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Sister Chromatid Exchanges in Plant Chromosomes
I. An Improved Method for Differential Staining of Sister Chromatids

NHE R - KB M

Shunsaku Utsumi, Masashi Yonezawa
Summary

This paper describes an improved FPG method for differential staining of sister
chromatids and the preliminary study of sister chromatid exchanges (SCEs) in root
tips of Vicia faba and Allium cepa. Roots were grown for two rounds of DNA
replication in BrdU(30.0 gg/ml) or in BrdU, FdU(0.025 xg/ml), and Urd(1.221ug/
ml). BrdU-treated roots were immersed in 0.1% colchicine for 3h followed by
fixation in acetic alcohol. The roots were macerated for 1h at 37°C in the enzyme
solution which contained 4% cellulase(Onozuka R-10) and 4% pectinase (Sigma)
dissolved in Mcllvaine buffer at pH 4.5. After rinsing in distilled water, a root tip
was placed on a clean slide and then squeezed with a needle. After a few drops of
fresh fixative were added, the slide was flame dried. The flame dried preparations
were stained with the fluorochrome compound 33258 Hoechst (5¢g/ml) in 0.5x SSC.
The stained preparations were mounted in 0.5 x SSC, the cover-slips being sealed
with manicure fluid, and exposed to strong light from a high voltage mercury lamp
for 1h and further weak UV-light from a 15 watt sterilyzing mercury lamp overnight
at 10cm distance. After removing cover glass, the preparations were heated for 1h
at 55°C in 0.5x SSC and stained for 6min with 3% Giemsa in 1/15M Sérensen’s
phosphate buffer (pH 6.8). Finally, the preparations were rinsed, air dried, and
mounted with Eukitt.

By the improved FPG method described above, a sufficiently good differentiation
between sister chromatids was obtained by growing the roots in the presence of
BrdU alone. SCE frequency was proportional to chromosome length: 2.4 per M
chromosome and 1.0 per S chromosome, giving a mean number of 11.0 per cell.
The addition of FAU to the BrdU solution resulted in a strong increase in the
frequencies of SCEs: 5.0 per M chromosome and 1.9 per S chromosome. SCEs
were found to occur more frequently in the euchromatic regions than in the
heterochromatic ones, including the centromere and telomeric regions. Finally, the
occurrence of SCEs involving less than the width of a chromatid is discussed.
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ik G R 38 # (sister chromatid exchange ; SCE) Ui Bwac k O’CI—J NGBS
o U AR L Rk BRI ESER) 2, £ OME L —#7 ZHEICTRT 2R TH 5,
OB, F— I VAT T THICE DY T4 Vicia faba DREKDTHA 5, Taylor
(1958) I & > CIELHTHE SN2, A— TP A 7T 75T, SEAK (H) CERE A
X 7vALF (H3—F3122) 2V 72 XOBEMIICERBMEY) 2 38 CREARDNA 2
B L Th o 2 B EHORMIS I BT, PHREEKLZENRT 5 2 KOREMMENH b, 1
RIIHEEE TR N, Mo 1 AR I N 2 L LRI RA S b, -0k
N PSR E FFERPESEK L DM THE Z—85 0 AN > T D TH B, ZHH
RIZOWTDILE L FFERERD 5, Taylor (1958, 1959) 1%, (V&§E5AKIT 1 40 DNA —
EHE, LHBRIN T35 2 &, (2)SCEs i3 B5ic, s RLBALE LT, EMIBSE CRH UE
BETRZ 52 &, (3)SCEs i3 “ESO TR TH S 2 &, WRESKOT 722 | O AEE—
WIS L 2L oI I‘E’:bﬂé & &, NET mi%ta‘ﬁ?sﬁ?k@l%tto Nl (7Y - 1h
A EMRBAROEAEE LR T 5 ) A TERLERE L- T 30T, £ DMIERY
ENEB VX, %VME'?@ DWTRFIZOLZIHHFLVERILL, £D, £—F TP
* 77 7HEERAGT, %% SCEs Iiﬁynﬁ‘tfénfzo ZTORER, D DEWEIZBWTYH
SCEs BT Z e dbhr -7, LHL %h s, FfEikDNA O)F%kﬁbﬂé H3g s
SCEs # %2420 T, SCEs " HARET 205, 553 H 2 b OREHRIc L W BR 2N
724 DYDY FEJEEE: Uo7, 13 A EDIFIEEHIX, SCESs DT XTTldZ vl Z DKERGT I
H3%: b ORUREEIZ & ) SRS N7z & £ 2 72 (Gibson and Prescott, 1972&88), HAETL, =
DEEITTEEIC ﬁ@ﬁﬁéﬁfwébﬁf il‘rw

