D, MBAETO LI SOSbox (SE#HET

DT o) ERNAKY A v XRHMEAI, m—RNABIRL, VKV —

s FESEAI s FER S A (AU, RE, D, KRERT—£-)o

1 umuCDBEETO 1 REEE
— 42—



x1 ZREMNERI D umuCDEGCFOFR

B—galactosidase

Mutagens Dose (units/0Dgge )
None - 54
MM C 0.5 ptg/ml 845
MNNG 0.252¢1/ml 445
4NQO 10pg/ml 949
MM S 0.02p1/ml 312
uv 100J/nf 2560

umuDC — lacZ BEGEEFOHEH ST 523 » Nl CumuC B
WAL, SELRENIE A& 858305 B—galactosidase
(lacZ HBETOEY) #RE Lk, MIEHE 1 RROBH#ER, Miller
DOFHEETL—Gal OEBETITAR - 7o

2. umuCDICL Y BRI DIRREROHFREY

RO L 91, umuCDREFORE &+ ORBEFEYHFEEINTWEDR, %
OB|EFEWH EOL OWEREREFCEELTVWEOTHD 907 HEDL
TAHLTOFFH T, BT o Cleilts ahiefon 0 Ao TN T
5o

(1) BRIN-ZTROFRYE {HEEER

umuCDBETICRE T 2FREROHNY bT OERBER T AR 508 lac 1
BEF Z % BN TEEICT 2 bhTn s (TEICOW Tl Millerlc & 2859 &
Bahicn ), BMEBRERICSWT, ME"® %EAB1157 ® his—4 > His ™
~NOBRERICONTEBLEREF L AFRERBE S LUBRIN AL EEOS
WalTh oo TORBR umuCDREBETFHEZVLEL THERENAR TRND N
B AA T OEEBBEBETHOIK L, FEERGEFT TRSE O EHEERRO B2
FRAINLESLL, BIBERBHERY, BETEGEBRIKLIACLEHE LA
(%2 )0 lacl ZTRHEWHEMAZSVATEET, wnuCDERFEETRERBRET
@, EREESRL SRS (F21E, UV THpy—C)IC L bR % IR
#(py—COBERGICAIT)E, DIFFFRYZEEBE (NENER£1 7D
HWHBW) BRI THECE, b AEEBBRENEEOHEFNICT 7=



%2 EHRBBEFFRO umuCDREN LHSR

A
Relative occurrence of
Treatment Total number of base substitutions
HisTmutanis examined Transitions(%) Transversions(%)
G:C—AIT AST—GEC
Spontaneous 139 13 80 7
(o) *Cyd 247 0 996 04
ICR191 250 0 98 2
MNNG 228 93 5 2
MNU 290 93 5 2
ENU 289 95 2 3
EMS 294 93 3 4
MMS 250 52 15 33
uv 179 72 17 11
r—ray 156 16 41 43
4NQO 223 76 3 21
B
Mutagen Strain Dose giving 37%  Hist revertants per
survival(Ds;) 10%survivors at Dy
uv AB1157 (CyumuC™t) 34  J/of 52
TK712 (CumuC™) 29  J/of 14
7—Rays AB1157 (umuC™t) 45 krad 71
TK712 (umuC™) 41 krad ND
ANQO  AB1157 (umuCt) 125 pgMh/ml 155
TK712 (umuC™) 100 pgMh/ml 16
MMS AB1157 CumuC™) 1.8 mMh/ml 56
TK712 (wumuC™) 15 mMh/ml 13
EMS AB1157 (umuCt) 56 mMh/ml 970
TK712 (umuC™) 56 mMh/ml 1050
MNNG  AB1157 (CumuCt) 62 g h/ml 320
TK712 (umuC™) 60 g h/ml 325
MNU AB1157 CumuC™) 0.6 mg h/ml 430
TK712 (umuC”) 0.65mg h/ml 410
ENU AB1157 CumuC™t) 11 mg h/ml 720
TK712 (umuC™) 11 mg h/ml 685

WIBEPRA~NT b, ASHELERE CHR X N B o g & HExdEE, B85
TRIBICL DHEBBFRIEE % unuCT & umuC™ HTHE Lk, umu CHRAE
ZERETCHE 44 7 OEEBREAFRIN LD, unuCIRREMZ RE C RN
BIEFBIBO I HFEREI N TN D,



(W) PEERHIKHBAINL L ER L o TRE TN AL LNWE ERREN TN 5SS
10,112 = DEFHICL > TV AN B ERERETHERS Nk lac] DEEBHRIEZE
BOBHEr Y L CHBTE Y,

XBEPLU M) FY 6 B—FBICL 5 THEFKINE lac]” ODHEFEBIRE R OS5
b, MBS, BHEANE CHERINLEEERIEEALO24 7, Thabb
BUEEEBICL 56 L L 8E LT B ("2 ),

COEEI X E, wnuCDRBEFEYK L AEERAREL, BEDNASGKOL
s EEEE (IR aEET AN T ARE) OHFHME TEETAEREDNASK
KEDo>T, 4~ 2REWEBFHRIN, TOMEBTTF =~ (A) ORIRGEEA
PHREE Y TN E T AN EL b bo & OBE umuCDBREGEFEWORE E L
T, BEDNAGHEEE (poll?) EHAEREIEY TOREREE BT B L
T AR S TTEETH 2 ( HESE ),

lacl T EL BZh L—HOBRELHO>NWT, EBEL TEFrAZTNEZ LE WA,
lac] ZTRHA:T~G.CEHEOHBREBTELRNWT ETHh COROBERRIAE
H—TF = FAEHRTCHR T OB ANEAL T TH Do HBE, HLADO e—4 R T

Induced Mutagens  Genetic control Mechanisms
mutagenesis

EMS,MNNG, umuCindependent mMispairing

ENU,MNU,etc. - .
(highly specific)
Base chang
V,4NQO umuC dependent  misrepair
X-ray,MMS, etc. -
(non specific)
Frameshift

ICR191 umyC independent ?

2 umuCDEMETHEEIC L 2FRER OGS
HEEER, 7v—av T MERFEO unuCDIRFEEFERI N
7 EFRBROAND b, unuCDHEEEEE L L TBESHECS
T AEEOBEATRITEELLND



X umuCDIREUFRLERTCIFA:T>GICERNAG.C— AL TH LIEFEEE T
BECHWBZLEPRANTNE (R28] o LMo Tleel ROT — 4 125
BEINTYWBIEHBAIT>GICEMBOERE S 9 FHPATE B L 9 %L
Khok&Emrh b~ MCEW O & LIk

@ TL—bu7 NEROEMY
MBEHE7 v—a v 7 PERFHO unuCD BEFIEREREEZHLLD

Trp’10° survivors

Survival

" ) ) ) ) 1
002 4 0 125 25 50

uv (J/m?) ICR191(pg/ml)

umuCtE umuC HIC T v v 7 VER O trp. EEALL
ICR191 UV TOWERAERE /o 137D trp 7V — 4
I IVEROS L8 IFICRIONL TR L Trp#R L, %
N umuC’ BEFEECETE LAV, 273UV T ERLAL
2, M UVTHERLAED ke UVTHEBTLIZZV—2v T
M, umuCt OBEOHTH B, (FEHIAIER S, 1588 )
3 ICRIVIKLAtrp 7v—av7 VERGRLE
umuCD AT HRR R B



%3 locl BETFREBLERFICL > THFE I LEEER,
Rk, 7v—nv7 b EROHES

Total o Large 1

Mutagen constitutive Nonsense 0 dele tigons frfseas}iif ts

mutations (%) (%) (%) (%)
Nono 140 1 ~1 14 >70
2AP 418 20 9 2+ 10+
u.v. 217 20 <1 5.5 7+
NQO 120 27 <1 ~1 8-
mutT 93 8 <1 0 3+

BB ROBATHRAT, FRINLEREREIEHEBIRTH 5T L atbn
bo BREBEFHETI7 V-0 v 7 b BEWOEKy b 24K v P OBIEI L 5 ( 2540
Rl 78 ).

Yanofsky %I L o THEENTNAD 1 3HD trp” 7 L — 4 v 7 b BROBRE
RICONTHRELTWaEYD, s v —nv 7 b EREL LCabhsICRIOL T
A1 3O trp” 7 v— sy 7 NEREBHEL (Tt WEBT 5, Thol

umuCDREICIRG L x4 > 7o ICR191 TR T 5 trp”™ © 9 H2MMIEUV T
I LN umuCDIEETA (B3 ) ¢OT &M, K¥EDOT7 V-7 b
LEREFBR CHLTOBRBFEELTLBELLEVWCEERBR T S, 47 7 -9 0

I EREY =Y 2y Y 0L > THN T O #E 90 & KRB S H
F L7l BRIEKEDS umuCDIRAEHTH Y, Thid7v—av 7 VERTH
oo TOTEM, umuCDBREBEFHEEECL > CHERINLLTERTHEE L TR
BmcpsrctemT s (R288), badicMiler 57 €L o THANDL
NAUVIKL K24 7 OERFHRCAERERBKELEDTHE(FEZ ).

3. unuCDBEFHEEED ELFRRE
umuCDBETFEW TR CTEELRABE Y in vitro THI L X OMEEEH
N B E K R Ve BIRD in vivo TOMHH LIRIBI N TWAEH & o T
Hekd 5, 2, 30HELCOWTUTIES,
EASORUVICL > TEER T b BB T — v OEBF recA &
umuC WoOWnTHEUOThELBLALE TS, WFNOREK TS dA2E < 4T,
4G OETEFINLEERBE LA (KL )o Lo L DNABETZT AMRT



6.0[—

5.0

3.0

Relative dNTP concentration

NN

Control H/r 30R NG 30 AB 1157 TK 712
(recA™) (recA™) (umuC*) (umuC™)
uvo UV 200 sec UV 100 sec UV 300 sec UV 300 sec

recA”, umuC ™, FHHEICUVERK L > THES AR
%'ﬂi7““ﬂ/@%'ﬂ:o

[ 1:aaTp, [ : aTTy,
V) 2 aCTpo (i1 8L b ),

dGTp,

E4 UV 2EmeRET — 021t

DA RXZADNAGHKTT 7 =Y OBRMEALRE L S5 LORRE OMBET — 1
OEBMICEEST AICHEF - 2 —FRETHBo Lim %P i, UVick - CHERN
KEHEODNARY Av—2T LFREL7 527 2 YICFEEINTL BEHIHh
7%ZDNApol1* bbb rRIL, pol/1™ KL 2DNASAHTHE misincorp=
oration DT 2 & & TWE L Cnbo BARE (EHRRE) Mais bR FNE
LABERICEHINAZDN AGKBEREEOGETREL TWayn, UVESHL
7o umuC ™ Bk & B & O ol S FER T pol TF EHEAHEHO ICEINT 2 0
K LT, umuC” BRTHZEL(RP T AL RMLA (KB ), TOWET 5
v a¥CLAin vitro ODNAGK T &L Y misincorporation 23EINL T
2

Th 5 OMRAD umuCDMEFEWOMIE L & OBRL TV ALK S TESHE
O T FElohid iz b n,



umuc’ umuC’
Uv 100J Uv 100J

} |

w

3

)

w

uv 0J | uvol
}

~
-

Polymerase activity(x10"cpm)
=} ey
K
%

o
L

L Deesene.
010 20 30 40 0 10 20 30 40
Fraction numbers

wmuCh & umuC™ MIICU VIBRHR 5N b DN A SRBERTE
HEAE LA, REIO7 52 v 3 » ICH L ABEETES L uma C
TUHHEL Tnd, 0752 3> AW umuCt OUV
S ), misincorporation &5 &, UVEEHED &OTH
WinL T (BERE, REE).

Fb5 UVERHKL - THEINLDNAGHEEEY

& b Y (C

KIBH T, BEBHRERLERIE recA — lexA METHRICL S0 S Hlges
U Tnh, umuCDHEETIES O SHEREKL L - CHFHI L, TORETEYH
ERERFFBRICHEEE 5, COBETERIN2ERERAEEBRH K
WD, TV—Av T VEROS T ORMETHEEICEER A BRI T\ B,
BMEF &2 n—Y ST, uwnuCDREMEERARMHBORMAM L 2 (B
HDICEINDETHH 9,

BRI T S AR A EREREESEET A2 TH2 907 SVA0OEEEHET
B HN5S0SHRBLEODKIGE TH bh b & O L FEABEBICL 20Enic
ONWTHERO LI ND ETHTH D, ThEOBEETHRKS ARENFELIN
TWh, Ames test WHEDLNTWLHpKM101 CHEHLESR 475 %3 v Mg
< v XEMmBREI I CT AT A L, BEAKICTORET %L DAL LR
B ERANRE S p T 520 TOMR T ORRALESRICE LTI RS
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1 BRSO MR L IEEBEO T T

I-6
KIBEE Rec AR B Ic T 2 M EEWE
DYEH—EricE b s MicHonwT

H ok iE*

& L & [C

mms&Kﬁ%énéﬁko%%ﬁﬁﬁﬁ@w%KIb,ﬁk%&bé<%%¢
Kk, MoOTEROERFEEWHEBEETHCEBB O ok, BEL, FARIK,
ZRERAER T T ART OBECREEINTE ko LEWHEIK L 2ER/ERO
HHE NI BRREE L VEBIN T, FE, »ABOREREREWHEK
OWNTH, TOERB#EIBLrCIhood b, T4, BETEROPIFE ENVY
2 bH T, ThLAEREZREWEOMED, EBELZFR TR ELEL LR
BLOKh 57,

EWCE, BeOWMFE IV — T TRHIN AW O ONERERYWEONRET
HEHEET AN o, FTO/ERE#E T Rec A BB & OIS bHiE L ABRIC
D& BN D,

1. KBERecAZEH

KIBB O recA MizT i, HEWEHEL, ZRERFR, DNABHE, MEsH
i, 77 - VHEHEOEZOERZMEBECEE T sEETTH D, HLS
Ih, MEFREBML N TRk, ThEOZEIEEESE OB 025072,
T INRecAEHD in vitro OMHETHE T &IcL Y, HEBLHKIN
2oHbh, WPHWwES O SBEICHSRecA BERHOBREIC>WTH, AF 10
HEENEH L7 EWno T LWEREI D 5,

RecABED n vitroDIBEED, B4 OEHRIERERNC, Bl TrTERT
ELN, ThEedMTOZoRAET LT EnTE b, (HEZDNABEEGE
* B R ST




T DM, COERICL b, BENETEL, PL5VWEHABRLIGENETHEEL
b, W40 ) 7 vy v~ BALZSBRNELT 2 EAD M EGME. recA &
EFDBHOCE N ZHETFFHAET T8, RecA EHD, Z{ DY TV ¥
—EARSMLT, thboy 7vey—CL b hTWh 58EFE — Th
LD Y LO—DIL, error —prone ZBEEITIBROMET &5 — R
BB LEELZ N B, (LT oORIGEAE T 5B ICLIEL = 30 ¥ — &4k
¥ AT PRGN,

T b OREIEME, THZ MY ICHIETEE T b, #IC@OMEFEDN A D&
RIS, \» < onOBARIGIC AT T, SEMAMT2EE s T Y,

2. ka3 b & RecAES

b= oS b OFERERFEMD, MNNGLE T LA KBEICE T A% 8 & LT,
BRI h2? s TO%c OSBILaYS, *OMOM A OILEERERES
B T L aMiRics L, ERAREREERT LB LAKERD, $4
KBEOH» % b P HEE L S WMRICE L TR EF-> T Enmdhk, =
Sk, YT ass I YEEN, BAOBENGKEETAZ kL {ab
NTwa, Thfifarhci, =0 bl s nAEEWEEEFEERLS T, b
BREOERRIGINTE, MESoTM&s s $B]RTETHY, coT i, <
DEBA A ¥ 034 OFEBIRE S L O BT EERMT 5, £ T TRecA EHO
in vitro WWH BEETEMEICH 3211k = v b OB O EB/~NTH 7%,
BCHEE 2 A Ok, RecA BEHOHE T 2B A DN AOHESKIGIKK 5
WRTH b, HEZDNAOWEFIGORED DI, W{oOFZnHFEIH
TWnb, b BBAFIRICL 2400, BMBMBETEELZDNAZHEL LT,
CNEBU S EOTEEICRIHECRUET L0 TH b, b0k, “EHDN
AL, TOELLLOWEAAEZERE T o FMDNATHIHE L LT, #H
DHFEO—E LB &2 o> T, bW Displacement loop (D—1loop) %A
BB A RIGE T HHE S &5, KEE RecA BREIC L 5 D—loop WG CaE 4
KonwTlt, TZOEBORMICHES L% ShibataFIC L - Tl TR A I N T
VB0 TY, TRLIELTT oo EEICHAIHE—AMDNAEHTHK
BHEO7 7 -2 ¢xX174°fd 0p0BULADNAE TN OO 2 AREME T 5



PABRI “ A RFI DNA T35, BlEOBEHEM TR I %, B, EEEESG
TTlE, ZASEDNAGAY T 77 4 v 2 —RRFELAWDE, —FEDNAE b
Sy T AND, LoT, “AYEDNAZ HE TEHE LTI, D—loop KA
LAaZ"A$DNAOHN, —FERREHETHOT, 7410 F - +J» TEND,
TOMNT v TEANKBHEORERAIETACEK LY, D—loop OEHEZHIE T
& 5o

" D—loop ORBAME BEICHE L, %% RFIDNA %38 & L3412, RecA
ERICL > TD—loop QI D & DSnT, TOMEES T 5k, HH#L
Kinetics #m3C &b TREnY, CO->ORIGHE, FEHT O RecA
BRREETHEAICRRTACERIIEBTHENTE b, BOTENWEBED
RecA BA % HEZIE, D—loop OIEMOHHIET b, FBHEHITRA ERT LWL
S HEHTIC, BeAOREOHI S ikl s, T30 OBEIKRE
LT, D—loop EHMHEED LH AL, 15mM CTENBO3IEUEEAZLTE
MERBEI N KIC, BEORecA ERFHETIC, —EAER L7 D—loop 23543
HBPBICH T B3V OFIREIARECH, TOBES, TS0 M, BHRER
L, D—loop OfM%{RHE T ¢ho M EDL 9 nERTRE4 REHET TT o iR,
D—loop B / BB ICSE L -C, 1~2mM® = -3 b %3, RecA BEADHIEMEE 2 ~
IfEBODH T E DRI N,

ETAT, RecA BHL, ToOWELRRT B0 I L+ F—FHELT, ATP
EOHT Ay, RERBRICH S RecA EHK L 2ATP O, —F@DNAK
KETAEHE, RFIDNA KRG T 28H0 Zod AWCHILIGRIRT 5 2 &
T& o £CT, ThLITOOFEGETIKREATPASHEICK T2 31 bOE
BEHE L CHcl ©ph, RFIDNA KRG T AEHE 15mM o< bcl b
2{ERE LR T 0K, —FHEDN AT T A2EHEHNS5 0 FOME*ZT
BT EDH o,