SCEsHAEICBITEF— 7047 77&@%?(@7{5611@%3"%%? (H®) Eﬁi SCESE??
RENDH B L THED, ZOMUc b SCEs D& L 72 FEMLAERFA % 72 & 1 #1511 2918
W2k, BAIAERELEY L, TESERT, BEEBEOI LI L EOREDD D,
znwz, BHET, IVBEHNOSHENREEILEIN TR, &k, A— 794777
FEICR - T, R EESREZ ERHTIT 5 EbOTHETHRGHOT SN FEFHAR S 1,
SCEs DRFFEIZH L VEBEIC I3V ), REMICRELSDH 2, Z0HiEi: BrdU E#kTh
5, . |
BrdU B#FE0RHE 1%, REERDNADENFNF I v EEL5—T7T a7 7L (5-
bromouracil) I B T 5 2 & Th b, IlBE2S—7T 0T X7 Py (5-
bromodeoxyuridine, BrdU) % & {5380 T 2 MIBEHOMEET 2 &, P¥igaks BK
T2 2RDREGERN ) LD LIARIIDNAD I RENF I 7027 7L NVICERIND
(% TBYRESMRE L) 0k, L9 1FIEDNAD 2HRPENF I v H7Tax7 70
ICEB#ENS (N E BBRESHKE L&L), ZORBRE2ELERS FPGHIC L 5 X 4K
TRETLZEICLY, BHROETHH 5 VIEREDRIKNEL LT 2 RN EMEE XF T
b5, T Z 7)75&&\_ D ik 5k 2 XA L 72012 Huang (1967) TH 5, FwWwT
Zakharov and Egolina (1972) i35 v 4 —‘——X“/\L\Xf—@’ﬁﬂﬂﬂc: 2 %‘B]Bﬂ%ﬁ;ﬁ BrdU Z &9 A
- F4, BB§@Es R TBREMRI D LR L), X FREICE YV EROFITINEZLEE
B 7z, MERUMENRY AABDEIC & HOHTRYE @6}%0)5‘7{% % Ikushima and Wolff
(1974) iIck WBREN, BrdUniInica—F 7T+ X7 > (5-iododeoxyuridine) 12 X
> THEAEDERIBLN TV S
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BrdU @ik # #s2 L 72013 Latt (1973) TH 5, i3 BrdU Bk #whai~¥ 2
P33258THRE L, HLTIMSE CHET 5 &, TBRESKIZI BBRESMRL ) LB ( PR
N5 EzWwEL2, RFENFRIT acridine orange, DAPI(4-6-diamidino-2-phenylindole)
T EDEHBRICEL > THHRLNSH (Kato, 1977; Latt, 19785), ~* 2 F D34, #HA5H
W T TOBEHE - DIZK L T, acridine orange 2 DAPI TI3E <, BB % e rid At L )
RCHEFSNLIETEN TS, L2 LLhs, HEEERRETIISRS N2 kAR % /B
TExWnWZ &, SLIIPEEGEROKGEHHED SCEs * 7V T —D DI MERHTH B Z L &
DREDH D, ZNLDREFENRX LY (FPG) HENFZIC L > CHBINL,

Perry and Wolff (1974) 3~% 2 } THREL 2EEALHBICEBR L 205, 60°C DIEEKS
5\ 32 XSSC T2 WM L, XAV YBET 52 I L » TRk % BE07 12 Y50l T
5 EIZHIILTz, ZnFiEE FPGHEE WS, oM CHEMBE T TH L4255 BB
BERDSX L TR RN, BEHEERT 2 TB RE A BRI N5 2 & 22, SCEs
DEEEIMETE >R FELWI E2RB LA, Hv>T Wolff and Perry (1974) i2~% 2 +
REL2ERL RO ICBNRTURMELT 22 & CABOKEELBTWE, ~X2 0
RO AZ 70— lBRTHEIF AR IINA P TN—TLRLEEIBLNS
(Goto et al, 1975), FPG HENLEHEH % DMREZBIZ L VT b TV 2555, ZOMIZ~
X2 MR E L, 87°C 1M NaH,PO, (pH8.0) T104°F, & 5\ 389~91°C H»1M ') >
EeiZ & (DHS8.1) T 1R T 2 FEE LRI N T3 (FIl, 1979%88), F72, > FiE
CHWLNS F) 70 RRFIEIZ & - T ORGSR S YIITTEETH 5 (Pathak ef
al, 1975). :