RecA BHEIC L 5 D—loop OALICEI T 5 ShibataZoEF 1V Ic L ng, RF
IDNAICHH 5 AT P OAHE, RFIDNA 0F2 6 5L EBCBELTha L
AhTwnb, RecA EHICL h D—loop BEE I N BB, RFIDNA %% &
EXInhiEzbiznwo T, ERXAZoOERBRER, Bbasr kI sD—
loop JEL / MBEORHE & RFIDNARBFE A TP AMOREL, ENKERFLD 9



LE2 b b,

RecA BEEHORBRENOMHEICE T 5 LEORRERE, = -5v » OFfEREME
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OT 7 e —FORHDILINLD7 vt CEReFOMBKEZSBL, TOETE
A% ExBIE LTS, DNAOHEBHRICERT s ofilatk & L TXER
THIECE % h ARERSE ML R (tstk ) BEFEL LN 2, AKKE L 4DN
ABERICET Distk e AT D & e BECHR VRS TE D, Lo LA O
BTEHABEO dna ZREEKCHL T L9 2tsthldB oA o ke S HLICHILE
WHRODNABTEE % in vitro THH T5CE0OTE blM A RIKRERETH 2
BETH, ZELBRWsHRBB LN T FOROENEESICITEETZNWTH S 9,

DNABMICETAZEREKELT, T LAtstRMAREL LN B DO 2 —
T =8 —ERRCH B, DNABROHBO—oXDN A QEERSI T EREIC2
—THCECHBH, SLDNAFY A5 —¥dLbNIHEHECEEBRS T 2o
BECERVAELDE, o€ —THEOREE (fidelity) 2k bNNDNDZE
EFCERERNERTD, ThHOLI o —F— -5 EHhELLNA, T
9 LARBIC S ES5nW Ty xFM3AMIESA L o —F — 2 —FRGEEDIHT 25
AR Lk,

ThE T IS DX - —F — 4 —EBEAFER IO, ®EINIT
a2 [ ChLD@EEAED DR, DNABBORER CHICANTPY —» &
ERWICER T 28E|cHHT 7 45743V, araC 2 ECH T AR E LT
DEINAIDOTH D, TLTZNLIEINTPT —rORH- 5 ¥ ALE LWRE
B E AP LHICIRTWD, % & & Meuth b2 29438 Lk ara C itk T
HAdCTP AT etk OBS—1 0Bl Tk TORBHER araC KiHEER LA

* g KA - B

—105—



DITTHED, FEIFICDNAEROBICAROICTPHHEET A LICL 2HEED
MY HELLIDEB DN B, BT in vitro®DNA polymerase ORIGICENT
ANTP DS 7 ¥ =k ABIICEIL S5 LB Y AT 5 C & ARINTHBY
L LEAE T 9 LEANTP Y =2 055 » 2 BEHETERC S = —F — £ — Tl
A, EEDNAGHOMEICERZE LA 2 — T -2 - %M T5 L %Y
ELTnd, 34BLNES o —F — 2 —OHICEDN ARBOBESZ OO D
N A DZSEH R ROWEER FCER /OO0 B b L,

AT =2 - RHETLIFECOWTHEI KR E LCR Le (£, 815
HF)o 7V OV A~ ROBETH HHGPRT OLRICE LT, HGPRT ™~ #%
6 —F4277T="ttEs LT, $ZHGPRT" #RdH A T HMMHE S L CAREIC
SEEIN BT E R LA DO ThH D, MNNGIIEICL b2 < DHGPRT ™~ # %4
CAMERICS o —F -2 —ZFREQELLEEL, TACOEE 2T — 42—
ZRKEHGPRT Y Td 5 & +5, HGPRT ™ iz —EH A TR CB 2 ICHE
HAM o3 OMIICHGPRT ™ 2> LHGPRT ™ AR %R T#lu%E 6 —F 4 77 =
YL LB, CoPRES 2 =T -2 —REEThThbTHH 9, £ T
10BRREHEBR > AMIRZ v — X ICDNTRICY 7 5 4 itk OB ETFHECE
SR B4R (mutation frequency ) THIE, T bICIEZRMEREK (mutation rate)

momm G A —— A2 % R
%ﬁ%n@z %%%%; - HGPRT" —X

HGPRT ™ —X

HGPRT" — HGPRTY  — HGPRT™

(3a—5—5-)
B o1
=T = 8 —ERGESHTHRDOT B b T~y

o =5 — 2 — R A OB P ICHGPRT™ 2 & HGPRT ™
KER%BC TR IN D
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F1 12— -2 -TBRBBROERTREX

EKHmHEREF
M B A7 FSRF S V==
F28—7 ( BFatk) 094 274 648
Frmut—1 386 (x41) 340(x13) 620(x96)
Pmout—2 6.72(x71) 426(Xx16) 299(x46)
Frmut—3 4.68(x5.0) 436(x16) 672(x10)

BRI RF L Luria & Delbruck“r’)@ fluctuation test W I hEFEL
o TR TTIWRLAEINCH T AHEEEECERI NS C & 2558

ANTn b,
%£2 %272 -ZRKCEHT LB dNTP
7 = QEF AR IO 3 AR
MoK R dCTP dTTP dATP dGTP
Frmut—1 098 115 154 096
Fmut—2 1.85 090 071 151
Fmut—3 102 107 081 090

ANTPREERBEEZ n < b 257 § —xANCllE L, Batko
% 1.0 & LTHE L,

FRETHCETS o —F — 2 —ERGKE DB FAE Lo

RICIHRDS 2 —F -2 —-CDONWT3DDRE BRETFE (WEh & L5
LR LT EERERERLR Lo WITNDI o —F — 2 — § 3o0BETFEI
BNWERER AR ABI o —F 2 —ThAERATEINL, ELIKZALDI
2= T =2 =W EICGR~NZ L ) BANTP 7 — v O35 Y 2DOEALTH B0 E 90K
oW, MERNOINTPEZEERE I o~ b/ 57 4 — KL VE~NA, FORKE
BER2CRTEL DT, Frut—1 & Fiut—2 Tl — 21 Kok L h 238 5
NHSODOFmut—3k CHF AR LB LESE bk 4 Fmut—1, —2 #0OE
ATNETHEINTVWAELI Y Fo eI End, thboflgkicsd
B a—T =2 —EHERT - OFEBUNDE AL EOTREWLEEL LR
Ao

FRAU ECRNA@BD T Y, T£I o —F -2 —OXBEXH LI+ 51T
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ESsThRENWRIN LD o =T — 2 — Ol 3 LICHEDTNE L\, T 2B
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KIBEICE, (DX 27 vaF FEEGE, QEEREEE, QWERNEEE, @2 ex
V> 28, G)DN AT OBE, OEELBES LU, (VUEHR Y EEOBE,

HEOBERERD Y, ThThOBERBICEETABE (B) 4ok hoRE
FTRLALINTHAEY  —F, BALEMIRICOVTEE S TH 590, BE%
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HIINTWAERBEICESE, MILEMIRO DN ABERIC T LR R
ORIBEAICSWTERTH T LI LK o
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£ A4 = —OBEBIE DN L, Cleaver I L A2X P OEBHEXRIB ORR OLLE
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A& (UDS) TRAZBEAFHBOBREBEE ( ZoHEE nucleotide pool
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(BS) key s v mutator
SofE NESE T F o {LHEl, UV, lig TZER(?)
46BR X(r) PLDR™

BELEEE (XP) TOY ) 3 v 2484 (Py Py) BEBRIBORRLE,
WO = 2 VA N3 X RO 18 O L 2 5 TR O DR R L C
VBl F 2 EHBIH bk v b SEEGERERMIICET A EEKR ERE
BEOBREZ T O TWE, U RRF 44 =—X o ~a X2 —FETHIRR T,
XP,FA( 7 7>»=2=8M1), BS (7 —afi) CHEML.T Amutants BOEEI N
TWwhe, XPLEFAEETNFN ine”, half-exe " ONFXEBHFRTOT, ZZTE
ELCBY BT B2, b EOMRCET 2MEEREES b E s, 2a<TF
YEREE TR L CEEL bh i\,

1. DNABE -BEHE s n~F 2 B

MBI OBERONTF « EMHENEIGEH 5 EE L LTROT E1D D5,

@) UV, 7rFa bR, DNAGKERKROMEZEE2L2 h KLY,
6 hEEIClEEEEE+ 515 (K1B ),

b) DNAGHEOHEFEX1I~2h TEE LA D, WRITERODNAAGKD
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Post-UV time, hours

0 2 4 6 8 24
°
=
i~
=] ~_
° i £ Ho{~._  ——Ta endo site
o ‘A 283 ~-- Ab-recog.site
2 100 R
h4 /.—' - DNA synthesis
E 27 NF
° &7 )
o -‘ //
& sok\g

L XP-F ~UDS
XP-A B’
0
1 ¥ vy 2ERBkEA EEE - EREIER)

H A = — A REAIEL (----) KB+ A7 — 213 Clarkson &%
Y VBIM, UDS -2 Zelle 5% L v3IM, Fofbiizso
T — %o Mw [ 5J/dEEERMTOL 091 2x{lieRL, IR

HElL2

B354 ~6
(e)

C, D, GHm

B Do

hicEe 55 (1B, Mo

ZrayxETAY (B1B),

UVH#OUDSTE6 h 3 TICEZEAEE ( " HnEm” ) 28 bh, B
s 557 (K1B)o. XP—F BEEO»%xE LT,

A, B,

(d T4 endo¥BrflzE Tld, Py Py W#IHB6 h 3 TICERMOE A EWEEE

2, ThUBOBANEE X TE b 282219 (R1A),

() Py Py HEMHAODN ARBSEIEM2 h MR THEC kL, 0w
W 52 (B Ao exc M TR IR GEESLA HBE L,
XP—E B LRET2Y (B1A). (HARAE % E T4 endo HH67
W o—B L A WEBHIE T AR L0 TRAE WS, BETo £y v rosn~

FYHEMRDN A

R EIBRIN TN AE,)
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) X(PHH#FHEDOSLDRIE~2 h T, PLDRIE 6 h TIHIFET T 5,
Mok o, WIFEMRIICHE U2 MG E NS ORI T E % 2 8
Hand b, b, —old 1 ~2RMOBAL LITIT6 h T HT D " HANEE”
Thh, 7o<FrEETEAETLIOTHD, 9 —oldd4~6 hbEDrn <
F v B RHEE O recondensation OHED “Wo- (W BE” Th L, ThLEFENL
2 awF B OLERADS U CIHESERAL A28 L 9, UVBHEYIBTE S 122
VT =X BBESNT R TS LB T b o euchromatin & NEME 7 heteroch-
romating @i € BHEIEEMRIC S 50T (Il « BE D kFEE), UKz =
~F Y ORBEFHORLEAVRL DO EEL b b, RI2ICTOTFEET L ELT
Rl7o BEICYL 28842 v~<5 v O%E{l (preincisional decondensation)
el (dissociation) 232 b, #HAI6 h & TICHWEEOS T BELSL T 2, X
OB, Bx b Uy 22 DNABEKRORABEHEHEEN S HI0EELLN
o 6 hIEilh ALEOBBEN 2 7 < T & ERIEEORITE A %518 (chromatin

CONDENSED
CHROMATIN
Damage: .
prelgnclsional Early fast repair
_decondensation IConstant slow repair
RECONDEN-~ WA A
SATION nonhlstone protems

XP factors \mssoclauon

I

NUCLEOSOME :"
REARRANGEMENT !

I
uv-endo(exo) [

:].// Q—DOW}

ligase

20 ougo—
nucleotide {
exicision (~ )é

B2 DNABEEZa<FrEIE
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recondeusation) & L% LM% 9 Th b, FEXPEHWBEEOCH»*RIETHDT,
W { YEBEETEERICETW b, BZIO LIEL LT, Bav -7 6Hh
%% 3 poly (ADP—rihose) &IEEEH 2 h TEBICEEL I 21, ol
EHZ—TI /Ry y T PR T A x B Y BEET » BEOTBE I L A%
WMz oI, 22 vaF PRECEEATHCERAE L2V, so~5 %
BOFRENTBEFRELI 2308 TEEL LN, XBRILA10T1/2
MEO100%4=vr—varWeEz 5 bTAEBTHS BN L,

2. BRUEERE(XP) &BE

(N XoLFAFFEREBEELXPORE

K2 dpEerr o, v M EEMBOSTFEEL, H—BAUV=rF22
T (ZHex0 dFH)IWLDHH204) T2 vFNgEEEL LR, &5
patch- and —cat B TEHZWZ EEEEH I TH %12)0 L2 L KBE uwr ABC

# 3 X PHEHHEE L st

i Taendo AaCHU i co iy g e
o g

(%) . (EB® . £ 7

ﬁ (%) %>b n DO,J/m DO,H: & % Ztﬁ

(%)

A <5 0 <5 1.0 <05 10 + + 35

(10-36) (=)

B* —37 <5 + + <1

C 10—30 5—10 1020 10 10—14 5 + 4+ 20

D 10—55 ~10 10 07—-10 5—-8 + + 10

E 40—60 ~60 60 12 20-—24 2 + - 3

F 10—~20 50—60 ~20 10 18-22 2-3 — -— 4

G <5 <5 0 1.0 0.6 8 — + 1

H* 30 <1

1 17 <1

Variant 80-100 100 140-200 12—15 25—45 2 + - 30
Normals 100 100 100 15 50(45—-53)

a. 10J/nf %2 4B COMMHEEOEE T T5% (EFE 2 70—80 % 1H%k)

b. 10J/n’#, 10pgMaraC+2mMHU T4 hA vFax—tLixtEo
excision breaks @ [F# T35 %,

c. MEHBERERAFIOSMmE
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WO bulky lesions O ) TX 2 Lot F FBREDLE—mn &0l b bk,
ETBRRBEIEES LTpola (pol B4 EMAHICIER ) TX + » 7FHE L, BRI
% — ¥ THEE T 512)

XP i Py Py O#H incision M4 54 % 7o (L4 KIR T 5 O HHHRE & KIA L
ZWXP variant BECHh, ThOOMEE 3 ICEHL TN D, Py Py (T4
endo ML) BEOME Y LWE, FEEA2Z D UVERME T 2BRELR LN
n (<40F) A, B, C, D, GETHAESELACEEREBLRL, BITEK
ZHT(RIA), EEBROBHBERRE L (—HT5, XP-A, C, DEERUV
CBERRERME %R, WMLETCOBEMIENEREREPY (6—4 )Pyo Ko
WTHEATHNENWOT, RNEBRIEBAETEV, HHFEOCH L2 ZEARNI DD,
A, C, DBEXB60—TO0BEEZ K, BEELIHBE (=251 vEAH), E~I1#
OB R 72K, B 3FMBEABRTOMAKEE TS (K38 ),

XP — A BEEANQOD T ) Y [ D= 2 v NirEBE % RBLY, A,

4NQO, uM DMC pug/mi
] 04 080 0.2 04 0.6
T T

0.01

O NHSFG [normal)
@ XPGKO(A)

4 XP2KA(C)

& XPGBE(D)

¥ XP2RO(E)

@ XP3YO(F)

¢ XP2BHG)

@ XP5JTO(Variant

0

0.001 ’7;[

B3 XP&EEOUV(A), 4NQO(B) L UDMC(C) A=H iR
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B, C, D, EO&BEL4NQO B # Py Py B KR &/ LRE ICx <1,
Ll, FREOANQOBEMHE, CRLHFEL T, IIVBERSHETSo7D
®(R3B), ABEKICPY Py KIERRTCE (XP2BI) &, €/ 7£7 b
OBHEVEBF NI =4 b =4 v C (DMC) BFEICH LIEHBIERIG &R T
(B3C)o T¥v=Yv>ex/4WEPY Py ©2 4BMOKED, ART
Zh*h20%, 0%, DEETS55%, 15%, EEET80%, 40%T»h'®
XP TOPy Py Kifd bOREHE AR b b, ANQO, DMC, angelicin 7% &
DM OB EEBESRE S X PRETEWOBERE % &, L b2 P sER
AN B,

XP variant X3 0 4BBEOBENLEBADHEL (F3 ), exci- nuclease &
HERIE® v~ & o83, araC/HU IC X 2BRGONBE b, BEES « Si6
BB ICRIEBHH B EH N 5D (%3 ), 20L, XP variant HERHED
La, HMT e, 2 L 20 catfeine R E (P (4 —(EBE ), BELE
WoOHEBEERTCXELH 530 LB bh b,

(@ Incision DZEFICLD L n~<F 48

9 X PHHAEE ( R R ) KT, 4 < & 3 incision KBS 35, Mortelman
519 (1976 ) [k XP—AMBAE T2 PSEAHE (RABOLMIY =4 — 1 ) b
Py Py #BEL%WA, DN A2 GEEART S & EBIICRE Lo L
2L, in vitro BREERONEEECEE S 2 2P BETHT ENDL, WL
SHDBRIC Y 25 b THHEN % b 5 ko DILHLIUL % b FHIC K 4 < —45
BY% in vitro ROEEHE & BREIT 19 %)

—SEn, FEELT BYy=s—1V, Bifiza<Fy Bty osn~
Fv, WHDNA%MY, XPrENM@RMEYEREZE LT, BEHPY Py B
Futhat Liko RARBERERL, A, C, GEEOMEWEDS & LFThFhDs
BT b Py Py BETEZVY, BIELR P> s7n<F > RHEDNAL
LIEZEBVNABRETE 2T Edbhof, EHMIEE DESEOME YL EA %
EBEERNTY, CORTERETE 20 T 7Ty 1R, DEXEBETHIEK
LB A%\, DEEOTRAIMABESE L &L CDERTORNTOHRE « fFHO
LN DRIECRREIN bo in vitro BREREWVIGIRIE S 525, BEENOEN.