RESERNDGGITEL D) 2HHIAY BrdU 2 ) AZ¥72 L 241 2% TB &£ BBty
EOMTIT b b5, 1HIEEY BrdU 2E D A ¥, DENE#IZ BrdU OBz k5 T
15 TB & TTRESRNBTHWEETH 2 (Kato, 1974 ; Korenberg and Freedlender,
1974),

LREEDF I TNT BB feti R IR g I 5 /8 THh 5 5%, Takayama and Sakanishi
(1977) 1355°C D20%BIRREELIE, b 535 N DEBRAIEIC & - CGHORHHT, Tib
L BB KR L, TB Yt EARIT 5 Z & 2 HEL T 5, oot i3 st
77 Rz E > TL18 515 (Scheres et al, 1977),

FPG i & 2 gtk SCEs #7813 Kihlman and Kronborg (1975) @V 5 = £ R4
RTOBMEIRNTH b5, D%, F<+xX (Schvartzman and Cortés, 1977), 4 2 X
(Friebe, 1978), # 7 24X (Schubert et al, 1980) % & DRI THEEIN TV 5, I b
DIFFEIT T ND in vivo DEBRTHY, SCEs DHRFRENDEELKRE T2 5 2 THEMIZAE
Rl TH B, L2 LED S, TNSEDHRIZEBIT S 1 2OXKREIZEREIK DNA bz BrdU %
B D A 9 5 7212 5-fluorodeoxyuridine (FAU) # AL T3 2 & THh b, FAU IZF 3 oL
BMARBROEEXHEL, MBENOTH X F 3 P LEEREZE 272512, DNASE~AD
BrdU oY) iAA DR & 15 5% (A Kornberg, 19745 8), —5 CHMLREAROEERYE 45
EITH5ZELMLNT 5 (Kihlman, 197158). L72%°> T, FdU it SCEs # %3 %
Wrid 50T, WYMEHZBWTFAU 2H L & v THikRESME 2 0% 5 Fik 2 BRT
LULENH B,

%% 513, Kurata and Omura (1978) DB%L 72531 k&% (flame-dry ) = & 2 @4
REOFEREFRELEAT S Z Lick ) BrdU 85 TR ESMKD S LI KINL 12D
T, TDOFHERDWTHET S, ZOHEFHWLZ L2, FAU i3 SCEs niEE* & 5
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ZENHLDE 0Tz,
YL S R Ps 3

MEHZIE, VT X Vicia faba (2n=12) BL U= X Allium cepa (2n=16) DRI
BABOMILE F 2, TS DN AR B ARE (, B DV TEREICENTS
b, VI X TREMEEZMERL 2,

2~3cm IZ{H 7248 % BrdU KB (15, 30, 3 & U60ug/ml DEBEE) & 5\ id BrdU (30
wg/ml) i FAU (0.025xg/ml) &Y ¥ > (Urd, 1.221ug/ml) M2 72BEWFT, VT
A1320°C T4385H, £ =% ¥1325°C TR 2N 21 2 MIELIEE L 72, RIRHU 2285
% (VI=x), 1THRE (F=2X) CHLWIDIZENEZ T, EEPEIRARS 7124
BHRPICERERY, BB ohnd ) ICHERBETNVIRANVTHES

BrdU 2B DA ¥ 724R120.1% 2 L e FIic 28, SEHHREL (PHiMRLZEH DD,
e 7 La— L (1 : 3) vCREEL 2, BEL 2B E <y X~ 4 ViEER (pH4.5) 12
pLI24%eNT—x - F /) ZXH R=10E 4 %0 F+—+ (v 7<H) DREEERETT,
35~37°C, 1BRRIAERIC & O REEL 72, RiC, MEEL 2RI Z B KELZDDL, 1A% X T4
F7o5 2 bicBXR, AMEETHD Bz, BrnziBir o Bic 2, 3HEOBEELERET L2
—NWEEL, LT AI—LT Y TDORIZHPELTRROLZ, ZICEDREERIEIHED
LoIF2Z e —BICIEY D ZAT4 F 7T RICHEBEL 2. UED & ) % Peafb A ERiE %
SIkE®R (7L —A F‘_‘?/f) BE Li, ZTOREREARZ(0.5XSSC (0.075M NaCl+0.0075M
Na,—citrate) 2L 72~% 2 | 33258 (Sug/ml) CT55r Mgt 72, Rtk FEAZ0.5X
SSC ¢¥4 X, ALE2RKB EICHETL ThbHX—7F2%»F, TORBZ~>=%27T7T
U, ZOER KEITREEE () »224) 25 D E320~470nm OFTHI10cm D
B 5 1RRRIRE L, 251 ELT (15W) TlMEBH L2, 201k, IV )ITHNN—
75 2%FT L, BAE55°C D0.5XSSC H T 1 B | 72, A L 7224 (131/15ME—L ~
oY) o BEER (pH6.8) TT T X, RIUEERE CHMIRLZ:3%BX LY (A7) T64r
gl 2z, finC, BEKTTTE, ZBRERL2OL, 2—% v P THUAAREL L7z,