—135—



#Fd4d EEFICXPZua=Frnbdin vitro £4 = —Kk

#* ge HHhb FIG3 0 8wt 5
(zm~<=%>, DNA) (mg /assay) Ao = —E (%)
E# (NHSI—6, NHSF46)
LMY =4 — 0.4--0.6 29—35
DY =4 — b 05 36
7 B = F v 04—0.6 28—40
WM DN A 0.4—0.6 30—50
XP6KO(A)
DEEEY = — 04 0
BEEZ v < F 04—1.2 3
WABRED 2 o~ F2° 0.6 25
WHE DN A 0.5 30
XP2KA(C)
S n<F 0.4 0
HAMERZ o <50 0.4 30
hH DN A 04 38
XP2BI(G)
BBt o <F 0.5 0
HAMER 2 0~ 50 0.4—0.8 20—30
W H DN A 04 30
XP6BE(D)
BEE o n =5 v 05 20—28
WABER 2 v <50 0.4 25
WH DN A 0.4 30
a- 100J/n BE L/cifgs SER% L, 5¢e DNA/assayORE %
AWni,

b. 0.35MAEMETI LR} 22 %Nk sa<Fr,

A, C, D, GBETHDL, UVZI U FRIVT—HET IV X2 VT —X¥OMEM
BHEET A0 LFEah, B2 WRTL51CH e = b »HHEEEXPET (<
EdA, C, GRF) W2 e ~7 »FIFKET L L CEEREOREGEHMIERECT o
vy VY I CBET B EEL VR T 5219720 oS EERGBEE L T O
EZXeEHETHHBIEE bR bo BEhnb, XP—A GHE~ODN ABAERT
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3 BRS¢, FEREHOZ v — LREFEWIC X AEIFICIIERE N,

3 CHO UV® ZR¥EXPEOLE

Thompson 52V 143 CHO UVS mutants #98 L, 2EMMRAER EHE L b
SHMBETIRE Lk, TOEBEEREICT L O THE, UVEEESME (Do T
3~84EKD, n=3~4 THEHEXP XY KEN)T, hypermutable TH b, T

£5 CHOUVS BAEKE ~—2> 1t (14 34]) oBaEEHY

UVHEHRSS
R R B K GIVLY MM e, UvEs
y o)
HE

1 UV—5 59 41 4 04 35

2  UV-20 76 53 4 04 100

3 Uv—24 5 ~3 3 025 3.5 <10%  Hypermutable

4 Uv—41 2 ~1 3 025 100 (10—fold)
.5 Uv—i3s 1 <1 4 07 S
Wild AAS8 18 20 1

KEWPY Py B (b 020-30%) &3 LICKE, WFAL10FUTTD
Do XP—ABEIMM CICh+hBBEtETo 52%, CHO2, 4BHL70~100 £
MMCSS %R, XPHFADL 9 #EHWE 4R TOT, XPE LT 5 Rubin
52 UV—20, UV—41 CHOCHeLa DNA%BA L, MMCRIRTHABU
VEHEOZ Y~ P DNAZ L OERBKE B Tn 5, HECRELZXP~O%
Al L, COFETORBEERE >TW B,

3. Fanconi BAmiE( FA) (#F/snX V> /81
FAMREZREEREERE 7 n 2 Y Y27 HFREOLEBHREE ICBERZH TR
32), 4 3 F AfIEAMMC, TMP—NUV, cisPt (1), DEB(diepoxybutane)
CHEBREMTH D, & (ICMMC, DEBICEBREZM TS Em3H, —F,
XP—AMBL TMP, cis—PtICFA HEEZHEZRL (K4 ), FAEXP-AL
K2y 5 vy BHBOBERED L LB T2, FALXP-ARKERITE 2.
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(A) MC, ug/mi (B) Near-UV, sec (C)cis—Pt(W),ug/mi (D) DEB, pg/mi
0 05 10 O 20 400 5 10 0 2 4 6 8

i 00 T T T T T T T T T T
> \ _ A
i0 6 M TMP
-1
210
> L L 35
> 1.0
g J 3 0.55
7] .
=2 n-1.0 300 | N pen
10 “ oo normt 10 5 O NHSF6
L L 3.0 L boeto ® FA17JTO
nao @ 33 Do-d.2 |OXPEKO(A)
Do=3.3 sec ug/mi
ns1.0
-3 Do=1.2 pg/mi
10

B4 FAELXP(A) DI v =Y vy HREHE

EXPONENTIAL CONFLUENT
Hours after treatment with MC
0 4 8 12 16 2024 0 4 8 12 16 20 24

R o

i T
0 i

@ 0.2} A Fr(hap)-it I D Fr(hap)~it
E
[ T T T T T T T T T
§ kQ ¥ o= X
£ A~ A T o
3 L
a L
4
g L
5 L
§ B Fr($1) E Fr(S1)
g T T T T T T —
& TROvO—
0 O NHSF46
05k ® wi3sCT-1
r X XPBKO(A)
_ O FA17JTO
A FA20JTO
0.2 V FAGM1309

C alkaline sucrose ¢ FAGM2053

5 MMCERM2 = =)~ E—BUE
A, Di~4Fmxy7i24 A4, B, DiSI—X7
VT — LA, C T ad Y EEEOONT

(SRR 2 6, 2 T&R)
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CROSS-LINK REPAIR

T A C AT A AT AT
)
TECT A T T ATA
l Base excision 1 2-cut
1st step
A C AT A A TAT
C T A T A T A
— e B bvrn e —_——
¢
1 AP endo-exo-pol-lig Exo-pol-lig
2nd step Nucleotide excision

®6 7ux)ysEEOREET L
(B3 OET L ZHA )

MMCZ%2 %Mz s, FAMREMMC 2% R B OS—E IR 520K
B A, v bEH EXP—AMIRLL 2 BERIOEMM TH® BT 2P T ®5 ),
DMC =/ Nz FAREEL, XP-ARKEF 2D, —F, vsvon
B OMEBMNE MM C BB L b 2 5o ICE ¢, fEa k& AT
FEAIC, BERSRETEDOSTFHED b ALY EBbh b, BI5EEHICR
TI9K, v FEBEIXP-ATII Y7 AT b Go BITMM C ZBEEBEE % K
HLD, 2HEEOREEEESOMENTRIN b,

B6 L EOREICESS, 20222 2 BEROATFEF L &R LA DT,
F—BRTEEHOLBWE L b EXEUERI L EX 2 varF MOBROMBENEL S
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{, BIETHAVBRMAMDOR 7 vAaF FIREBE TSS9, 20X 5 ZiE
MRS I RIS uvr ABCIC L ASE—B 2 2 v A F PBHE LS TRERIBHELER 2,

4. b MARROEREHE (replicative tolerance)

1) & MARTORIBED N AES

LM C bulky uncoding lesions @34 2L, @ translesion gap
~filling, WP 2B, ©SOS-gap-filling , @7 » — 7 * g1 3=,
©v7Y a3 vEE, REOELDEFANRMINL, @—OE—ILOEEREEEIC X
VEZ#C AV oD B, DOFTEHEEE T+ 3 HH-DNANBATEW TS 57
Btk & i %, BEBME TOER Y 2 OpitkoEE (K8 LR ) 2R L,
L C K XP variant CTEHHH—-DNAZEEBEDNAMETTLIZNWOT, 7'&
» 7 BB OB BN REERO S 2 T L FR LT 21,

R7dv 7Y a>dihFE2 —4@O4 4 ~— %A UVHRBBHERICL O

300 - A, NHSF6{normal) B. XP4JTO-I

00

Mw x 107%

00

O ~UV
@ —~UV+Caffeine
0 +uv

@ +UV+Caffeine
O i i i L 1 1 i
0 i 2 3 0 I 2 3 4

CHASE TIME ,h

Bl7 EEFLIUXP variant (XP4J TO—1) ©OUVRBHED
T BRI L ASTERM(ITERS L)
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— 158 A 25 LaRTFEE Chase BHIC L 20 F B ($HHBELHV T
) 3OS ) ERLTWD, EENHSF6MR (K7 A) £ XP-A(ERAL)
TR AEBRO—BNEY e v 2 (<1558 ) OroAFEEIEBFICHE LD
X<, chase Bl & EJITHITLCHFEEEMT A0 THEMFREL VI 2 YRS
BRBIKE > THES ST 2WL, 1mMA7 -4 ¥ b HREAZ NI XPp

variant iR (R 7 B ) TR ZT v v 2 03Kk8 (, £1<=—HAoFENERICR
LB, chase BfHl& & R ICHFHML, LV ENEMSTECL T 5529 |
TedioT, VbW AEMBEEEICET BIBEF « » T OERETOBBTEE <,

transdimer S A—BHEOWH T 2 » 2 00L, PNKCEEBIKCES, vy
IS F T H, XP variant TRHF>¥~v— MBEDTEEMRL b L hxhEw

TRANS-LESION SYNTHESIS
IN HUMAN CELLS

(1) Early time bypassing

o] o) o
! . ! oo !
lReplication
transient
0 block i i
p— N,
/ \ / \
Bypassig without
1 strand interruption
fo) o] o]
Lo I . '
; A
long-lived
block

{2) Later time bypassing

No block: normi-sized DNA

H8 v Ml coFBEBEENAEET A
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BT oy 2% L, caffeine FESSHIIC long-lived block % g 3529

(R7B) EMRINi,

MEO&ERL Y, v il CcoORBHERTEOET+» %R KR L% Thid
bhbhOBET CORRTHBEEL THALIOTH 5, HREMKEIVT )V — 2
TEZARMCIBHITT T T 5, BEERL b 28H T COUPcHBEB I T
v vk 2 FaEC#mEL, RYOF 1 = —Ec—iBT 2 » 2 (<15
D) BV, BT oy 2 hlENg U B, TORIBEX « » 7RI TRIBGE
Wrl, v7YarElETii b, BEERERCHE—BET = » 73T 5%\,
&%, pole, polB%rf\, HIREEEE K %7 54 <— &35 in vitro $X174
HWMFTH uncoding lesion (Py Py, APIHL) TH7%Z VIHRHT = » 2 294815
BHE1OFH T Y, relax FHTHLERO 7 — % WAL L, FEGEKR
BT AT EDNWEIN TN F7IGRLAL S IC, MIRER Y 24 ¥ T,
in vitro £ Y, translesion &Aldd o EWRI( R A -2 BT HEELD
Nbo long-lived block{IZHv 7 ) o X FEDNTE 2\ X 9 BREHHBRG AL
WKHEE LR Y, TEZEEEMPEEE 3 > XP variant Tk caffeine T X o CAIR
LEINHTH 59,

2 SOSHFWEW@L?

SV40, HSV—1ZEDQU AL R e 70— 7 OFmoi BRET T, £HERLERE
ROFGEANR bh, WEENREBR IR THi, Lo L&, BiEmoi BT
VT A PR AN R, EREROFEHE LRI bW &, AR
EEFIEASVA0 R EDY A V25 ) 2 OBREFFOMBLIC L B T & HWEIND)
FERSOSHfE ML ThaL 9 Th i, BEICY AILEMERERICH
HERORWTZ &, 777 - YAERIVEDRTOL L EJIBIAETD 5o ERE
Rt 5 - QEHBBEEWICER T 52, Froddem iy (RIE, Bifs ) K
Lo TETAOhd Lhiin,

E I
AU LB AR TR B OTMIC Y > TETIN %,
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% 1. Ataxia—telangiectasia BE ¥ L U IE¥ A BSkOEERE
HFMETOX B LURNGRFRLCHRREBECTT 5
cytosine arabinoside OXhFE

POTENTIATION OF X-RAY- OR UV-INDUCED CHROMOSOMAL ABERRATIONS
BY CYTOSINE ARABINOSIDE IN NORMAL AND A-T CELLS

Dicentrics Chromosone Chromatid
& . .
. deletions aberrations
Rings
Normal + - -
X-ray
A-T + +/- +
Normal + - -
uv
A-T ++ ++ —+

B LT\ B TR b S0 ) UVtaraC & o % 5 72 < R o 2 HES

LEZ REREARE VEROER 28T E00, XBBEEO I HELKUYV
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BT AEENEET AN, EEMRIKEATE, A-THRICERINL THW5%2AL
POBRIC I > T2 bh, TRBOLEFEERE L L TOIFEDLDRL TN L ENL
Bo
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Relation between cell killing, chromosome aberration, and SCE

Sensitivity to mutagens

Cells Sponie.  FITUV  iNQO EMS MM
Cell killing - - - - -
L5178Y Chro. aber. - - - - - -
SCE - - - - - -
Cell killing + ++ +++ -+
ES 4 Chro. aber. -+ ++ +4- ++ +++
SCE +-+ +++ - - +++ -
‘ D37 {wild) net increase(mutant)
Cell killing, x=——"F""—" SCE, x= - -
Dgy{(mutant) net increase {wild)

net increase(mutant) —

Chro. aber. , x=

7 0.75=x<1.25

net increase(wild) + ;1.25=<x<15
- ;1 =x<15 + 515 =x<2
+ 5 156=x<25 ++ 52 =x<3
++ 5 25=x<5 +++53  =x
+++ 55 =x
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2 HBREEBEMREFE LML, VX27OEEEXFTORLCE T EE L OFRL
T A bR WERD B, CCTHFNLOMEO—D L L TRIEHEERTO
WEBORE L BREREREOLERH L KONV TEL Thik\n,

1. BERES T ORHRORBHRER

BRE—RICERE LD AHFABROREEH 10 rad BIETH D, £ DER
BRI OHFRERERED, B, THERTHBONAER O LHEDEEFER
BHEEZ LR TAD, Lnl, BEVSLOMSHET IR E L RIEHEK T
DERERFRELGEREZE L ABELT L IESN TEZNEWL SR
Bo

Plaik, 253 OBERETE (ah/a, a)/a,) OBRERERLIGEL L
THEDEBRERET A0, v 5 VMR ETCO £33 2R L CEERE D
£ THi - R EBRCRTABRO BREPRIRL b (B1) Y, Fabb, B8
EOBWHAHTRREROBMICY L TERLERFRERLEGN CHEMNT
%, BEREXRA CRERROMNELREROBEMEBEBRR TS
COHEBUOWTHREHKEW D2 OEROD THOATEETHD, &
ERERICEN THREDRERCRE T 2ICERE L ARICHEX Y TAEE L
ZONE R bRV, 459 %Y 227 OERMERE AN BEIC S R FRHE T
* BURUR S AY
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Reversion rate
(Px109) ’

B;=(~0.0341 + 0.0019.%;) 10°° ,
291 X;< 590

0.5¢ « e e

i
|
e __:_._/’ ~ ~ ~ 959 contidence belts for the true rate
[
|
:
'
!
t
o N
o [ T i i s00 i Dose rate, X
65 106 179 291 366 590 (prd/hy

260

BJ 1. Dose—effect relationship over uranous outcrop
(Delpoux and Dalebroux,1981)

HERIRENO 2 WSO BEDRBEASEER RS TR S h 2R S LR
Tnd (RFHFE),

2. EARKERLOEE)

M ERER, PaERE R ECONTEEOERE Y b Thb, Thidd
RS M, EHERER L VIV TWaTE« OBHR, fliE, BE, ®8E, A
HETOMOE  OWBY, HEOLBERS DY | TR2CHET S & & IERATEE
ThH b, it THEIVASLVOBSHROEWENHEL L bRBEDICETELRY
BEGE TG L TERETH T LENBERINLY, ST LN EZWEBHERE LD
LOWEAR S », T BRERKLROBESCLTIIELZ E2TAERL 2T d %2 b%
e

HBREREREBOLEBCOWT IR E ST S E, 259 % =279 OHELNEMH
Mk e JRZE B LR (M L NEMROER & TH 5 F aORRICHEET Hit
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BNL-4430 * ______

;(1(_33
P~

w
T
P —
PR —

N
+

NO.OF SPONT. MUTANT EVENTS /HAIR

—
T

T2 3 4 5 6
Bd2. Variation in spontaneous mutation rate in different
clone of Tradescantia
EFe~TrldDORHMT, BETERERAXL COBBFEOREZEN LT S &
FoeESERINT, MRAFREKZ L) L 2 ERERIR 2 ORT L 91K
ML 5HRBERERROENTLHTHE, Blb, BNL—0 2 57# ( BEHEER
i) BNL— 4430 %8 ((ERERFERZME )IC bR THRERLTRE R
KL, TARXOEBRI NIV, BIBNL—4430 TEREXKIEF L, FHIE L&
BHCKE N, FBkARKIC L M OEWET LA b1,
RFA—FHOBa Ty, BEY, AR CORFORET T BERIC L b2
sz bn s (%1), 5 rECERESEER0.742 x 107 D LEHE 0480
Xx10  OENHH, THEZERRD 35% 13 ELTWRD, ALICE F DBAI
YQEEREOHBEERES L OBRTH S L, FEFHEEKREENNEG & &
JICHEIMT AT EBHEIN TN D, TOL I AMEI L 5HREREOLEENT »
5% va sy ol L NERMROBRERT RO bR TS, cosary,
v b QG thRE OER L LMICE L 2B EOTEICES T 2 B RERERITE
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x® 1

Spontaneous Pink Mutation Frequencies by Year for Five Years for

Clone BNL~02

Date scored No. of hairs Total hairs No. of No. of pink
per flowert: S.E. scored pink mutant events per hair
events +S.E. x1073
1871 321.0t 8.53 971212 658 0.716% 0.0421
1972 307.8: 8.77 426058 322 0.742¢ 0.0499
1973 319.3¢ 6.80 200901 142 0.710¢ 0.0821
1974 357.8+14.35 137512 82 0.580 0.0916
1975 368.5:19.07 293757 198 0.480¢ 0.1507
1971-1975 2029440 1402 0.689+ 0.0309
(49 replicates)
(Underbrink, Unpubl.)
® 2
Spontaneous Pink Mutation Frequencies for Old and Young Plants and
Inflorescences of Clone BNL-4430 (T. hirsutiflora x T. subacaulis
No. of hairs No.of cells Total Pink Events per
per flower per hair hairs mutant hair
£ S. E. scored  events + s.E. x1073
0ld plants
Young infl, 362.9% 7.40 - 113652 410 3.61 £0.22
0ld infl. 372.5¢ 7.51 - 114576 364 3.19 $0.23
Infl. combined 370.7% 1.79 23.5 228228 774 3.40 $0.16
Young plants
Young infl. 367.4:12.74 - 112669 583 5.17 £0.27
0ld infl. 346.6* 7.82 - 96119 508 5.25 £0.31
Infl. combined 357.0%10.44 23.0 208741 1091 5.21 £0.20
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WEMGEOEICEIT A L b & » 223, FTh L OEWE L OTERF OEFICIIE
Foizn (]&2 ),

PR RE ST ERERERROLBEEYEIC L WVRZ->THENE D, Wih
AMGSHn—D0BRE L TIERAT A2 EEBELNTHS 9,

C N O

—, COBR BT TR L O ICHREREREIRE . OBRICL b+ HEH)
B% 3o Tnbe BEVNAOHITRICL 2FRERLER 2FHET L c0CHE, &K
FBRIMALE L THN 2EYBORR, ¥ LUEARRILIEROBRRPEE 2 MEL %
o TLIC, TENOEWELE 2 LB T TR BAERARRICLIE
b b, o THRBRERRMEL, D ORBREO NI~ SRZMOBMR T
B T b DBREERURRIC L BB ML, ) X2 EHET HDICHLET
Hhbo

2 E X B

2) DELPOUX, M. and M. A. DALEBROUX Genetic  effects
on the a1 /a1 az2/a: system of tobacco over a uranous outcrop in
Lauragais (Aude, France). Mutat. Res. 83 : 375—382, 1981.

3) MERICLE, L. W. and R. P. MERICLE Diurnal tempera-
ture difference as a modifier of mutagenesis. Environ. Mutagen
Soc. Newsl 5:28—29, 1971.

4) SPARROW, A. H. and R. C. SPARROW Spontaneous  so-
matic mutation frequencies for flower color in several Tradescan-
tia species and hybrid. Environ. Expt. Botany 16 : 23—43, 1976.
UNDERBRINK, A. G., Unpublished data.
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VI GEIE ) R 7 M 72 D EER, EET 7 e —F

VI-1

AR Y R 27 IO 72 &b A Y,
RS T 70— 5

*

g OB OE R

TD+ty ¥ 2 >y TCOFEOFNL, HEBOREWEBCET L2305 05 5 Th
%o

EFREORERE, FEBHEECELE I TRWAOKRMILT, BEEFROH
RECHEOEB 2, LA L, BIEOBIELEECERMADLDT, LnTHE
THhE, ENBER, <Y 20F— 2K I AEORECR B (KA ) , Ltk
HEBEORSEMD, Y vORTRIFEIC Lo To & ib (FIE ), BARTHERTS
KT Y2 e ned s> Tnd LS EHEERERY, B~y 2O0XHBHICL ST,
FHRICH O DN B2, TOHEER, ¥EMM S MR O®IE S EBHIC L 5
BE, BRTD (B )o F+ 4 =— 224 2x 2 —ORBMREESICXES H
UTREAEREEAETRCI AN (EH ),

Pl EORERE, thbOBSBWOMMRICE, 58 ORSIEH e e
AT ETECRT TOMEED, MERNOBEFIAIZDN ABEERKRTHES b
OT, HMMEMEFEO 128RE L L Tsb 3 ) 2 DICKHHEDEN — £MEER
OHRMPREHRE — LEALDN B, T OMMMAEE, ~v X, ~axs—
EMCES TR DT &0, Key v Y CTREANK, =7 ZAOBEHNEED
F—s5—%BAT, b OMER ) X2 2T AFETE, COBWNEAE %S
BT» 5,

* RIRAR RS
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VI i) A 7 Ml fc s o vy, EENT 7 e —

VI-2
AR BT 5 DNABE OELE
& Y th A 5 H Ak,

mohom R

& L & I

e bCENATRERNWHINIREARY (BELVL )05, HEREEEENL
ZMBNIGE IO TTOREERVEBTFEHNBREOLOEME CAELALI O
DERWEET ST LEARFETS 5, EFEMMICHE U7c DN ABELFD N AR
ERT, REEERL L CEEINE L, TOREE b DR OKREMIIRR,
RE~OBBETCHWKINTLE 9, L L—ERTE O & 0 LBRIRE 2 K
LPEER FORBEEMKE S TFEE L L THEIN S, Letis TRELV A
TOYROBEREFRL, EHEMR TECADNAGEXBHLEEL O DN
ARBHIES L TERIE SN AR OREHRED # 1 7 LEEICK & EESh 5,
T T TIRAETEMRRD 7% 2 C % SEHIALIE B SR © B AR IC et e R A4 U AT
MR BT ORFBIC DN TD N ABEOBHPEHEOE & b e ER T OEN
FEL THi,

1. BERICHTDRT~ CmBH

Yoo RRE X EEBIH R CET RH S HBE OB HBEREZHEE 1 R L9
[, SEEH1 2 ABBBE I n WKL C, & OMEE ABRsT-41 5 © I3 B BE 7i1
O 2E LB/ b,

(1) UDS&toME

INEDNABEOEI LEL THELE, FNEPDNAAK (UDS )05
RIS T OFRSIC I R E 238, HICUD S O bh i Wi IR s
* REAFEML S £ £ — « BEFPHRE
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80
7= 70 { X-RAY: 500 R
= 1S :
o 60 50 MG/xG
= MC:
§ S M6/xkG
U~ 40
-
<T
=10
] kDS — DS — <~—NO UDS —>
—a
=
=10
=
=)

o 6 1z 18 24 0 & 12 18 2 0o 6 12 18 a4

TIME 'AFTER TREATMENT (pavs)

1. W& L OYLFWE T 878
BoxT— v REH

BB T OB IC R R 2R CE LTV 2 & 1K b UD S 25D N A O
BEOBHEOBE TS L L EFET L, BECRT BEHEMEDO rejoining 1 U
DS ©% b B RTINS TR L IR ORBIAICE > T»h b SRETHIE, R0
TRWHAN ABEREREEDS b, BHERDY ORFEEEL LN ATRBRE O
LOLBERMPIRE TR TE 22FE0EL bh b, BE THRIHOIOWEEE
B THII T 1 8%, MBRF Tl 1% L& < 2aEAHBA LN, XGBEDOE
WICEUDS $ B5 LT 5% pomye S fie,

(2 EEEERoRE

XML Y ELCADN AGE L RERREFROMEL DOV THE, in vitro £
F T cytosine arabinoside (Ara C) % aphidicolin (Ap) % FOBEEHEZER %
RSB EICE D, TOERBHEOME 2 EhTns DY & o cAmiRT
T TR & BB FOREHOETBEOTED bH LA ORDERTTT -
oo BEBEOMELRT EEL DN TWDHAraCl, DNABENAE L BT
DIEE DT TN 5 poly (ADP—Rib) polmerase OEEH ¥ <2 2 benz—
amide (BA) % X#REHET&BIBIHARICAHE 45 & TEHEIEROLE LT &
7o

BDF ;- f<=vx (94 )IK500rad (93.6r/min) OXHEEWH L%,

— 227 —



AraC ( 15mg/kgx 2 WIMREERERI, B A (50mg/kgx 1 )X BAE AT ITEIEPY
BEL, BEE6—9HE (BIIKFMHRE) &£ 15—18 HE (s ) K
WER M~ v % & TN ENAEL L e, AR Ui~ v 2 SR A & 72 HPEIRHE
ERFHIO 6 BEEE L b 2 Bifd & IC AraCHLERBECIE 1 Omg/kg#% 2 [B], B A MLEREE
Tl 5 0mg/ kg% 2 BN E L £, ChbO= v RO 12—1 30 B IKBE
LB IR T~ TORREERN & 2GR L, XERHE L <07 /E
B L OB TR T RO X 5 — ST b AraC LR S AN BA MU &
DEMBIE OBEHINRL D DN s o Foo THULIBES & RIERFRICMIE L 35H C
b, BICHBIE B CGEIIE LT b % OBBIH bRk b o ko XBUCH LEE
HORZ Bl 2T~ v TETh TRz 588 TREEREIBHEI LT L
D 5B, &< ICUDSOH L a7 #Hil I BEEERORRIC L b e
R DI U BT 038 % B & EMEE I NN, T OR)RIEAARERSEY
TFTCHRO LN 2 o 7o EFRRAECEREEOMED & b HE L 2 HERORE
ENBHEICHE ® RIET TSI TChh -k EdEL ONE, L LBHEEMND
EH, 3 2b bHEAERIC L 2HHFEERAEBE T 3 v ¥ —IC L AEEWEZICL,
Bl O R BER 2D - ZMENBEENKERT , 74— Lo Tnb T Enb,
XH#IC X % single—,double—strand breaks ¥ X {f base damge 7% &DEBEDER
PHFEFNERBL T GBEOE AT — 2 THIY, EIICEE > Th EEEER S
%o

3) BEMRICONT

Ono & Okada (1976,1977) O7 BEMETE ABERETO in situ R
% P\~ 72 525 TAETERARIC EiiE (1 0krad—60krad ) © 7 8% BH L, TR
BREOSMPENTO single strand breaks (ssb) O LD rejoining %7l
Nt FORER ssb CBIF 5K IO B R O EEERICE~NFEK
<, B Uk ssb @ rejoining B F ClREFHBOFhICH ~NH L
DK BEEBENRENWT EFHRELTWE, ch b &lb, HBAKTF &
BTSHIi C O BRE O T BEREOFEIC £, TR EEE O
BOBWC L AMEFMFCKEEBRLTWAZ ENEL NS, o T, BBRE
EHICH B L Bbh AHERET L b a7 T RBEK X AE4%ERSE (OH,
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F1. XH & AraCHAAIEI L 5 EHES KB OBR

* %
Group Stages No. of No. of No. of MNo. of DL (%)

of females IMP living dead
irra, with IMP embryos embryos
X-ray Lspt 20 7.75 5.85 1.9 37.4
& spm
X-ray “
+ AraC 20 9.1 7.15 1.95 23.5
X-ray " 20 8.9 6.6 2.3 29.4
+ AraC
+ AraC**
+ AraC 20 9.7 9.5 0.2 1.6
+ AraC**
X-ray  Espt 18 7.16 3.5 3.6 62.5
X-ray " 14 6.85 2.57 4.28 72.5
+ AraC
X-ray " 17 7.17 2.94 4.23 68.55
+ AraC
+ AraC**
+ AraC " 16 9.68 9.43 0.25 0.85
+ AraC**

* Per female with IMP  ** AraC was injected in pronuclear stage again.

H, 0,, 0,,) ©EEHMEL, FHIC L5 Th LS base damage ( HHE OB, BRI,
sm R vy ) R Y B OBEIC L B strand breaks H3Ze R B P EME
BOBE RO THHERTH LR D 5, T T TR T/l & Ras-T
OEFHAIC 7 Rz RS L, B ICRSHBERAS L BB Es sl 5 c &
TR 7 — & OFEEIERICEN LA LN DD TR~
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}2. X#& B AL L 2EEBIERBROEE
* * *
Group  Stages No. of No. of  No. of No. of DL
of females  IMP Tiving dead (%)
irra. with IMP embryos  embryos
X-ray Lspt 20 7.75 5.85 1.9 37.4
& spm
X-ray u 21 8.19 6.14 2.04 34.3
+ BA
X-ray " 18 8.11 6.61 1.5 29.3
+ BA
+ BA »*
+BA+BAX* 21 9.61 9.28 0.33 - 0.74
X-ray Espt 18 7.16 3.5 3.6 62.5
X-ray " 15 6.46 2.53 3.93 72.9
+ BA
X-ray " 21 7.23 3.14 4.09 66.4
+ BA
+ BA®x
+BA+BA* 21 10.19 9.61 0.57 2.78

* Per female with IMP ** BA was injected in pronuclear stage again.

Bt *°C, KX A7 #400rad(1734r/min) % 9HSDOBDF, <=
s L ree MR & U CREEREMIE TOM NGB EICHW SRR 2 KR
TIOWCEFEMEYE TH S 2 ~nitroimidazole misonidazol (MIS) % B &
9 0 ARIIC 700mg/kg i.p. 1 L e, MISHERMELRHT T, OFD=tna

ORI SN CERER AN, Ch ORI T § o~ ORRIkS
ALDBDNACEEE L2 5o @ BABHEOBEEEET L 2 EOERANELD
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Radiosensitizer ( HUHRIERE] )
2—nitroimidazole misonidazol (Ro—07-0582,MIS) ; 700mg/kg, i.p.

e
R—N&Eﬁ»“R—N@-]-—»R—N=0<—+[R—&-OH]->R~NH—0H~»R—N@

A

Target R-SH —> Reduced

toxicity

Aerobic
toxicity

Hypoxic cell toxicity
(by Taylor et al., Br.J.Cancer,41:892-900,1980)

Radioprotector ( BB #AE] )
2—aminoetylisothiouronium bromide hydrobromide (AET ) ;300mg/kg, i. p.
Radical scavenger: XSH+OH — XS+ + H,0

2. 7 ROEMBIEHBRICO A L AR IERGE & o
B BRI O1F

RTWBY, —F BB L L CIF » — Ak T & scavenger & L
THI b5 Twhb 2 —aminoethylisothiouronium bromide hydrobromide ( AET )
3 0B1IC300mg/kgi.p. 1EMRE L2, 7 ¥ &FRAFLE L /o~ v = XK
BRST- R & RIRE T AR = v X LATEL LRk & RIARIC B ESERBR 1T % o
Feo TOREREERI L 4R LAs 17 HBHOBEICE W T BB+ il
WEFE TR OM 2 EOEHBIEFIRE LR Lk, £ VEBRERGFTICS S L EbI
BERBIHTIITIE, MIS, AET WFh OB+~ T b EF 2 EUEFEOZE(E
roN A Do Ko RIS FHIIEH Tik AET MR CEMETOERER 218 bk
B, HECEEZLD Tl A b o ke Vo IB), MR TLHESFHING AE
T EMI SMEEITHEHEL2ZEEELRONLSOOM I SIK L BIEBEIR
FEE TR % D o 7o

TOLO5KMIS, AET &b KEOEREAERSEET THE Thoo 7,
BIHIRS T M TR F O T NICH NN G E SR L T b T LM I hic,
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®3. rWEMISRIEAETOHAMIIC L 5 EHEBIERXBR OSSR

* *
Group Stages No. of No. 0? No. of No. of Dominant

of females  IMP 1iving dead lethals
irra. with IMP embryos embryos (%)
¥-ray Lspt & 29 9.0 6.3 2.6 37.2
sperm
y-ray " 25 9.1 6.2 2.9 39.0
+ MIS
¥-ray ! 25 8.5 6.3 2.2 37.8
+ AET
MIS " 25 9.0 8.8 0.2 13.1
AET " 28 9.8 9.5 0.3 6.2
Control 23 10.5 10.1 0.3

* Per fertile female with IMP

T4, r#EMI SXITAE TOHHLIEIC X - EHBIEREORKR

Group Stages No. of No. of No. oF No. o? Dominant

of females  IMP Tiving dead lethals

irra. with IMP embryos embryos (%)
§-ray Espt 27 8.1 3.2 4.8 68.1
¥-ray " 17 8.1 2.7 5.4 73.5
+ MIS
y-ray " 25 8.4 4.2 4.2 58.8
+ AET
MIS " 27 10.5 10.3 0.2 -1.5
AET " 21 10.4 10.0 0.4 2.0
Control 24 10.6 10.2 0.4

* Per fertile female with IMP
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T W AERNL in vitro OEBR T OIERABE L2 HE T 5 hHE4E
ATEITW 7% % OIESBE HEEIC XL VR ZIENRL LN Z D ADO0d Lk
Vo M I Sidascorbic acid % EDBTLA % AT 5 L oRRrRT 2 ¢ b
®, AETTRIVERECDNABEXRE T HT LD in vivo O~ v =%
W ERBRTHE D SN TR D, AR T S EREAIC L o T, HI O IUE
CHERICL BIBEE = > b o — A2 0 EATETSS 9,

2. {LBEHBRICHT IR T —IBASH

ez, EMS' = TEM" % 07 1 % A (bH 5 B FHBUBRIC LT 2 &
F, CEEBD BB AR AN 5 2 L ABMEIATNDE (EE ) Lovl,
N1 TE A RahBAEICERL A 0 THE ENH T ENBELHKI
n7e Y puBETH b, BEGMI TR, EHLIE ORI HEEIRICE L
THEERBORFENELDZ EERNEINTE 2D, EELIEMMS 2~ v =
DIIETAI AT OEFINC IR + 5 & B IC Yo fh BB 3 U B & & % B
Lo T OBHCH U defa thB% ORI U MBE CBBMIICAE U 7 BB I~
THIMHENICE, CHERT TEEEL I D 0 TRIREAEDRRLTLED
TDOTHH9, LU ARBIC dicentrice, tricentries % &1 @AM OB EAY
b D polycentrics ME Hh b, HEREIFHRICAEL, ThBF, O KE

Mk s L CESERINLDLEESL bR D D

3

(1) REGREBLROEE

G AR RENED L 5 2 HF TEEECERI ML LDNTRED ETAHH
b Ch\n BE, Sega & Owen(1978,1983) PV EMS oMM S 267
HRGBRICEE LEISA X VEIR L 7% sperm FOEE ED N AD 7 % afbk HlE
L, XS, DNADT &+ M LB HNEETHEC 2 50, BR
(Fm 23> ) OT %A LENERS8—11 RENY — 27 TEERFEOE — 2 &%
FE—BFTHTEERAHEL, ROLIZBLHE Lk, BEORFCHETn 23
PERINDE VT A >HFOSHENENWLC —s—s—FEELET/r<F> &L
TEHET 5, LorL, MMS®EMSAUE Cld —s—s— &3 550 — SH #A
TrxrflEe O 2 v < F Y BEPREENT H0ICNLDNACEESE Y ~
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£5 M i~y ARETFHBRICMMS % 2dMC % LR

L T b iz B OF 58
fleeak o) ;o S Y EEYRETAF, 77 A0
“;‘g/) HFORBE T SREEDERAR | WIUEAE
Spermato- Early Lat Spt & | Sperm in ampulla | Mature oocytes
gonia Spt sperm ; & MI-MI1 oocytcs! ( 6h , 24h
MMS 20, 0 - - 190 i - i -
50. 0 - - 1152 ! - A -
100. 0 - - - : 16118 0174 0/226
6.25 X 14— —==-- 4/96° - mmmnm — - - -
125 x 14 0/169°+-9,/73% cmccns — ! - - -
250 x 14 0,134° - - i - - -
MC 30 - - | 1./100 T - -
4.0 - - - { 17143 | 2,178 0,206
50 - 0,176 - | - Lo -
7.0 - 2,175 - i - P -
Control 17832

L BRUzPEOE6- TERRMM O R LIRS L 2 RO 5o LBMUPRICH & TR L
3 BREBEORS,LEEEHL THLTR L (EBLREDEF( 7 BEHEEETL )

BEBSIOBEIC LY 270 <= F BT 0 UBRMICdsh 2L B EHEL
Feo HEALFMITRILCHS C C O L EHIEA CRABNZEH TH b, BHHEAMM
SHIRIC & Ay AR E L EEEIEOEE IC, ML 2T TOBMrELL % 5
CLictio THBRDTE (K6 ), I LICHTFEBHICEDEIE b EHKE
FICHE LT B0 & hie, OHEWRE, ¥ o v o<z 242 kz
o7 Y 2 E TR LI BEEAE (storage effect) &FBOHZ< v 2 O
FICENT HEL T BAHER A B 5, & OB CORBIAMTICD N A OFIH
BEDNE L OBHE T 9T dshb N ERBL TNHWAZ EBELLNL, TOLE
Sega s ORLAL ST A xafbEhicr | 23 v BEBEAHEL L T bER
b By

EOB R4S T DIEWEICH THD 5N 5 T ( MMS ®EMS % E%
HEAIREF- MU D> SR IC 1 TR L 7285 IC OSBRI W B, Lcdt o TR T
MRICORERT B Lo e d b <4 v COBE % EfE 4« OESIO DNA 1€
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®6. MMSHLES LT CORBMELEEREEFHOBMR

Time Sites Eggs Total Aberrations per egg

of of karyotyped aberrations

treatment sperm 0 5 10

i 1

(h)*

7 101 10 0.10 &

} Ampulla

0 89 30 0.38 =

(days)**

0- 2 l Epididymis 42 131 3.1

3- 6 { and 96 835 8.70

7-10 testis 4 1005 8.24
11-14 57 159 2.79 jr——
15-18 99 77 0.78 |-

* Time after ovulation ** Matings postinjection

THEBIC L Y BIOEREEF €5 2 2 Thid 7% 57\,

3. SRITOBHE

(1) ZEEBRELY

BB 1C A U 72 D N A G5B AU IR O RTREIBICH A € S B I N D & & 23R 3
AT\ B, Generoso (1979) %) (HHICZRE 2L, 8 LA MO FHE B
D 7 BRSO B HIEE S Y AR ICEN DB L LY, TORRE BRIEDE
CEARDTHLE Lo T OB, AR THEEICEAD LRADE iPMSO
H2TEMS, TEM, Benzpyren, X#ETE T hENI LN R D - ko TORE,
EMS T3 F, EEEOARICED B O aB 2 8E LTnan, +)ib (19
82)PDKYF /2 EBDF,~ v %% M\ 72588 TId EM S U i BEE thOA
CEEI BN APy TOLOCERICILIDNABED S 1 7 PHIEDESL
<y ROFRIC L VIINBENBE L EWEELHHEEL DR b,
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(2) UDS®RH

Brandriff & Pedersen (1981) * @ F1C U VIS +5 & 2R O HIKIC+
WTUDSHELAH T & a7k, HEEMMS % HE ORI & SRE
OMf= v IR L, BIEHIKUD SN 50T~/ (FT7 ), LoL %A
5, UDSOHELFRT *H-F3I v OL VAR BERHTE 2d 5 %k,

®7. MMS %t F M0 & SO ERT O MBI L 745 80

o UDS
*
No. of  Sex of No. of Stages Stages  UDS
mice MMS-treated  eggs of of capability
treated mice cultured treatment culture
(50 mg/kg)
6 male 48 Late Spt. Pronuclear -
(7-10 days formation
before
mating)
6 female 45 Fertilized Pronuclear -
egg( 1 h formation
after ovu-
lation)

* £ggs were collected from ampulla at 3 h after gvu]ation and
cultured in MEM medium containing 10 uCi/ml of [°H]dT for 90 min
at 37°C.