R EBE

I. REBEIEIREOAR

Perry and Wolff (1974) 2 & 0, Sig@ikofiitkie stk % M T Lo b BRI Gub sy
T2 ENTE, ELICKRAERE L URETE L HEL L THLENLZFPGERZ, 3LHT
Faspie k@A L 7291 Kihlman and Kronborg (1975) Th %, K513, V 7= XDRfE
A% BrdU T L, FPGEIC L ) SYICEINL 72, Z DB, # 5 ISHEHMIE~ " BrdU N
NIAARIZEHLDTLVDT, F3I JPNEBAKERIMESRTH 5 FdU ZREEHFML TF 2
NEDASKZHEIL, FOMNIZBrdU 2+ 1BV AZE 5 Z &5, HALGTEL2HLO
CLETH B EHRNTWDE, ZDRICFERS NIEDREEKRICSET 5 SCEs I T~XTZ N
A& B v Tw 3 (Kihlman, 1975; Schvartzman and Cortés, 1977; Schvartzman- et al,
1978; Kihlman et al, 1978; Kihlman and Sturelid, 1978; Schvartzman et al, 1979;
Schubert et al, 1979; Schubert et al, 1980), L7 L Z&ch s, FAU IZREEKRE 2 FHET S
Z s w50 T (Kihlman, 1971), SCEs 2% 356 ¢ E2 b1 b, L72H7> T, SCEs
MR THRREET LA LI L ERFT 21213 FAdU 082 AN TEB S LEFH 5, &)
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WREMKIZBT 5 SCEs 72 Tld, %< D4, BrdU Bk 5 CEBAFTL b TV D 3,
FdU 2 EREML T3 304 b 5 (Kato, 1977), LA L, =1 b OB EEEMIE T2 b
N72ZHDTHY, LhHd FAU »*SCEs FRIZFNRBREME L Tw 235 R i 5 o (I
v, :

AEFF2 T2, %7 Kihlman and Kronborg (1975) #hiE#BRL 722°, #LoOxLET
SRR L T RATR S e B - 72, BrdU 2 FAU % 301 L 7285412 13 00 AN EER 20 25 & 2 38 &
N7z%% BrdU Bt 5-Cld & - 7 { I3 S 1Lt o 72, 38 L D3 U T Holk iy B i 70 43 e
DHLNZDIMILE D L FEECRUH L 2R EKRICBNTTHY), HMBEDOFICE>TWD
REBRICII DDA LN LD 512, ZOZ LMD FROWET E > TWwb o L %
AL T3,

19784, Kurata and Omura I3 AIHITZEICEY) BN KET, LA LEL S TIC
REKMEZTA F 7 T2 LT A TEB 7V — LA F 4 2R L2, Bk
FPGIZZMARDZ Lic L), MBEEVGRY BN, 1ZEASEL LTICo 8L, BTG
SNLREHRME EHIF L7z (Figs. 1 and 2), Z D#5513, BrdU By, FdU FER
MOCTNDHELF L Th o7z, 7V —b FTAIERTA FIF 2 Qefath v it B S 9
5NDT, ZDRNDER DB TORBIRDFMIZII LA LA ED LN h - 72, LeBfkD
S Y > 2 RIFLEAZ DS 5121, R T4 N5 R Ol L 721855 2 s TR & %
HRIELNI Y, BIUERKRZPES Ly FTHRODBRWTEL I EATTH B, ,

HAHBIRF¥ Z 332587 FE i3 Kihlman and Kronborg (1975) #fv:720.5ug/ml t ) &
DEZLEN AV P TRALDRCGEIBLNI, L LadTs, TNTOERTEEM L5
Re1367:HI12iF, BrdU DB EIC L > TAX X F DBEZ BRI ¥ 2 LTSS - 72, BRI
BT, BrdU BE215~30ug/ml &60ug/ml & TiF, ~% 2 MEEIZETE T2.5ug/ml, %
E CliSug/ml TEBA L5155 072,