(3) BIEDNASHREDOEER

—FHEENTODNABEOBEBEEUD ST HEL T BEBEOS 2 LT W
OIhOBEEOHAENEL bh b, T T, Caffein ZpikD N A SHUHICHIE
L TEHBOE R« T RS ERE 0L L e & 70

MMS (50mg/kg) IR ARSF- Mg BC, MC ( 5mg/kg) LRI FHRBRHAIC,
iPMS (20 Omg/kg) MR THMIC T hEhi s L, ME& B L 7 Caffein
(100mg/kgx 2 ) ARTEED N A& OB ( PEIRHEE 6 REEE & 9 BpfEIEE ) I
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#8. Caffein ORIZHIMIERIC L 5 EHEIER OHBHE

Chemical’t No. of No. of No. of No. of No. of  Dominant
mated females implants living dead Tethal
females with embryos  embryos frequencies
implanted (per %
embryos female)
Control 39 37 332 322(8.7) 10
Caffeine 44 39 355 327(7.4) 28 14.9
MMS 46 29 207 91(1.9) 116 78.1
MMS +
caffeine 47 31 17 79(1.6) 92 81.6
MC 43 39 343 296(6.8) 47 21.8
MC +
caffeine 50 42 314 254(5.0) 60 42.5
iPMS a4 42 324 165(3.7) 159 57.4
iPMS +
caffeine 48 33 159 45(0.9) 114 89.6

*

MMS: methyl methanesulfonate (50 mg/kg,Lspt), MC: mitomycin C
(5 mg/kg, Espt), iPMS: iso-propyl methanesulfonate (200 mg/kg,
Lspt), Caffeine was treated at the begining of pronuclear DNA
synthesis (100 mg/kg X 2)

2EHRE L, TOMRMC & iPMS AL ORECIHAE 2 B BFEOBIns: bh
MMS THZEZ> N Zh % (KR8 ), TOMRIL, MC® iPMS T4 Uir
EBOBE COBEEZRIMOD NASGEICEEI N T 2EERTIOTH), —
75, MMS T LBHER ZRHATOBEN TEE I N WEENELHE L Tnh 5T
BEEZEZRL T b, M EOKE L VETFICERICE L 2BERE OBERICESE L
THELThSO0RBETHLH, LEEMODNA rejoining [XZHFH ORBIEK

BGE - T LRbh B,
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& H Y (T

HEFEMIR OB B L b 2RI THER I h e etk BRE 2, IBAEMZRETER, @k
NEEEIN DT TOBRBICONTIHEFNC 0% D) OFH W LICINTE 7,
LA ohbbTEOMFELE%SDNAOUEBENRBEF AR TEDL K
B EET O T ReERE L L THEESN T L0 TEERAHDRE N, Thic
&, 4 U BB 682 BENEREO = 5 — v A\ 5 B TE - SR8 I
LYVERTHDC &y T RERFFOICY in vitro ORICHFHLAB IS NWE &%
E OLTEMISYE OMBERD b, SHOMBENE eh b,
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VI SERY R 7FHEi0 iz D ERYEER, BEWNT 7 e —F

VI-3
AR D IR IRGFIC & 5
I Yt R R L AR F DETE

=4 M FOBRE Ak BB
wE AR N BAL v B

I L » 1

RGN F O R EE UM L, BENRaEREEFHET 5, XL,
IFREEOKFERZHEARRAS AR THEL(ENT 50T, COXBEERD
OR-F O IR R AL BRI ICHAF L TRIRICE LT 5 ( Mikamo et al. 1981 :
Mikamo 1982 ),

BB T A, LOETOHEIFRTELNIEL NS SH, LrL, TORICH
LT, Bo 2 b LAERPBOLNTWAW, & MEMOESEMHE TS, Bt
FNZEBRHPIR TY, BRECTOEREE LI LT, BEMNER LEENER N
AREEL TV 200BRTH B, CORBIITTIRAL L, ERPFIEICENTI
2R A BTG b & OFEZFEREHEO HERIAMICS S ( Mikamo &
Kamiguchi 1983 ), ZO&ICEL TE, 3 CKE9IEKENY »+ v s THE
LBy THHH (FH, 1977), BUHETIHESL IRMRIRED B R
TN T BRDEN, BT, Tease (1982 )4~y 2% A T LEKE
AHTL, HEEONTREETIEFRETTHL L LREL Tnb 2, Qi
FECHRABR DD - €, TOFREEDLICEDOH LA TE RN, TORME
X, Tease Ziband EHANWTIKANEITo AT ETHE, =7 ROLREKITN
T acrocentric ¥ 4ld telocentric THAAW, @AELEOIFTHLRERXRDFE
A%, BEEOMBOMRI AWMA C & 21E 0, BEFRINERHAZOZTRIIO
MM TR B8R T 50T, Thb LEORFREMA L OX % HFEIC T
bW, 2% ESC—band Ex AV THEGOBEEEE,L D TH(NE
THho7ihb9, Hac OFREHICE ( Mikamo & Kamiguchi 1983), B4R
* JBJNERKE EWEHE
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HEZRE L=y XIOMEENTE T, BE OF » vk TSR ad - fEsh
7z OA3, C—band Fe@lC L 5 EHE ORE, ERBEELHx~OHE T
Sl I EFERELTH A, Reichert i, X VEE (1984 ), <= v 2 Thsd
BORIMFFHE LT ET L T b,

Frld ThE TOHERBORMEEET 5 BT, EREY & o AREEOYR
BhRFEkELAF v 12— 22 2= A0 28 L WERFL ML 4 (Mika-
mo & Kamiguchi 1983), ZZTCHCOFRRPNTH- ZBFHEOINFY:m
R EFECRITTHBOMEBRTMET 5, EANED, ORGaEEGEREEHE
BICH % FaIE & L THET L 7 I0-F Qe IR IO SR 1 ORUBABKBE (R, Q)E R
B (early diakinesis) (i) 28ENE, GINIHIC L 64 WEBRaEEE O
TR, OWBREGENOREFE EREREOFR, O4ETH 5,

1. F by

) RreY

EEREME LTF v A =— X 22 2—%RAK, BREE—KC, OBy »
HEPRALOREHEH ( n=11) %3 b, FTRThOYE KON A5 CHF|
LEWT EThb, B, TOWBMMNETE CUIMFEEOETEERMTL <H
FL TN BT ETH L, I, WIINEKEWFHEO /70— V7= RELCH
DBRFAGENC L b, MRS THEE 4 RMEE D, BEE, EFHEL£C,
RERFOEEOBRARERZ I ==L LT +HAKHERIN TS ( Mikamo &
Kamiguchi 1983 ), o T, BEHIN, BESHEORATET LI ENTE,
T LWICHFRE, IIREOBE * FHRICRE TE 2, COERTH, £#1 20
~150 BOFEEOHIMEELEH150~20 0BQIEEHEL AV, F 2BMIC
o T, HERESERROREE ZRBICHN 2,

2 X#puwEs

OB A S THEERICT 0 ~4 00 rad T BAYCE U TS Lads, EBROKERS
X200 rad ZERKE L TT- 2, WMEHROWEERRTX10,25,50,100,
150,200,400rad M\, BEEHIIRELMS 2 0 B OHIRERT 2.5
BiE TOMO1 7B TT- ko ThXThOBHEBEMEIRIWCRTEBY THY,
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R1 XGEREFONTORBEE L BEER U R EEIIEEL

Stage of Time Phase of Dose(rad) Stage of chromosome
irrad. before oogenesis analysis
ovulation
A 20 days dictyotene 50,100,200 M I
B 12 dictyotene 50,100,200 M I
C I 4 dictyotene 50,100,200 M I
I 70.5hrs dietyotene 200 M I
m 58.5 dictyotene 200 M I
v 46.5 dictyotene 200 M I
v 34.5 dietyotene 200 M I
M 225 dictyotene 200 M I
Uik 18.5 dictyotene 200 M I
il 16.5 dictyotene 200 M I
X 14.5 dictyotene 200 M I
X 125 OBGV* 200 M I
X 105 early diakinesis 10,25,50 M I
100 M I, 1l-cell,8-cell
150 M I,
200 M I l-cell
400 M I
X 85 late diakinesis 200 M I
Xu 6.5 MI 100 M I, 1-cell,8-cell
200 M I, l-cell
XV 4.5 late M I-anaphase I 100 M I, 1l-cell,8-cell
200 M I, l-cell
XV 2.5 telophase-polar 200 M I, l-cell

body I emission

* OBGV = onset of breakdown of germinal vesicle

BICHEBPEICET 590F % L R OFEZE IR 1 IR L,

— 245 —



A B C-1 I, wv,v VI, VII, VI, IX X
estrum diestrum I diestrum II proestrum onset of B.G.V.
20d.«>12d, == 4 d, 3d. 2d. 1 d,  ———— 12

oS,

1 dictyotene J

2.5h 4,5 h 6.5 h e 8 h e [ h
XV X1V XII X1 XI
telophase | late MI-anaphase | MI late diakinesis early diakinesis

B 1. BRREEME ICH T 2 MRS K O SR AHIAE O 5584,
HH BRSO & T B BE & B
FEbLTWh,

B) FEETE L URERE

FRESTE O YLt hAMT % 17 o Fe A B & 2R OREBBEER 1 ICRTHE O T
b, T, ThThOBERTINOMME, FAEREIHEI AN, 2 OIKETR
1 8.5 ACHEFF « PREROFEIRIE IS T N, FIF RO ED IR0 SUIE © Yot (R A
i, s PHRECBAFEL /2 HERIC X o TR E N #% (Kamiguchi et al.1976 .
Mikamo & Kamiguchi 1983 ), FO#EHE, EAOANEIEKROWE L VIEK
CE, BRIhAD 9 5 %CEL o 37, B—IEIIOHEMRTROHT T
et RISk & ORI FHEICT Ao, MERERERRZ (CHATS )b
TR % RA ( Tateno & Mikamo 1982 ),

FEBRIC A9 5,3 0 0 HO L BMES FER S, TD0 5 H,3,9008H #FnT
#3 1,0 00 RO YEASNAThN, 1,4 0 0FEORER T AW TIAT R OB
fTbh i,
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2. BIERAEPH (MI) REFCETI2EETRK

B2iR3@Ey, BORT2 0 B2 5 2 2.5 85/ ¢ TOHIM (Stage A, B,CI ~
V) KT B4 (200 rad) BEHPEE LBENRE LI 2 BMIE TRV L
L, BEORat1 8.5 85 (Stage CVI) ORBHE CEESEHNEE OBMER A Hh
% (0.05<<P<<0.1, X?: Yates correction), bI# Stage C X % TOREE T
REFRENZLAL, BELEHT IOINL43.6% OREMEICEL &,

Z
80
- ©—@ MII chromosome aberration
@-~-—--® dominant lethal
604 O——O female pronuclear chromosome aberration
50
40
30 4
20
10 4
s e ————-
stage A B Cc-1 I il v v VIV VID X X XTI XI X XIV X
gir‘!}e 20 days 12d. 4d, 70h 58h 46h 3uh 22 18 16 14 12 10 8 6.5 45 2.5
efore.
ovulation = dickiresis 7~
meiotic L dictyotene I ¢ » o 8 8 8
stage @ 5 5 2 £ £
2888
g 5 B8

2. 200rad X#EHEOHE 2 IRHHIAEE, 1 A0ARET ( MEE
BIRZ ) WO A YR RE MR, L FEHEER
(1F4R 185 B ) OUBHINHERS © b, demikiby HEisR
(@)% L UMEMEIERD)AR OX % AN ETE Ik,

oo {1 JEREIE O OB/ DMK A ) |
TEBEE S DR AR ()

L EHRER /R kB (EHE)

v={l - rrmre T E & uEE) | <100
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Thll#h ( Stage C XI~XV) OFRFE CHAEFRELOETHER 2 WC/RTHED A
WEbDOTHo oy TOMIDORBEBEOKERLT L LHMTT5H &, WL EH
LI O 014 e R BRI I - CHUEME Rt 2 3 LIk B, LosL 2 i,
BT 5 L O WHEHETE RN,

FEEHIC X o T8 L 7 ML G @ AR D BB TN TR EEUIIC & - T4 Ur g
RRFE LT T, YaEFROHIC I 2HHRE O 2 B0 bz d - 7o, BE
TN G RE IR OMETI OUM, ¥+ » 7, K&, BETH -

3. WEMFIREGKCRT DREFTRE

BEOIRT 1 0.5 Bl & 2.5 Wi & COHM TO MDD Stage ( C X, X, XV, XV)
THH LaBEE CHATS O R3¢, 1 MBEPOMEMBLeks s
W lreo OGRARBORERD, MIPORERHREE (ALY, BRF¥ 0O
Mt LAHM TSRS Th- 7 (B2 ) o FRINAREIEITHE
WEHRE T, FOBEC & DB OB %D - 7o AT SEaRO MIT e o (R 150
OFEREMLTH - o

MEMERTRZ & M T & D D8R % 5 RRERS Tl L AR OMICE L ek & 2 FE
XEEE D DHE TH 50, RbOBEIUEROMEHE (H2 ) LxaeEL
BH&, MHRIE THAELZEROFTNERERT O THLZ NP LA TD b,
%7, HIRO 8 MR ICE T 2 BREREL COBXELRT 530 TH - o W
- T, MICHT BB S5 OB ChREEBEFFEE LB NTML I LT
%he Lpd, O NHAR 2 THh B D, late diakinesis BIERICHEST SN
KEETCOBREL DD TH b, B PNEHENAE L BERO—DIC I, MBS NG E
hp Z O E OEIC RN TR Z#BEPHE - Tnh T, RBRIKEaE (DN
AVCELABBEHETHZE A LIKEmask L ThnAZDEMRT L ENRT
&L, TOFHC, —EODN ARG HEE L7k & (MR RIE ) TG
BN, BERVELCIMTELAOTD S, L, TOHRBER~ WD
THEHRLASOT (Mikamo,1982 ), #HEM mask N5 EMRBFEER
BITH 5,
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4, BHEIEFRE

FIR1 8.5 BICE W THGEH L ERBFHEeRBEL CESBIERSTMIN 7,
RERARK22ICORTED T, BIRIZ 082251 8.5 TOHM TIE, 200 rad
DX MEBE DIV OFAEREIC B8 % RIT T TTREM IR TE D 5 %o B 2 D Stage C
1,0, TEMBIEELPRE ko Thh A, ThER#EIT EOL O TEMESRIED
BN & T L o oo BEEE, HAMPOTE CORBICET 5EREO X
BEFBREPNETFET HER, BEREECTERNOROBFHIC L 5HEE 24
FTHROTH L, ERHOREORRBICHT HEREOINERF BB INZT £
LOBBERES » F TIELNTW B, TOMFEIEOLE CABBEINTHE
\» { Hahn & Ward 1967 ), L EOEmD GEMEIEE LCROIES C & dZY
T % o

EWHEIERE, Stage CXRBEET €, MILGKKCEFTA2EEFREL FHFEO
KTHIMT 5o ETONLBOFETIHEMUAET T, MILGELTERE LS
ERHLSFET B0 L LETRDOBE Y, MR TORGRREFHEE L dEE
—HF b, TRHPREROGEHEGEOEET, MI TOWERERS S tage CXI
Mo TRED FOREROET 2RI HAEEOHETH Uk - T, HEH
DOFVBEBHIC L A EEEIEOME, &L (ReEEELZFERETLIIDOTH S
LIS REROER EFT AR L% 5 7,

5. BESHCETIABGEREOREDR

YIRBREEIRD ( early diakinesis, Stage C X ) WEBSHERIC X B 4@ EEER 1M
THCENTIELSFHMETE 2R TH Y, MIMTELINLIBETCHRESE
FRTTEL D, TORMTRA TREIRTH N/ R, R3IKRTBIT
BB, BEERE € b DMENRO HBREE L FREOEINCHE s TERNICHEmRL,
400rad BHEHBETIEI0 L EOIARE L - Tk (K3 A ), Tk, I
IR D OEREREEEOBMICH > TIREHICHEML, 200 rad B4
BETHIOMNG6 0% B2EMLEOBERE S > Thia (3B ), T HOBR
%, AUAEEHO~ v 2 ( NMR IR ) SIEHIRICXBES LB E OBES
R (Reichert et al.1975 ) LHET AL, F+4=2—RaX 2 —~JIOKEHR
BEER~ Y AOREROH 2001 TH 5T Lhibd b,
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oocytes with structural chromosome aberrations ( % )
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K3, WABBIIOX BIRHIC L 2 SR ek REFRO

HRERo

A, Pk RE % OO HIRE,
B. SUHRBEY b o Yr kR HIRE,

6. MERICHT D REHRE, FCFIRICLOLVBHNRBOFR
R2ICRT L oK, itk 3 BOFEMASR ¢ E A RICE T, sllpyze /
JI=Rr )Y —OEIMES DN R s ey o T, BEBOE—, FETRESS
ZRUIE T, e AR BEDTHER S TEEMEE %2y I H B~V & O IR
BFROTEEME T YR T HHRE b D 528, Fx OfEE D HIBTT 5 & BB AP
FOREBRICARSHEESE LD SWRMEEBA ERNWC LR B, =y XNk

£ A
-,

B OHE THEIARD Tease (1982 ) & Reichert et al. (1984 )

D

TR 2 MR T rEMmeEE Bl Th b, BFERERSFHTICEBEEOB Y

HREEE > (B T2 OLERS 5,

—F, AP TE, ROHEC L 52 FIOMFIC L 2BHEEOMNMERD bh
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#:2. B EERZH ( Stage CX~XV)IC100 rad X#
R %2 T A2 bFRAE L S MEIIR K 21T 5 4

&R MR EE
Control Irradiated 1% —test
No. of embryos 391 513
Hyperploidy (%) 3(08) 5(1.0)
Hypoploidy (%) 1(03) 6(12)
Mosaic (%) 5(13) 9(18)
Total (%) 9(23) 20(3.9) 0.1<<P<0.2
Hyperploidy -+ struc. anom. (%) 0 3(06)
Hypoploidy + struc. anom. (%) 0 2(04)
Mosaic + struc. anom. (%) 4(10) 11(21)
Total (%) 4(1.0) 16(31) P<C0.05
Grand total (%) 13(33) 36(7.0) P<0.02

o THRDOLEEERE T I OHMATORMAThT (&2 ), PEIOE, Hak
OREEHRFE LN E B o THORE RET LOAIDO T 5, HICEEMHEE T
€ 4 2 PPOBEME C OR % i3 AFEIO—DTH b

B, Reichert et al. (1984) id~v = 2 MERIIOHI CH LiR%HET»
%, Reichert L OB THFHAOMI, MM, 8 MMEARICEHIT 5 LE M
ORERTYH, MNd, BHEESLERECTRAMEFRT LTEERO RN LER LA,
BEREOMNIC L MR ELERE PHERE LIV 1 2 2EhET A
FTCHH0L, BEMRNRL Y Y EORE MBI RSO L) VI —EFHRT S
LdE L bhz\ng

7. BEHRORBOH, 2K RECRITHE

EAROMIHE, AR, 8 MRMUERIC BT A hBIZRIE, FIRSICHI OB B4R
RECEKZITHEBOREB*ERTHMETEL ko 27, 18.5 ACHITHEM
HIEOWIE S, I ShARSRMOFBERE R, BRE» OERPRREEK
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2 Se /0/> Sy
STAGE OF DEVELOPMENT %

4. Beop 4.5 #5180 ( Stage CXV, late MI-anaphase 1) IC
200 rab X % 21T 2 I OZREHRIC BT 5 FEER,
A IR B REE

BHABDOBERNRE LWL Lo B4, Stage CXV K5 5200 rad OF
HEHORENOE S T LR IDOTH A,
HEOREOHRGEELFo kIIFICEN Ty, B— ST, BREAS L %
MHIIN D LB e Ao, T, BRI, SH, MHEMNBN, e, 5
—OREIRFERATERL, T LI, B—IENCE DL $ TOTNTOBRBHIVRITD FREtHIC
Lo TEEIN TV HIHIE A A b h o ThbL, TXTOPENR L
RIEEIC 2 MIBIICE L /e, BEOEE2HbhAOE, cOoMBEOITH - £
COT LW, BMERPFEAT, IIMILE, FEER, TOMmEEALAOIERE
BICHEAZBEEREL THhED o 2 EERLTH S, BEBOIIT~OES

(e}
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3. 200rad X#R5 (Stage CX~XV) %=T 720
HHLFEELA L 8.5 BEIAFICA L 5 BEOHNE

HHEFENLOHIREE
control irradiated
(200 rad)

No. of fetuses 559 316
Exencephaly 1(02%)
Agnathia 1(03%)
Brachygnathia 1(02%)
Microphthalmia 1(02%) 1(03%)
Omphalocele 1(02%) 10(32%)
Edema 1(03%)
Hemoperitoneum 1(03%)
Underdeve lopment 2(04%) 6(1.9%)
Total 6(11%) 20(6.3%)
%% —test P<0.001

i, DNABERKHBRAELIELLL L OZERAZDIODOIOITHY, coztiddh
OEHBIEOHETHN 2B Y TH 5,

BEE R R IIOKEHIL 2 M OB O MICSE O L, BIESD B\
EPEIRE AR, BEBE2~3 B3 TR L, TORELHOIKRE, BFos6
RSN (B4 ), LrL, HEMIWERL 8.5 BlEnTd, 2 +REFE
BFsERE L TnT, ToL4GRHEFFICE T % HERSEE T BEE & N TEfs K
FTAHAEER(P<0001) #NTho A (K4, R3 ), BEINATFEFE
BiRdAE, R, KEE, BMEOKRREES T 2 (K3 ),

& b Y (Z

FaDF v 4 == 6x 2 —ORFFBREL, BLORT< Yy X THLNAKER
LREZBIOTH D, chidkl b~k oK, ERIOBVEOREIC L 556
EHECELD, BUERERTIOIHALIICHET 5, PIAE, REAUMF
RICETLEETH D, ThONEBHERO#EEPL, DNAOBEREOEEICERT
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LEIREME A5\, E ke, IITOMBEREIC L b afoRFHoEENTE, Y
EEO#EPLD N ABHEEOFHEENEE L% - Th b E3EHEIN 5,

HETE O B GT BY M ¢ BT B B ek o 5208 mask ing & 1 BB K AR I T
WHTH b ICEh, B THEC bR TW i, Hi SRS b 72 Bk
HLHBETH D, THAPFRIBRICHT BIFRNINGE TH 5 AHEMIRNT &,
F et QR E U TS BIR% B QMR 2 S 21, DN ABHEREOMRIC
PEOBHAENELELLNLOT, ABRICEORBEeRIET2HRTH 57,

T OFFETEFT L TIT b e IR R OFE ORI, WskEL bh Tk
Lo, T OLEEEEIC L 5 REEEEOERELZ Y L(RTIODLST
Bho e, EBICHL R AR 2 Bo MBI T AMEOHKHIC X
DIRTFHENERCERTA2E32 08B0, 24, TOHROIMBETYEERD
BT o OEIIRIC D bR BHER, Ik & L CORERIFRA B IN
ANWIEER ESFBC VEA T ENEEINA, o T, BEICE, BEHESTHED
WRE, B—-RASRYE O LCE LB EOTNTERM T 53O Tl x N,

DM THON LR EF L ) A 2 FHIICHH 3 5 I % HHE 2 85 & 4
BET D, Lol, HHEPER, HICLH ( EEERtvE ) OZMIICA 5D
LI CREMEAHA B 2L L, =V X THLEAMICTHIN TABH5 5,
P CLRBRARBENEL ON L, LHRMIC L > TE—RBAHUNRBREINSLC
LAMAECBOBEBRTH D, BB L 2RefREZOBHETCH 0k
OFEENZALPTEID N A BSREEOET A &2, v b LMbOHIAEY & O TIR
BRICHR T S LEE L LR N,

COBRREDO O b & ICIIBEIRT ( Stage X)) T, BTN E LR C LY
BAROHEHRE NI FRICHIEHTE 52 &, F AEHEEHERIKCENTL Thn
HRECH A L) 2 27 FHEEMEOBNEFR M AT L ETREICT L IO TH 5,
Foa OBRE~ X THEONAHREZLHELTHBE(KE ), ~v2OHH2
BORBIHHON L, ERAIZBHICTENE, COSKCHMLTE~ Y X%
fliv =7 alCfE 9 & EHRTH B,

e OFERD LT, BEBEVEBDEOPOERFHMEERERH T L E3EL
bhing, ERFEAN L THENEEsELELCLEMENEV, TOL 5K
LT LABMRE R, BESZIAREERAEIC L % Down fiE © & 5 2 MEIH %
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MY Y = EEREBETTE L, = v R TH, BHEEK I 27T LEERDIES
HEuxLTRTHHREN B0 HHRE LHEERYE L OXAE, ~v 2ol
OB D R BECRETH b, <~ v RLEEMAKTIE C— band = TEYEE & 7R
TEBH, EHERIRTH/HCHEH T OHETY A Bigs = ET 5,

T TICHEE LR, BT hkeWiEBs [EEeishgosy~ o8 h
[T 25EBMA ] (IS5 1 FE~5 7EE ) & I OGRS OFEME
(BBFN5 1, 5 24EE ), SBRO9EQ) (BEANS5 3, 5 44 ), AW ( BB
56 FZEOWBELZTIOTD b,

s E 3 B

1 Mikamo, K., Kamiguchi, Y., Funaki, K., Sugawara, S.
and Tateno, H. : Stage-dependent changes of chromosomal radiosen-
sitivity in primary oocytes of the Chinese hamster. Cytogenet.
Cell Genet. 30 : 174178 (1981)

2)  Mikamo, K. : Meiotic chromosomal radiosensitivity in primary oo-
cytes of the Chinese hamster. Cytogenet. Cell Genet. 33 : 88 — 94
(1982)

3)  Mikamo, K. and Kamiguchi, Y.: A new assessment system for ch-
romosomal mutagenicity using oocytes and early zygotes of the Chi-
nese hamster. In “Radiation-Induced Chromosome Damage in
Man”, pp. 411—432, Alan R. Liss, Inc., New York, 1983

4 EHF : BORROINE BN R EERDEAEFRT S0, 8 9 HIRED
vR DY LR T3 LB E RO Y 2 7 FHie & LT 219+
228 1977

5 Tease, C. : Similar doserelated chromosome non-disjunction in

young and old female mice after X-irradiation. Mutation Res. 95 :
287—296 (1982)
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Reichert, W., Buselmaier, W. and Vogel, F. : Elimination
of X-ray-induced chromosomal aberrations in the progeny of female
mice. Mutation Res. 139 : 87—94 (1984)

Kamiguchi, Y., Funaki, K. and Mikamo, K. : A new technique
for chromosome study of murine oocytes. Proc. Japan Acad. 52 :
316—319 (1976)

Tateno, H. and Mikamo, K. : Establishment of Chinese hamster
stocks homozygous for a reciprocal translocation originally induced
by testicular X-irradiation. Cytogenet. Cell Genet. 33 : 333 —
339 (1982)

Hahn, E. W. and Ward, W. F. : Increased litter size in the
rat X-irradiated during the estrous cycle before mating. Science
157 : 956 —957 (1967)

Reichert, W., Hansmann, [. and Ro&hrborn, G. : Chromosome

anomalies in mouse oocytes after irradiation. Humangenetik 28 : 25—
38 (1975)
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B3 O FUIEEAE IS RIE O R BIC S, WILIEAIIINE I RIS T H B O B %,
BUNBREGREL TEETC EDTHE %o 70 2ATHLEAL Y KL 2tk
NERERR NS CEIC L T, BBERBMIRE X OSBRI~ ORHHT L 0E
MEICH S 250 ERTREE R Y, 3 TIC~ & XEAVEIEINIC B DR BRI % 35
BEL T, —MEBROBSHRBRSEORSNERICOW THEOBNEBRFBER N
BORTH B, 40, Fr BENSHET A, ROERELHEE LT, R
F, BT 3 L ORI OB E B b A L e Do THE T 500,
FHk LTk, BC3F M~y 2ICPMSG #¥E4L, 4 8% he G #HEHL T
BHEIVIE L5 1 SRSRIBRICIIE L bl a8k, H5h L RFMEE~ v X OFf
B LR ES DEREL L, R RS S TR e T & R TR R
Feo BAEEBIOMBKET, WBIIT 5 X OB 5 BB OMI I X5t
FREL, BHH 15— 1 7TesMo 28 Ma v s PAOE L — MRS PEIO Y iR
@ L (1)

1. EREBCST 2—MIENKEORTE L REHRE

RUCRLAL O, 4 0 ROBENC Lo THE, IS L TR HEC
A BT O—HBRIIRIC X 7 — VETORBZBENRR b /e (43!
480% ), LI, MEFBEON, —HOBOLBEKOEMEIENLLI (£EO
12.8% ) BERHICEEI Nk, 3R 2IOURLA L 91T, BIBRHEE 15 b
EEEORBEAT TR LA, T4, THELT -1 98MOoT v £ VARICE
* ETRE HE SRR RS
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B, @A — e ic > bh 26 hRY  a) EH
b) Fe@ RO, o) REMEIHR, d) REKREH,
e) REMHAH, 1) T OBOGE KB OEIE

L TR EE A N ARERIEN T, 15— 1 7SRRI ~NAEICEN
Yot th B e m L, RERIE L Rk R ICHEE 2 AR b, ThbLORRE
G 5 21 B BRI & 15 & L T8 bR b X (—B L 7o
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#£1. 40R XHBREHN LARO—MEBHO =T — > OEITREE

interval of Number Number of eggs in Condensation
Stag; otf‘on colchicine of eggs  Pronuclei Prophase Metaphase delay of the
ITradiatlion 4 catment observed (%) %) %) other side

nucleus (%)

Control 15—17h 167 7(42) 6(36) 154(922) 0(00)
Sperm 15—=17h 198 6(3.0) 3(1.5) 187(944) 2(10)
Unfertilized 15—17h 204 0(49) 1(05) 189(926) 4(20)
Fertilized 15~17h 296 113(38.2) 3(10) 142(480) 38(128)
(pronuclear)

Control
Sperm

Unfertilized egg

Pronuclear stage
(15-17h)

Pronuclear stage
(17-19h)

0 01 02 03 04 05 06
Number of chromosome aberations per egg

B2, 40RXBEHT L BRICHEIN L LaEEYORE
DB
( VAERSESEOT A &3 FUEBEE R,

2. REUNREREHRE

RO FHROLEERED 24 7 LR BICKF LTI Oh A e ERE
OFEIRBRER LI, BFREROLEBEABLEB LA EVLEERAUORE T,
REGEHR ARIBHECH LN, THRAOKERFFICED > o COERR
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T DIBE S FRET D - 700 MEDRBRIL E 2R L, BRI B RS 71
H, #3 ~ 4 {5 OREHRT L,

R2. AR TWCHRES LB ICEIEE S h B Qe (R B H OR) &

No., of No.of metaphases No. of No. of chromosome aherrations No, of
Exposure chromosome Chromatid type Chromosome type polyspermic
(R) metaphases with chromosome g oyiony Gap and oy T verge G308 ment Exchange SRS
ohserved aberrations (%) (per egg) break “® € break b xchange 3n (%)
0 223 2{09) 2{0009) 2 0 0 [ 0 0 17(76)
50 225 10(4.4) 1110.049) 3 0 0 3 5 0 61(27)
100 230 21{9.1) 22(0.096) 3 o 4 2 16 1 7(30)
200 231 36(156) 38(0.165) 2 1 1 3 28 3 15(65)
300 261 70(268) 79(0303) 11 2 5 7 51 3 14{54)
400 247 95(385) 116{(0470) 10 5 3 8 81 9 41016)
268 31 8 9 181 1
Total 1417 234 (1000%)  (116%) (30%) (34%) (86%) (675%) (60%)
0.6-
Oocyle
Sperm
0.5

ERYE
D
(=1
2
r
$ 03l
£0
B
5
2 02
josd
z

0.1

9 50 100 200 300 460R

X-ray exposure

3. BB LU BN BRI
AiE R R LR
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XIBEORHZHIETE, ZHE, FTRAZ2BHICBHEE2TE2 9 LD TE AEHNZ
FEOFMAE, kO in vivo R CHREETH - A2 OEERWT 7' o — 5 % HEE
EFTBIDTH DB, L, KBREATHER % 95 % U LOSHTRBIRICSE Tk
RTEDRABERTINAE2 )T DD SROMROLR I EIHEIN L,

D

2)

3)

4)

s

z £ T B

Yamada, T., O. Yukawa, K. Asami and T. Nakazawa (1982)
Effect of chronic HTO A or °°Co 7 radiation on preimplanta-
tion mouse development in wvitro, Radiat. Res., 92, 359—369.
Yamada, T., O. Yukawa, Y. Matsuda and A. Ohkawa (1982)
Changes in radiosensitivity of the in vitro fertilized mouse ova du-
ring zygotic stage from fertilization to first cleavage, J. Radi-
at. Res., 23, 450—456.

Matsuda, Y., T. Yamada, I. Tobari and A. Ohkawa (1983)
Preliminary study on chromosomal aberrations in eggs of mice ferti-
lized in wvitro after X-irradiation, Mutation Res., 121, 125—
130.

Matsuda, Y., T. Yamada and [. Tobari (1985) Studies on chro-
mosome aberrations in the eggs of mice fertilized in vitro after
irradiation. I. Chromosome aberrations induced in sperm after X-

irradiation. Mutation Res. (in press).
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<7 ZAESRERDOGESR L Y A THEE
5 & K B

T L » [

BERRIC L b BREENFH IND &1L, KBES L abhTwas, Lo
L, LM TORGEFERERLZLE, TOBREE LA TR S, Lind, &
BHIRICOW TR~ OLEELE, Russell bIC LB~ ¥ X OREIEAEIC L 5
BB LD RV, Russell DF— 2— DWW, & bbb TRRDULEZE N, &
T, 4 FTFEEDTONAT LD %D o RSB L 2 LWERER — BEE,
RUBHMERER — ConT, EBRBERTHRE LV, LE-Th, % T %
CHEHT 5 L9 2BEORERREROKRHICTY, BTFO~v 22 BLELADOK
b, BEHHEAEL C, o LBETEZEELCOWTITION, £<{40%< %
HLOBRETHHT LEEFEICENTE Linking,

1. % %

HEX M I C R~ v RICXBBE*FTA—FEOMBL N T, ERE~v 2 LR
BEL F, TOBEMBIE, SHHEMCEEURICE VIBFEE DL, B~k
BIEN A FHIC O, BEbCREFERLIERL, £FTEZIOR, AR
L VECHREE TN, BE, REARFECO~TR, HAEHRS sy ATEHKL
T,

2. 1EHERE, IR OBRBEYR ‘

H~v OB (KEBEO1~7 887 ), BFHEHM(15~21H80),
BUREMEIA (64 ~80HA)IC, 36,216 ,K0°504 rad XEBHL A
* KIRRSFERAE SRR RE S
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ke T LR s A AR AR

036 216 504 036 216 504 036 216 504 036108216 360 S%;
4 X 5 5 (rad)
1. B (ZEO1-7881), MR (15—-21 837)
AN (64 ~80 HAY ), MU (BII1 ~ 7
Hat ) €, X#RE2RUDEIRE L0 F, TOEE
Stk ERIT AR (7 2 rad/min ), BHBIESEIFEE
(36 rad % 2 BFfEIfEIRE ) & R"3,

BEOF, TOBBRERCTH IR LA, FIOBED 0 4 EMICHELEL Tn
bo FERAETS, BHREHERE (36 rad, 2FHME ) T2 5, BBIETI,
BUKEFMBEACEE LB EE, ERNICF, TOBEFRERI LA L,504 rad
THA3 0% O&EMEHRL 720 MEMBICIBE LGES, BEGEET HNT5 &,
F, COEBREREIEML T 55, BEAEUBOBEOHETH D, ) 22 HEE
CEERHRDRL DD b, FERKLBE, MPNTH, BTMEPOBEEE
FRET & ED R o D, FEMECEF, KEAEICESERAEE T sl
BEOHIEZRL Twa (K1), M (PP 1 ~7 BHET) KERHL 2561
BEREOTEN TR INTnD, Bih, 108 rad  THIF, COMBRAERE,
FREIBEL KIEAR WD, 216,360,504 radd % LT A LFERDTE LR
5(E1), HRAMOBEIDENEIVETS Y, BEEOHELEERL TW b,
KhbEEoT, BENEEIERLTLTI THREN, o &ENIEHIE ( B:00 8
~2 8B ) KXHHBHT L E, LIEFOICENEETF, UBERFEST 5,
F, CO#FKICEL TR, R2ICRLAMS, BEOBARE, 3 n» % HE0E
WA/ ON T b5 oo BEARBEORKMRICHESH L 2HAE, 216rad T THEF,
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oLVL—-r————Ef,‘”l _____ glaey N, L

036 216 504 036 216 504 036108 216 360 504

HRATX #ift (rad)

B2, MFROFEFHN (B 1 -2 1 Hal) , REMR
$(64—8HA), RUBBIN (BIF1 ~7 Ha)
KX B RUSERE L AREOF, TOFMHE,
LEGHAERC, TRIEMAERCHE LRI 256
ERT, FRILBRES, SRR SEIRE,

TOHFBOEEL EHALTHwA, 504rad THELATEL TWa, BEME
ICBS LcBER, FICEEBCHIICLATHEREL Thkn, Ll 50
HRICHRE L BB, EhWaBREMRAI> N, Ld, SHOREHEER,
TEHRREICES, EECEY (H2 LB ), FRINATHOLZ D OBHEE
FERIZ DD TH Y, HBETHE TH BEE, REENEENCHENLZBEID
PECE TS (K2TFER ).