JRRET SR & L Cid, KESTH 5 D5 T 1 BRIRS L7200 b, & 5IRBITIC & 5iF0E
BED O D 1BH TRWHERIHB O L7z, KBITDZ, 5 WIZRETOAD RS TI3ER 2
EZTHRVWERIIB LN LD -7, BRBBHOBEAICIER, 25— 20 ft~w=%=
TTHLAI ETHBREBCZENTEL )2, BELZLEE L WD EED 5O RE A
TREL T -7z, SSCHMEHEEIZ DWTIF & CICRBET 2 BB T b - 72,

UEDHEFPGEEIZ LY, vI=2 (Fig. 1), #=4%% (Fig. 2) & L lcptafhndEs 5§
CHATY), EERICIR R BRI N 2182 BI5GB 2 L5 TE 2, B, ML oL
& FPGikiz & Y, BrdU B 5 L 72 8 = % X D Yefafk TRk g K5 Geic 530 L 7261558
HIN T 5 (Gonzdles-Gil and Navarrete, 1982), = D2 & i3, etk hoii i o) 4\ BE
T& AT T ild BrdU B35 T 3 iR K T BT 2 ke 5055 Qe 3 B T
HHZEERLTwE, LHL, BLOXLETIE, REKSRELLT, REEKHEOZ S
> IR H AR ED DY), BEMFERICIZ 7L —L4 F 54 D HIERMICENL TV,

BrdU % % < ¥ BB a5 Ki3, etk L, TB vtk & ) P20 5 4 2 Ahhs
W LN % 51 DMPEFERNDEE N R 5T b, FD26, FENZ L v TB R0k
ZPC, BB Yefar R AMANCELY L CEF R 2 (B, 1979), AKEFRIC BT b, RGPD
BTSN, BPDYASARIINEIC S > TEL T2 (Fig. 3), L72dt- T, &
FTHWAWE FPG 12 & 253403 BBIRREEITH L L E2 LN 5,

PDEnkoiz, vI7=x, =2 X00TNIZE T LR EMES Er B L 255, &
CARXEY T L) R E , BREAIH D L KA RETH B, F10D 2,
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UTOMBIZOWTHERIZY 7 A 2HWTUTL > 72,

Figs. 1-4. Metaphase chromosomes of Vicia faba (1, 3, 4) and Allium cepa (2) stained by
the improved FPG technique after incubating in BrdU alone for two rounds of replication.
Vicia chromosomes in Fig. 3 demonstrate that lightly stained BB chromatids are longer
than deeply stained TB chromatids due to different condensation between both chromatids.
M chromosomes of Vicia in Figs. 1 and 4 have three C —bands (H — segments), one in the
long arm adjacent to the centromere and -two in the short arm. Arrow in Fig. 4 points to
sister subchromatid exchanged segment.

II. SCEs#EEIZRI(ZT BrdU & & U FdU R
Table 1 (X, SCEs »HBSEREIC %12 BrdUBEB L ' FAU DBIZ DWW T F Loz
NDTHD, V72 0%REHEMIEZ, BRETKE ZHEKRE ZXRE (CREE) 3 DRFE
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BRARIR AR (MPEEEK) 015 EMREEDKEGFDE X ORGENEATREEK (S
BIK) DEXP L% D, S5HOSREKIIJIZEK - AACEEOLREETCRENFRETH
b TNWZ, ME SEEIKICKEIL T, ZNFNDOYRE/KRL Y o SCEs HE 2T/, MES
REARLNVDRINDMIZT 1 0.44TH S (Michaelis and Rieger, 1959)., Table 1 (a, b, e)
BT, ME SEEERBOGEEMARL N o SCEs D (13IF1 : 0.4) 3R EEAED ICIZIT—%
LTwd, ZNDZ kid, SCEs DHBBEE I RAEERNESIIZIZHAIL T2 2 L 2R T
%, EROFERIIEBWERBEKICBNTIHREIN T3 (Kato, 197738),

Table 1 The effect of 5- bromodeoxyuridine (BrdU) and 5- fluorodeoxyuridine (FdU)
on sister chromatid exchanges(SCEs) in root tips of Vicia faba

Concentration | Pre-treatment Post-treatment SCEs per Chromosome
Treatment ‘B
No of BrdU (ug/
: ml) 22 h 21 h M S

a 15.0 BrdU BrdU 2.5 0.9

b 30.0 BrdU BrdU 2.4 1.0

C 30.7 BrdU+FdU dThd* 3.1 1.4 (1)

d 30.0 BrdU+FdU BrdU +FdU 5.0 1.9

e 60.0 BrdU BrdU 4.0 1.7
*dThd = thymidine, (1) Kihlman and Kronborg(1975)