3.0m & Y

M EO#E% F1C~9 2 TOXEHRERER L KB L TR L, MEHES
FERERICE L <1k, kB4 —2 Y » FEVHEFOW. L. Russell {4+ &ic &
BRA R B A& V0 A OB L R OE, RUANDEOEE L

AT, F, C¥T 2BHRFREER L RALRL, BOTUTHW LT &35,
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£1. = vx CORNEHREALR LBBERERE o)

1 B %= #ox BT

B

5T LRSI . T
wOE M R —— ——f
IR T — ———
5 % % B

WET T - -
¥OE M + +

TR + +

xR PR R BB IR R AR
w (L, SHERFOSBE

X # (504rad)

§ —— %

I i
FilaE o hits, Wil 2 ol

g (4+) X (=) (=) X (—)

Fzgnﬁmm 12/64(18.8)<P <0.05>4/66(6.1)
- P <0.001 NS

RGO IBIES RS 26/543(4.7)
B3, XHckb, HEEARICHFRIh T, KR 2]
BEROME,
CORERE, T CES % 5% L a0 2 b, ZRERROIOTH LT LT
TR LT 5,
HAMRRL D X B & B2 OBE M E BIEIC T 5 7201C, B 3ICRL Lk TER
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1T o o 53, WM XEES 04 rad 2—ERF L, FH A =% LB L F,
BT Bo F, G, MMAEDS, BRICEEIRET S, F, 2BET LI,
EIERICAHR, A ZXERE LM > TF, 2> Tk <, F, 5%, TOHETHA
F,2BH L, EEZI O0EI 08Nk, F,2dEHLCH5L8 (F,) O»
T, WEB D - TWABEEF, CERCHEESSRAELTWER, 8B
(F,) DTN IDHEBT 3> ThwiaWEE R, F, OFBEOEE ME{, JER
HOBEEBEOENR N, AL, RIERIES ©FH5 3 5 Mg OB LIXEHEIK
BELTWAT EMbrb, Thidjiic, XBKELNAZZE TRV, {L¥EWE
THBHU v 224 NQO ( 4— nitroquinoline l-oxide) %M MRICI/EE I ¥4
BWETH, MLIOABRLEEZ, ALY VA RUANQO A RICIERE
F,%, FLlbF, #ElLecdcsd, F,CE B(F,)OnThoenfiiEgs +3 -
TWRBEDD, 20~25% OFE TEEMREELL, BIC, F, A XZEFOD A
2 ETRLE, %o b D, TOF,HEEED 5> ThABEODH 92 5% D
B CF, ICBEBIREL TV D, M EOHKREDLDL, 940 % ORBXR TEECH
BELTWB T Entbhsk (T2 ), BREEMEEOSGH, FIHNLZ N,
THI% L b~Nrd, bFd 1 FRTPMERICEERL Tk, BAREMEEOSS
i, TORGEEHH, TTEI> TWB30 ( FHERETFICEL S ) SHEflRy~r
DERLCLHBDTHS I,

£2. X#, vvir, 4ANQODHMBE~OMEMICL YT, I

BHR AN KB OME MO T Y,
B+ ME~o B
B(F,) OE
# O4ANQO wvuvay
+ ox - 15/76(197)" 7/28(250) 4/19(212)
- x — 4/69( 58) 5/103( 4.9) 9/113( 8.2)
«+  P<005
«x  P<001
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4. BEHRAZTROMH
PERIIIC & 5 R 2L BRAEE-> T EE LB L F- 2 TH S, T 9
HEICE WD 20, BT XRHFER EREE LETOBGRE BN THi, XA,
IS OMICF, KHTEP R hOEEE BRICHRET 5, HARICXHEERE L T
BPCo kBT ELL, £FFULENMET D - Thnbd, o T, BEEOHB b
by X TT, HMBOMEFENOKRE I EMARWIC, WEHEBEOMGTYE &
WhOVE 4TH 5,

X # (504rad)

( l

F b (+) (—)
FoolfggEs 1/12 8 /54

K4 WmEELXEZEOMEBE
FE BRI 504 rad * ABHL, F, T
DR & BB i L d O,

X#1 504 rad M HfIC—ERHE L, F, TOESLF, OUMBTOBEY L
b, —MEOFBICKL, BEL -2F, Th, BEY b AZNF, T, EE
FAERE A EDRD > o HMIETOREREEG, B HIE &M W AT 3k %
N2, RATIREDLDSZ LD %\, &9 VEEEREROERE % 2R O%E
bk, deafkv VOB TR 5L 9% KEZENTHAENL S Th b, FIC, T
DEELXFTHFTHL ORFBRIBONA, XBOHTERC v v 2 HHIICE
FIELEF, WEECHEARILCL SKFERINLD ThH b, LTHM, YL ay
THF, CEHESE ( KE 2P afBEI L5 ) PREDL, 2<{HFXEINL 2O T
Db, LOXFEV V2 OUMMBEEOES, MEFNHHELLD, - LFED
AN TH, v v £, Ames T2 %5 in vitro ORTI, FAXZICHIL %
LTYEREREFHTAENTER N, Lrl, vvErld, v 705 w3
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TR, BPNRERETDDL ) YVAYHREY 2 95 920+ 2ACRA R
&, AREZEL, Muller 51T, FUBIBBRRER BB L, vV R H =
ODBABEMEES T A E, TRICHEIL T, RREROHEE DS LRI 5, TOEK
HER, ECrHO3000RICHYT A, vV 2y kB HKE LABATIEL
HRTHL, M, VWV AXCLVFREINAERERD, HHUABRICLD, 2T
1202 b r Y CRFLAIDO TS L T EDBbhs i, I, BEFREARALERSL
ELTILOWALENERS, =V R TIFENLIENTEL LI WORD, AL
5 HTEFEO=v 2 BBETLHDOT, FHURETH L, —IL, ~ 7 AEMBZER
ERMIEE TH~NAOTE, BHREREMERLAD Lirl, vavvavoss
CXH, &, vv 2o 2EAILABIK, EEZREHFNAETHRELTALLE
TH, vv R HRBEAS S E 300 0RIIKRER UMHE (5% ) TER
ZERYFHRTHOTH L, vvird, XO3 0401 LIEEERZI%N
D, CmISIE, A, MBS FETHENTY, Ry~ ORELE
TEY, HHURBROBRICHbEDLELR LS, YU 2y OIELEORE A,
XPEE0. 15T T, EBHET TRL A TILRTH L, - T, XL
v v g s O~ ORENEROEL LA T, KIEBRIWES T2 < - 2
OEALE, KEARERBECLILSOTE L, MEFRRLER (S bAHA, NI
% deletion #EETAHIDOTHEN)KLIBIDES 5,

5. BAERETCHAICTLDD

L, BEERERNANTH L ETHE, IR > ZE(L T b5,
=V 2O TOMENFELEL T > ThadFTdh, &8, BELLTCES
BEThB, Ll, BTHTAHBE, 107 EBAMER D L0, $hndnl
~2EOEENTE LR THECHAEBEBEDR L, L i\, Lad, BER
404G LD%nN, BERL, <~V 2AnEr bl EATACENLES
T, BEERERELT TE, BAET, £ B 0BBRFLEMESD -
TS THAALT B EBDN D, COFBE RS ICHERILL TRLE, 3L, TO
EgHBELOhE, BEEREROBC > £~ v 2L, 5B, BRAWE, X,
Tue—g2—-LtEbLh THWAPELEREIENE, MAEEBLZLT KA 53T
bo HE, vvar%0.45mg/$ - BREFER2 IBBCETEHLTHSL, F
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CXBBFELGEE, F,CPH801 8EIEE -k~ 203bbbh 5 (&
3)o Lind, TOBENE, XBBHOXT, v &y Bl ko il
BO2LAEE R > Tinke BIh, YU 2 HAFRICE b, BHEA AL, BEO
“cluster " b o= v ABHB LAbIFTHH, X, HERHBLCY v 2y 28K
L7580, cluster OMBHBEAMRFEERL b 3B, Thld, ARl 2ind,
BARFAEMBE O 5 LEMEERALRICL LI OMEAD—HTHE Z & &I
LTna, BICHBEWZ &I, M4l 5 B BOBMEMRICX ey v s> 2 A
HTHF, CHEEEFHEINE N, EHIROE T L0 Selection B3ME\N72rz
DEBBRRERDN > Thh o bELbN D, COF, Ky vAYZEHL T
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1) Nomura, T. Changed urethan and radiation response of the mouse
germ cell to tumor induction. In : L. Severi (ed.), Tumors of
Early Life in Man and Animals. pp. 873 — 891. Perugia Uni-
v, Press, Perugia, 1978.

2) Nomura, T. Transmission of tumors and malformations to the next
generation of mice subsequent to urethan treatment. Cancer Res.,
35: 264266, 1975.

3) Nomura, T. Role of DNA damage and repair in carcinogenesis.
In : T. Sugimura, S. Kondo and H. Takebe (eds.), Environ-
mental mutagens and carcinogens. pp. 223—230. Liss, New York,
1982.

4) Nomura, T. Parental exposure to X rays and chemicals induces he-
ritable tumors and anomalies in mice. Nature (London), 296 : 575—
577, 1982.

5) Russell, W. L., Russell, L. B. and Kelly, E. M. Radiation
dose rate and mutation frequence. Science, 128 : 1546 — 1550, 1958.

6) Russell, W. L., Russell, L. B. and Kelly, E. M. Dependen-
ce of mutation rate on radiation intensity. Int. J.~ Rad. Biol.,
(Suppl.) : 311—322, 1960.
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Nomura, T. Potent mutagenicity of urethan (ethyl carbamate) gas
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Nomura, T. Comparative inhibiting effects of methylxanthines on
urethan-induced tumors, malformations, and presumed somatic mutation
in mice. Cancer Res., 43 : 1342—1346, 1983.

Nomura, T. X-ray-induced germ-line mutation leading to tumors,
its manifestation in mice given urethane post-natally. Mutation
Res., 121 : 59—65, 1983.

Ehling, U. H. Dominant mutations affecting the skeleton in off-
spring of X-irradiated male mice. Genetics, 54 : 1381 — 1389, 1966.
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MEREO BRFEER T~ 6 BT, B FEfgEmRm, REMILS=ETH
BINTWAGEO =271 vilirHnk, % 2MBEERO DI ST,
KR E CTHEIN TWe 1 1FHO N =2 4 ¥ lltd Bnic, HEY»OESE
HE S m T, 2THN (EE T YT ) THlE, FEIhThirzdoTh b,

137 Cs r #/R0 (F53L ) MBSEE (5 ) L8 ( 10 /) o2 BT Tiibh
oo FAWZHEIZ100,200,300rad T, &% 25 rad/minTH 5 o

BRI RERO BURRIC L HEEZoRER, BHHICHEFrEE#HENbsc LT
> THER A N 72,

EHBEOEMATS T b & LATER TN, UL LAHS (1981)"°
ORERGER L, BREBEC L > OB LGSR ER L, C— SV
Yol {7 o 7o BRPEYL AT & DISEMIRD 2 5 X 2 —IC L B RBRET TE B
T 2ic, 1 D08 EN L1 0 M EOMF L, 1 20 IKDonT
BAKS5 0O MBTEEL, K515 0 0 Mz 04T Lo

)

2. ¥ R

(1) AhEfmiafzsRED EE

7 RIR S 2 DR g COMME — RN KEE OBITRICHE 3 A R — %
TRIWCRLTH B, 100~300 rad AHFE, BT HKOBBIIEFEIGRN R, R

® M1

Recovery times of the germinal epithelium after Y-irradiation
at different doses

Dose Number of Recovery Mean recovery
(rad) monkeys time (month) time (month)
100 4 8.7 - 9.7 9.0
200 3 8.7 - 9.7 9.4
300 3 10.2 -10.4 10.3
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RLTW5B, EEPBECES 2FHHESCEGHOZERIEB LA LR N 2D S
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(2 MEEE

6 FEOHBHMEY L0 1 0 OREFRH L, 470 00 EZEHE LA
B4 OMERESRHE SN A, Licdi> THRFBESER 0.0 9% LiEEIh
o

7 MBENC X A AR SEEOFHFERE, 100 rad T 1.9%, 200rad T 2.5%,
300rad T 1.3% Tdo e, MEFHRBHEET » 7 v EFERIC, 200 rad
e —2 3 DILBOMBERLA (R 2 ), WELEARD HIRIEE ICHT AEEk
Mo, 100rad Tid1.4~21%, 200 rad TX1.9~33%, 300 rad
T 1.4 ~1.6%EbRYAIL, TREROBEMOER LI EA ERD S o
AL 2 [OFBEROMIC S BEEL ZD - o
T Y 5 THRINKEBROREEBHRO 2 1 7200 LR, 883hx
1790EEO9H155(86.6%) vWEWKBETH b, 18(10.1% ) »38RE
T, YO 6 BB X etk & E Yok s ORMOEETS 5 /o, BHREL L SR O
o i1 Tdh, cob@ 77790l 530 1 EFLIAZLIOTS
57,
£ 2

Summary of frequencies of reciprocal translocations after
y-irradiation to stem-spermatogonia

D?se ) No. of No. of No., of No. of % tzansloc§tion
rad cells translocations 1 s.d.
monkeys testes observed Def.+Pos, Def. Def.
0 6 10 4700 4 4 0.09 + 0.04
100 4 3500 67 65 1.86 + 0.23
200 3 3000 80 74 2.47 + 0.29
300 3 6 3000 45 40 1.33 £ 0.21
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gt L, BRBEERRE RO HEEITT> ThAH, 755 ¥ OEETHE—EC
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FREQUENCY OF RECIPROCAL TRANSLOCATION
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® 4

Crab-eating Rhesus monkey
monkey (van Buul,1980)
-~ —-— constant variable
No. of spermatocytes . _
All 500 100R : 200 1700
scored / testes 200R : 100 - 850
300R : 175 = 450
No. of spermatocytes <
scored / sample = 50 no limit.
Staining with C-banding with or without
C-banding
100R: 1.4 - 2.1%(4) 0 - 3.3%(7)
Inter-animal 200R: 1.9 - 3.3%(3) 0 - 1.38(7)
variation 300R: 1.4 - 1.6%(3) 0 - 1.8%(4)
Variation between
- ++

experiments

non-seasonal breeder

seasonal breeder

B2 bhzY, Lo TREREOHRIEE S EARRO 1 D& L TR
CE T BT REEPRO CRTELE THo R ENEL OND, —FHH=2 4 Fr
Hn TN OFHeMbPEICEHEITETD b, BFERIEEE—EREBIThhT
oo LA THRETRD BHBEMRIE CEBKAE - ThiadtD L
2bNb, TODFADERICENTREKBEOERD, TATHICL 2R
R mdofc b Bbh b, BHEMOXR - FRMAEREOHEE L OBRGIKDOWT
TFEHEEUOHEB R » — Bl =h v P — FHNCERALZER®TT C

EBBBTH B,

SEBAEBRBERE, © MCHT 2HHFROY 2 2 FHEOALDICE LT L IFES
TR LALOLREDNZWY, BCELA19804& BRA¥ERS
HWEFICL 2HEB L OLBOLDIC, Fx BBAT — 25 LEEHICKSHEHR
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FREQUENCY OF RECIPROCAL TRANSLOCATION

FREQUENCY OF RECIPROCAL TRANSLOCATIONS

Rhesus monkey
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DOYTH B,

FRDY R EEORDICE < U RDERD HE LNn Dh0 ) = 244
— B ITHERIC L A A4RE ( dose—rate reduction factor )— PN LA
Tk, TOREPERCe R v CEXOTEHICTELLELHHEETS 5,
Bl r BOBREHICL > THEGREOHREEE NEBHOThCERTEORE
BT 2055 RDIC, BIEEHEE (3 rad/day ) BHEHEREZFFTFTH D,
COEBRERICL VI LIEMRLZY) =7 #ELEIEIN B,

4. #H 4

KEFFED 7 OITY 1 OB Z IR L TTF X o 2B FREERIeR, RENILS
SERE O BRE AGEAEIC L SEIRLE L D 3

T OEBRICHH N T E o 7 4THFERT, BATHBSEDEEROF «, WO K&
FELEBHNT S 5 R PEFRE, + X CFATRAARO f« ICEHOBEELRT 5
Lk, SBOMEBNE SO EENT L3 0TH %,

s #Z X |

1) Lyon, M. F. and B. D. Cox, The induction by X-rays of chro-
mosome aberrations in male guinea pigs, rabbits and golden hamsters,
. Dose-response relationship after single doses of X-rays to
spermatogonia, Mutat. Res., 29, 409—422, 1975.

2) Brewen, J. G., R. J. Preston and N. Gengosion, Analysis
of X-ray-induced chromosomal translocations in human and marmoset
spermatogonial cells, Nature (London), 253, 468—470, 1975.

3) Lyon, M. F., B. D. Cox and J. H. Marston, Dose-response
data for X-ray induced translocations in spermatogonia of rhesus
monkey, Mutat. Res., 35, 429—436, 1976.
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4) Buul, P. P. W. van, Doseresponse relationship for X-ray-in-

5)
6)

duced reciprocal translocations in stem cell spermatogonia of the
rhesus monkey, Mutat. Res., 73, 363—375, 1980.

UNSCEAR, Genetic Effects of Radiation, 1980.

H. T. Imai, Y. Matsuda, T. Shiroishi and K. Moriwaki,
High frequency of X-Y chromosome dissociation in primary sperma-
tocytes of F{ hybrids between Japanese wild mice ( Mus muscu-
lus molossinus) and inbred laboratory mice, Cytogenet. cell Ge-

net., 29, 166—179, 1981.
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XV NIRS Symposium: Biomedical approaches towards radiation-induced

genetic damage and risk assessment

Perspective of genetic research toward risk assessment
A.G. SEARLE

MRC Radiobiology Unit, Harwell, Oxon OX11 ORD, United Kingdom

Although research directed towards the better assessment of human
genetic risks has been in progress for over thirty years, we are still
a long way from having an accurate idea of its true magnitude. This
seems a good opportunity to attempt some general perspective on what
we have learned about the genetic response of mammalian germ-cells to
radiation and what we still need to know in order to gain a clearer
picture.

To place the subject truly in perspective, we should consider
first what is known about the magnitude of the different components of
the human genetic load, so that we can see where radiation is likely
to have its major effect., Human chromosomal anomalies are found in
about 5% of recognizable conceptions, 40% of spontaneous abortions, 6%
of stillborn and 0.6% of liveborn (Sankaranaryanan, 1982; UNSCEAR,
1982). No doubt nearly all the spontaneous abortions and stillbirths
are the direct consequence of the chromosome anomalies carried
(especially trisomies), while many of the very early unrecognized
abortions will be the result of chromosomal monosomy. Of the liveborn
with chromosome anomalies, about 20% suffer from autosomal trisomy
(Down's syndrome etec.), about 40% from sex-chromosomal conditions such
as Klinefelter's syndrome (XXY) while another H40% will carry various
kinds of balanced or unbalanced structural anomaly, such as

translocations or invertions. Only a small proportion of these
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chromosome anomalies can be inherited, so the full impact of any
increased mutation rate will be felt immediately.

It has been estimated (Carter, 1977; UNSCEAR, 1982) that about 1%
of liveborn carry harmful dominant and sex-linked genes, while about
0.25% carry harmful autosomal recessives. There is much more doubt
about the frequency of partly inherited harmful conditions, congenital
anomalies and so on, although a figure of 9% has been used by UNSCEAR
(1977) based on the Canadian survey of Trimble and Doughty (1974).
Some of the commonest malformations they included were ventricular
septal defect, cleft palate, undescended testicle and hypospadias,
talipes cavus (club-foot) and congenital dislocation of the hip.
Clearly, the extent to which the frequency of these conditions is
likely to be influenced by increased levels of radiation is one of the
major uncertainties in risk assessment.

Let us now consider the sorts of information we need in order to
make accurate risk assessments (Table I). First, we need to know much

more than at present about the nature of the genetic changes induced

Table I. Some of the information needed in order to

make reliable assessments of genetic risk
1. Nature of induced mutations
2. Dependence of mutation rates on germ-cell stage
3. Effects of radiation dose, dose rate, LET
4. Mutation components in congenital malformations and
conditions with irregular inheritance
5. Effects of structural changes and chromosome imbalance

6. Relative radiosensitivities of human and experimental

germ-cells
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by radiation, as compared with those responsible for harmful dominant
human conditions, for instance. Of course we must have information on
the rates of induction of various types of gene and chromosomal
mutation, in relation to germ-cell stage and to radiation quality and
especially at low doses and dose-rates. For the congenital anomalies
and irregularly inherited conditions, we need to know much more about
the magnitude of their mutational component as well as the effects of
maternal vs. paternal irradiation. The effects of structural
- chromosome changes in both the balanced and unbalanced states need
further investigation, especially in view of findings of higher
frequencies of translocation carriers in mental institutions (see
Sankaranaryanan, 1982) and the recent work of Dutrillaux et al. (19871,
1983) on the types of reciprocal translocation induced by irradiation
of human lymphocytes and fibroblasts. There are other chromosomal
problems too, for instance whether the 'heritable fragile sites" now
reported from a number of human chromosomes, at least one of which is
now known to have harmful effects (Hecht et al., 1982), can be induced
by irradiation. Finally, new methods must be found for comparing
radiosensitivities of human and experimental organisms for mutation
induction. Allied to this is the problem of whether there are
especially radiosensitive groups in the human population, perhaps
connected with heterozygosity for particular repair-deficient mutants.
Next, let us consider some of the radio-genetic information which
has been accumulated over the years and which has been used to make
tentative risk assessments (Table II). First, we have a good idea of
the magnitude of the radiation doses which will lead to a mutation
frequency which is double the spontaneous frequency, especially with

irradiation of stem-cell spermatogonia, the germ-cells most at risk in
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Table II. The main components of our present knowledge from

genetic experiments for risk assessment

1. Doubling doses for acute and chronic irradiation (mice)

2. Effects of dose (except low acute in spermatogonia),
dose~rate, LET on specific locus mutation frequencies
in mouse germ-cells most at risk

3. Similar data for dominant visible mutations

4, Translocation induction rates in mice and other species
(including some Primates)

5. Induction of chromosome losses and gains

the male. These estimates are more reliable for chronic expcsures
(Searle, 1977), because only with these exposures does one get a
linear dose-response relationship. With the recent work on
transposable elements as a source of spontaneous mutation in
Drosophila (Green, 1980) and the suggestions that similar elements may
be present in the genomes of man and mouse the validity of the
doubling dose concept may be open to question, if many spontaneous
mutations have an entirely different origin from induced mutations.
However, I do not think the concept is seriously threatened if the
proportion of spontaneous mutations which stem from transposable
elements is approximately the same in both species.

Thanks to over 30 years of specific locus experiments at Oak
Ridge and Harwell we now have a very good idea of the kinetics of
induction of these recessive mutations in both male and female germ-
cells by different qualities of radiation and at a wide range of dose-
rates (see for instance Searle, 1974; Russell, 1977; Russell and

Kelly, 1982). The main gap in our knowledge concerns the response of
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AS (stem-cell) spermatogonia to single X-ray exposures of less than

300 R. Will there be a concave type of dose-response as is found with

mouse oocytes (Lyon et al., 1979)? Fractionation experiments N
(Lyon et al., 1972) suggests that this is probable, but it is very

difficult to predict frequencies at low doses from those at higher

ones because of the intervention of spermatogonial killing and

germinal selection.

Dominant visible mutations show very similar responses to changes
in dose, dose-rate, LET etc. as do specific locus mutations (Searle,
1974) and it seems safe to assume that the other types of dominant
morphological mutation being studied (e.g. those involving the eye or
skeleton) will behave likewise. However, more information on the
induction of dominants in female germ-cells is clearly desirable.

The induction of reciprocal translocations has been studied .
extensively in male germ-cells of the mouse and other rodents, as well
as in four Primates, including a limited amount of information from
human male germ-cells. Recent results of Matsuda and co-workers on
the crab-eating monkey (Tobari, this symposium) are of especial
interest because significantly higher translocation frequencies were
found than previously reported for the rhesus monkey by van Buul
(1980). Effects of dose and dose-rate are generally very similar to
those of specific locus mutations, but once again more data are needed
from female germ-cells. Work on the induction of aneuploid conditions
has been confined largely to the mouse, where chromosome loss is much
more frequent than chromosome gain and where oocytes are definitely
more sensitive than spermatogonia, in which cell selection may well
eliminate aneuploidy. However, until recently, work has concentrated

on X-chromosomal aneuploidy.

— 302 —



Table III. Approaches to determining
the nature of induced

mutations
1. Study of electrophoretic variants
2. Identification of deletions
3. Use of DNA probes
4, Further studies of dominants

5. Role of repair enzymes

Let us now consider how we can obtain more information on the
nature of induced mutations (Table III). By looking for mutations at
the biochemical level, by electrophoretic and other methods, we can
find out if mutation is to a null allele, with no discernible
activity, or just to a new allele with altered mobility, which might
indicate a base-pair change in the DNA. Work on the induction of
mutations at allozyme loci in Drosophila by chronic y-~irradiation
(Racine et al., 1980) gave 8 independent null mutants, most of which
seemed to be intragenic changes such as small deletions. However,
little work of this type has yet been done in mice with radiation.

It is known from the work of L.B. Russell (1971) on mutations at
the d and se loci that a number of specific locus mutations are(small
deletions, the proportion being substantial when more mature germ-
cells are irradiated. However, these have only been studied in detail
in two regions of the mouse genome, namely the ¢ locus (Russell and
Raymer, 1979) and the closely linked d and se loci (see above). In an
attempt to widen the possibilities for studying deletions in the mouse
genome we have recently produced a new specific locus stock which

carries four pairs of closely linked genes (Searle, 1983) thus
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allowing the study of deletions in four separate regions as well as
mutations at 8 loci. Results obtained to date suggest that specific
locus mutation frequencies per locus in this stock will be much lower
than in the original 7-locus stock, in line with the findings of Lyon
and Morris (1966).

With the remarkable advances over the last few years in molecular
genetics and recombinant DNA technology it is clear that we are on the
threshold of a new and direct method to study the nature of induced
mutations, i.e. by the use of specific DNA probes followed by
sequencing the region of interest in wild type and mutant. It will
also be of interest, of course, to sequence across the joins between
translocated and non-translocated parts of chromosomes, to find out to
what extent translocations involve changes in nucleotide sequence.

Previous work on the induction of dominant visible mutations
suggested that there were some differences in the spectrum of
dominants between control and irradiated series, especially after
fission neutron irradiation. This led to a marked preponderance of T
locus mutations rather than those at the W locus which are commonest
in the controls (Searle, 1974). Although there has been detailed work
by Selby and Selby (1978) on the nature of dominant skeletal mutations
induced by acute Y-irradiation there has as yet been no comparison
with spontaneously arising dominants affecting the same system. In
similar work on cataracts, Ehling et al. (1982) found none in over
8000 control progeny. In view of the importance of harmful dominants
as part of the human genetic load further comparisons are needed of
spontaneous and induced dominant mutations (especially with protracted
exposures at low dose-rate), in experiments in which attempts are made

to detect as many different kinds of dominants as possible. It seems
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likely that numbers of dominant visible mutations detected can be
markedly increased by including new categories. Thus, in an
experiment with the deletion-testing stock mentioned above, we have
kept a number of mice which were markedly smaller than litter-mates
for testing. Out of 16 fully tested so far, six have proved to be
inherited, though sometimes with reduced penetrance. Since 74 mice
were classified as small at weaning age, one would expect that 3/8 of
these, or 28 would have had a hereditary condition leading to growth
retardation (Searle, unpublished). Of course, a number of these would
die before breeding age, or be sterile.

Since processes of repair or misrepair are supposed to be
involved in the production of radiation as well as chemically induced
mutations it seems very desirable to find out more about the repair
enzymes involved. It has long been postulated (Russell et al., 1958)
that the dose-rate effect with specific locus mutations is connected
with the more effective repair of premutational lesions after chronic
than after acute irradiation, yet we still know nothing about which
repair enzymes are involved or how they work.

Our next set of needs for more accurate risk assessment concerns

mutation rate studies, especially at lower dose levels (Table IV).

Table IV. Further information needed on rates of

induction of mutations and structural changes
1. Induction of mutations in mouse spermatogonia by <3 Gy
2. Mutation induction in non-mouse oocytes
3. Dominants acting on immature progeny
4, Induction of various types of tumour

5. Translocation induction in multi-metacentrics
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Thus specific locus experiments are still needed where acute doses to
stem-cell spermatogonia are less than 3 Gy, to determine the true
shape of the dose-response curve at levels where there is little
killing. Since the arrested mouse oocyte is so different from the
human one, both in ultrastructure and radiosensitivity, it seem very
desirable to obtain some more mutation rate estimates from mammalian
oocytes (both immature and maturing) which more closely resemble the
human one. Some useful work has been carried out by Caine and Lyon
(1979) on dominant lethal induction in the female guinea-pig, in which
post-implantation losses were higher three months after irradiation
than at the first ocestrus. This was in contrast to results in the
female mouse, where immature oocytes are very sensitive to killing but
very refractory to mutation induction. More work of this nature is
needed, especially with chronic exposures.

Dominant mutations which are lethal in utero can be studied
easily, as can congenital malformations acting around birth (with
somewhat less ease) and various sorts of dominant which survive and
breed. However, little work had been done on presumptive dominant
mutations which are so severe that they kill between birth and weaning
or lead to a failure to breed. It should be remembered that
Schull et al. (1981) used lethality in the first 17 years of life as
one of their indicators of genetic harm in their studies on the
progeny of those exposed to atomic bombing at Hiroshima and Nagasaki.
Thus it would be very useful to have more experimental data to cover a
comparable time period. More studies on mortality between birth and
weaning and on such factors as growth retardation, mentioned earlier,
seem necessary. Foetal retardation is a comparatively common type of

congenital malformation in late pregnancy (Kirk and Lyon, 1982).

— 306 —



Another important type of dominant mutation which has only been
considered recently is that which gives rise to hereditary tumours. A
large number of such conditions have been described in man, many
acting in childhood (UNSCEAR, 1982). Nomura (1982, 1983) has reported
that X-irradiation of both male and female ICR mice leads to a marked
increase in the frequency of lung tumours in the progeny, tumours
which were inherited as dominants with about 40% penetrance. This was
enhanced by previous treatment with urethane. It seems very desirable
to extend this work to different radiation regimes and different types
of tumour, also to link the induction of hereditary tumours with those
in the exposed animals themselves. 1In fact, Nomura (this symposium)

is already working along these lines.

Although, as already mentioned, much research has been carried
out on translocation induction in mice, one drawback in attempting
extrapolation of these results to the probable situation in man has
been the great differences in karyotype, mouse chromosomes being
normally all acrocentric while human ones are mainly metacentric.

This difference may be quite important, since Crocker and Cattanach
(1981) have shown that irradiation of metacentric chromosomes leads to
a distinct type of exchange, the so-called "intercentric
translocation" which can have undesirable consequences. Since it is
now quite feasible to construct a multimetacentric mouse karyotype, in
view of the large number of Robertsonian translocations now discovered
in the mouse it would be very useful to use such a stock in future
experiments.

Severe congenital malformations are like dominant lethals in not
being inherited, which often leads to difficulties in determining the

extent to which they are genetic in origin. As Kirk and Lyon (1984)
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point out, their study is of particular importance because they
constitute one category of conditions which have uncertain or
irregular inﬁeritanoe, about which little is known. These authors
confirmed and extended the pioneer work of Nomura (1978, 1982) who
first showed that congenital malformations could be induced by
irradiation of male and female mice. They found that, in X-irradiated
female mice, the frequency of congenital malformations increased with
dose and time interval, reaching a maximum after conceptions in the
third week after treatment (Kirk and Lyon, 1982), while in males also
the third week after treatment (early spermatids) seemed the most
sensitive (Kirk and Lyon, 1984) while there were signs of an effect in

spermatogonial stages also.

Many different facets of this work deserve further study. Since
it is known that a number of trisomies in the mouse (Gropp, 1982) lead
to congenital malformations (including retardation) of various types
it will be interesting to find out to what extent the anomalies found
are associated with chromosomal events and to what extent they should
be regarded as presumptive dominants. In females, radiation-induced
maternal effects on uterine physiology might spuriously increase the
apparent genetic effect, but this complication can be overcome. Of
course it would be of interest also to determine the response after
protracted exposures.

There are a number of problems (Table V) still outstanding in
connection with the induction of structural chromosome changes, which
have been recovered after irradiation of practically all types of
germ-cells in the mouse. In the balanced form they may sometimes have
a visible phenotypic effect (Searle, 1981) or show male sterility or

reduced fertility. However, the extent and magnitude of the adverse
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Table V. Problems related to the induction and

effects of reciprocal translocations
1. Effects of balanced translocation on fitness
2. Comparative studies on chromosome imbalance
and its effects
3. Transmission of induced translocations
4. Proportion of imbalance surviving to birth

5. Restitution vs. repair

effects of balanced translocation heterozygotes in human populations
are still not well known, although there is increasing evidence that
they do have such effects (Sankaranaryanan, 1982). As far as
chromosome imbalance is concerned, the studies of Breckon and Savage
(1982) on structural changes in the Syrian hamster, which show that
homozygosity for large deficiencies can be compatible with an
apparently normal phenotype, are important in showing that the time of
DNA replication must be taken into account when considering the likely
effects of aneuploidy in particular regions. There is still some
doubt on whether the 50% reduction in the expected transmission of
induced translocations to the next generation found by Ford et al.

(1969) is to be expected at all doses and dose-rates, but at least the

work of Crocker (1982) has suggested a plausible reason why it should
take place, namely a tendency for spermatocytes carrying
translocations to take longer than others to pass through metaphase I.
Thus it seems reasonable to incorporate this factor of 2 in relevant
calculations. One particularly difficult cytogenetic problem is to
find out what proportion of embryos with chromosomal imbalance would

be expected to survive to become malformed newborn. Dutrillaux et al.
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(1981, 1983) have studied the types of reciprocal translocation
induced by Y-irradiation of human fibroblasts and fibroblasts. From
their knowledge of human cytogenetics they concluded that about 40% of
the translocations induced might lead to duplications and/or
deficiencies of chromosomal material which would be compatible with
survival to birth but which would usually have serious pathological
effects. This is an important step forward but two questions remain
to be answered:- (i) what proportions of the unbalanced products of
particular translocations will be of the possibly viable type and (ii)
what proportion of those embryos carrying the possibly viable type of B
imbalance will actually survive to birth? It is well known that the

times of death of particular lethal or sub-lethal human karyotypes

(e.g. trisomy~21 and the XO condition) is very variable. One final

more fundamental problem is whether the restitution of chromosome

breaks is essentially a process of repair, which can lead to

"misrepair" with possibly undesirable effects. Further work at the

molecular level will be needed to resolve this.

A final group of problems worth discussing (Table VI) are those

Table VI. Studies on relative radiosensitivity
which would help in genetic risk )

assessment
1. Somatié mutation rates in vivo vs. in vitro
2. Somatic vs. germ-line mutability
3. Somatic mutation rates in different species
4, Structural vs. regulator genes
5. Radiosensitivities of different types of

dominant mutation
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concerned with relative radiosensitivity. Several of these concern
somatic mutations, since comparative work on mutabilities of somatic

cells may prove the best route of extrapolation from mutation rates in

experimental animals to those in man. The field of somatic cell
genetics has expanded considerably in recent years, especially

in vitro studies on mutation at the HGPRT (Lesch-Nyhan), ouapaine
resistance and thymidine kinase loci (Sankaranaryanan, 1982). The few
in vivo studies have mainly been on colour genes in the mouse

(L.B. Russell and Major, 1957; Searle and Stephenson, 1982). However,
Strauss and Albertini (1979) have described an autoradiographic method
whereby human peripheral blood lymphocytes which are 6~thioguanine
resistant and thus characteristic of the HGPRT deficient Lesch-Nyhan
syndrome can be detected among large numbers of normal lymphocytes.
This paves the way to in vivo mutation studies for comparison with the
in vitro ones, which will give some idea of the latter's relevance for
risk assessment. Somatic versus germ-line mutabilities after in vivo
irradiation can be compared in the mouse because the same loci have
been used for germ-line specific locus mutation studies and for
somatic mutation studies in pigment cells. A third necessity is the
comparison of somatic mutation rates in different species, either by
the method of Strauss and Albertini (1979) or by that involving coat
colour loci, if suitable colour variants are available in the species
concerned .,

Another necessity is the widening of the array of loci used in
mutational studies. So far, these have fallen mainly into the
category of structural genes, but perusal of the latest edition of
Mouse News Letter shows that an increasing number of regulatory genes

are becoming available for study. Nothing is known about the
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mutabilities of these. The relative sensitivities of different types
of dominant mutation also need further study, especially since Kohn
and Melvold (1976) failed to find evidence for the induction of
histocompatibility mutations after X-irradiation. No-one knows
whether this applies to other types of immunological loci also.

This review of potentially useful lines of research to allow us
to improve on genetic risk assessments has been of necessity very
selective and with a great personal bias. However, I hope it shows
fairly convincingly that there are still many gaps in our knowledge,
some of which can be filled now while others will have to wait for

further improvements in technique.
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