SCEs #/£i3 BrdU *—ENEE 282 5 & Bz L 7> (Figs.1 and 4), BrdU mi#gE
7158 £ UF30ug/ml T3 EMARL ) o SCEs HEIZE D 50\ D5, 60ug/ml T3 2 £ 8m
L7z(Table 1 a, b, &), 2N Z &% BrdU H4KH* SCEs ZFRNBERICL > T B & 2B L
TWb, T TIZ, BMEiRic 3 T3 BrdU oL EE H B - ¢ SCEs $AEE 3
5Z ridmsnTvw3, Kato (1974) 13 2 MIAEEH BrdU TE#L 2 F v 4 =— X LR T —
HMRET, 2.5pg/ml Ll koD BrdU CTld BB E HEinic v SCEs SEE I3 8n$ 545, 0.1~2.5
pg/ml DBEHTII—ETH B EHEL T35, FEREIC, b FoEE) > oSkizBnwC, K
ENEEIZIZIZ—%E TH 5 (Latt, 1974), Kato (1977) (3 ctEbs REROMIZE0.05~2.5u8/
ml ® BrdU TALEE L 72488, 0.1~2.54g/ml TIZ SCEs$HEIZ F - 72 B b 5 & o5,
0.05~0.1ug/ml NEE THIT LK T 2D, LHrL, FOERTREETIILL, An
BrdU o4 EEc 3\ C SCEs l3—E ThH 2 L T EZ Twd, 2D LD (2, BrdU {5 i
TSCEs EF—E & %5 Z &1, BrdU OFRNFEH» LM L TSCEs 4 L 5 = & 2R
L, SCEs »BRELET LI L% )b bwE s, Lo L, Wolff and Perry (1974) i3 CHO #H
fa% BV, 0.25¢M(0.0772g/ml) > &51uM (0.307,g/ml) @ BrdU i# s ¢ SCEs $E 13 &
BUZHML, 2N EDBETII 20012 5 2 & 28221, BrdU Z#E bbb
SCEs %, §XTBrdU I & > THERSINZRENH L2 L 2 BT3B, TNLNHERT 5
RERIZOWTIE TG LRHBE LI N T vy, SEEMIEZ AV 2EBR CITEEE, MEEY
B EDFBHIZ L VRERVELAEING DT, L) IEHLBRIT 24775 ) 72123 KN (i vivo)
THOEBEIEE L\, Tice ef al (1976) (37 v i< BrdU 2 &k & ks EA L, BiE4M
I281F % BrdU & SCEs DR % Ked 72, RAKBEN1.9ug/g wt/h 7 57ug/g wt/h D BEE
FCTSCEs#HEI—E &%), TNULDBETII AT 2, FHOKRI, <7 208 EMIE
BIUOEHME T/ S LT 5 (Kanda and Kato, 1979 a, b), 260K, BrdU ik
BETSCEs $HELN—F & 45 TERREE SCEs DELELXTRETLL0TH L, L L,
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BrdU »# 58 & SCEs $iE * DIEH LR ZKkHIZ vz, BHARESCES T ENC H\»
DEETHEL TV E2IIFRHETH 5, HNIRIZ, BHnic < 5T, BrdU EH»E 5 T,
FN¥ 58 L SCEs i & NEMR P IEREICIBIBTE 20T, AENERICHEF LR TH 5. 4
HRICBWTIE, 3EMOBrdUBEZRAWRICTELZVWNT, HHKRFEE SCEsH EN Hn
ELTHERREOWTIISBOFR LML F L RIE R S,

FdU # 0z 72384, BrdU Bt 5054 » sk L T SCEs $E B L 72, Table 1(b, d)
icAaS5N B Lk 9z, BrdUBEA30.0ug/ml & &, BEE T SCEs $HEII MKy )
2.4, SPAEMAKLN1.0TH S5 FAU #imz 72 & 2 SCEs $HE 3, M¥PfEALD5.0, ST
WL 01.9TH N, 13T 24ECML T3, Table 1(c) it Kihlman and Kronborg (1975)
A BrdU (30.7ug/ml) % FAU & & i 1 MBEASR Y A28, %< 2 BB OMREIR TIIIER
FIvrRE272850 SCEsHHE (MBPEIRL 3.1, STEEEKLDN1.4) THEH, 13T%F
BE (30.0ug/ml) » BrdU % 2 MIEHARY A FR2AERNFER (Table 1b) L VL2

ZEV, BrdU # 1MIFEA L D 2 MBEEAE ) A £87213 ) &%, SCEs HEIZE %5 2 &°
T b (Wolff and Perry, 1974 ; Schvartzman and Cortés, 1977), L7245->C, LIk
DFEERIZ, FAU »*SCEs 2N TWBEZ 2L TWB EEZ LA,

M. ikt SCEs DT

Y T2 A DYefafkiz Codikic & » TRESGHE (H) B4 L RN IBEE (Cogedl) & L
TAL®H 5N 5 (Takehisa and Utsumi, 1973) . AFF3EIC BT L, R FPG iz £ 9, SCEs
r & i M iaikic BB 72 C o desisls b7z (Figs. 1, 4). 20wz, Mtk o SCEs 7
SA L HE X DBE 2 R~ /2. FOkER % Fig. 5ICRL 72, B8 L 2 REAEIZI06KTH 5,
—kB L UOTRRE (K Bx &7 Cogtifiro SCEs $8%1318/106 (17%) T, EIEH
/% (E)&788/106(83%) & N IEHICIK\V, T4bb, HEL N EZBIcBWT SCEs 7°% < &
TR EPELPIC 5720 MBEBEKEBE X 6 DOBMICK S LT, FNFNDOEALIZBIT S
SCEs NEES M2 A b L, BMI5 Th - b %, UT4 1, 6, 2, 3NDMWETREICH%L %
5> TWb, F72, BIFAKEAM(C), 1S (N)IZE HICEWIEE T SCEs "4 L Tvw 5, #
FE3i1E2 o0 CH%H) Wrb sz bbb T SCEsHEIZEK Y, M 41T 1 XKD CoY
(H)E55% D, EBAL3 & N SCEs #HEIZE V2%, HE DB S & VK, 202213, SCEs
HPHE EROBRBCELEMICETEIIDTIILWI L 2RLTWb, LLEDOFRD 5, SCEs
Btk E CHER & 2BR A <, IEEMNICERICECET LI LML LT -7,

B fatkic 813 5 SCEs 2, HER THE Y E & v ) #E & (Natarajan and Klasterska,
1975), H: EFnERICEHEICET 5 25 4N H 5 (Carrano and Wolff, 1975), L»»
L, HER L ) EZBic BT SCEs HED E W & \» 5 #iiEb %\ (Galloway and Evans, 1975;
Hsu and Pathak, 1976), ¥ A XDREMATYH, CHEFCEMEHDNA 284580 T
13 SCEs (347 vx £ 9 (Schvartzman and Cortés, 1977), ARFFEDFERIE NS DHREE
FELTWD, '

SCEs DI —iIIC 13 Rk E S I 527, bl & 5 IS REHERND 5 iz Qs
KETIELDE N ALNDL, ZNE TORBRLPIFEL TS, REREERRZ M
DEEEAL T SCEs DAEZ N R4 813, BEDDZWIZINHDEALICE T N5 DNA DAL

RLEEFEFINO LA ERBEL TW200 b Lk, HEEBDKATM TN SCEs D ERE
CEEE I, RERRE L CRERNOTE % SCEs 5 DER BRI S ROMETH 5.
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Fig.5. Distribution pattern of SCEs over the 8 segments of M
chromosome in Vicia faba after incorporation of BrdU (30.0ug/m/)
alone for two rounds of replication. N : nucleolar organizing
region. H;~H;: heterochromatic regiones. C: centromere.

IV. }eaEHE3Ti (sister subchromatid exchange, SsCE)

K tatk o SCEs iFFRIC BV T, REFERDIBL VNS VBNOTB|IET L2 L5V T
< # (Kihlman and Kronborg, 1975) ®° %<+ % (Schvartzman and Cortés, 1977) TH&E
ENTWDE, FIFERICBWTY, EWHEEZLH S SsCE BRI /z (Fig. 4), T E b
TINEWBAIOR T D THEMEE T TlE AIKD SCEs & L TA 5115, SsCE i3 tikic
BWINABEINTWELDT, INF TREBDOMEIIT bbb b TESR
BIRTII T 572 AEDLNTWEW, LA - T, HEWREREFEFENHRTH L EEZ LN
5, L2 L, Bipetadiic SsCE 754 b e W3 iy ) & DNA S8 2% Wwh L5 ThH Y
(Schvartzman and Cortés, 1977), MR SsCE IZREMEDE L 24 VN TE LD T
L CH 72 SCEs Th % & # 2 51T\ % (Kihlman, 1975; Schvartzman et al, 1978).

BEMAMORERZBHRL T2 REROBIZONTIE, (DERHEQERHK L2 H S
(Wolff, 1969 ;Prescott, 1970), % { DN EEIZHERF L THEL T3, Li L, HEga
KT, BABEZBEEL T 25T %A 51 5. Trosko and Wolff (1965), Wolfe and
Martin (1968) (Zh /=) Y EEL Y 7= 0@tk ME L, ) 7L 0BT 22
&0, EEakh 2 KOGt R0 SERE N TS Z X%/~ 72, Martin (1968) 13V 7= X
LYo AX CRBOMBELET %, 2512, Bajer 1965) 137 7 ) A=) Haemanthus
DEE LRI CRERETEROFEELEBD T b, Lzd - T, HWgEARIzE L 2 SsCE
i3, EAREIEZRT 1 DOFEREBRT 52 & LAGETH b, — 8, Stth © SsCE 74 5
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NZewDit, MR EIBEREETHL I E2TREL TWED2 L LGV, TEDSHED
Woess, M, & ICHILBMOREBKRIZEAEETH LI L 2HEL T 5 (Bak o 4,
1977 ; Adolph, 1980), L 4L, MW EEEKIBERBE THL LELZoNIHELHSH L
(Taylor, 1958, 1959), Btk hEAMEE TH B & v )RR DL HE LT 5 (Stubblefield,
1973), L7255 T, SsSCE »#HABE 2 RTLNTH 558 I LIS OWTORRIZSHROME
R b 2,

Figs. 6 and 7. Metaphase (6) and anaphase (7) cells of Vicia faba stained by the similar
method to one in Figs. 1-4. Approximately half chromosomes in Fig. 6 represent
isostaining patterns. Cell in Fig. 7 demonstrates that segregation of chromatids is random.

V. B{4E#EE (isolabeling or isostaining) #fafd

H3—F 3 o> CHEBEME L 722 Blo)—F& Bellevaria DR %2+— 5204 77 78
TN T 72 Taylor (1958) 1, AEE#% 2 Bl H HGZREA(M,) T, Wi DYtk 6 i 12 A2 3%
ENBHZERIIULHTHEL ., DHiZ Peacock (1963) 12 & » TZ NH G isolabeling & X
ITh, RER0EES LU SCEs DEREBEIC R F IOMEL 21 F21F TE 72, isolabeling
13 BrdU #Za#kikiz & 5 82 T3 isostaining & & L (X4 5 (Schubert et al, 1979) ., AFFEICH
W, VT2 TEHED isostaining »°4 & 72 (Fig. 6), isostaining I3z 1 BIHE 3
LI 2REBNDDNABEEH P THOBrdUDE D AAEPEEERD—BTL L wizdHr

(Brggger, 1975), » 53 1 BB DEF A 5 BrdU 28D 1AA 72728 (Schubert et
al, 1979) LRI N T\ 5, RIFR TII, 43RFHEL ) A 87225, ¥V 7= A DOMIERIZ16~17
M8 (Kihlman et al, 1978) & V) BIERBRLHEINTHD T, B% 5 < BrdU # 3 4z
JEEREL ) JA A 72 HBREIC isostaining A& L L7z EEZ LN b, ZDOEIRIT isostaining ) KER5
DRPETITH B 5 L XFEEIND, Kato(1974) I3 T VX UULBIDZF LA F LT + &
AFTHREBL72F v =—ZNLAZ—DRERICBNT, Hi~F— 72 F 77 7% TR
isolabeling #'#H0% % 4%, BrdU fZi#FETI3A LD LML WT L5, isolabeling (34— 7
AT THEOBN R 255D SCEs DERKIC L 5L D EFRL Tnwb, 2Nz Lid H?
—BrdU 12 L D EBEE N EEERDA— T 7T 2 X LT REHFEDIEIC L Y EFES
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17z (Wolff and Perry, 1974), Peacock (1963) i & #1iZ, isolabeling I3 4tk nid skt
PINET 5 LBRTED &0, BPRERTIIEARITEIN TV 575 SsSCE nHE & L
HbE THEYRERTIISBLERTXEMECTCHL B LIS,

SR FPG i3, PHIREERN AL S ¥, Bl & OB ak b BIF2 a3 7 (Fig. 7).
BEIRGBRDTRIE, MBS BT 5 RERD GBS ORI IEE I e HiEr e
72 (Mg - B, 1982), S NEBIMEINLIFH TH D,

CBR RHRICEL, RARREOLSOBEEASITREEE L HHSE TS -2 T
RFFEFER, A BRCE#HOTLELET.
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i, MEMIC BT AR ESMRO S RED R R & ilikG sk # (SCEs) 122
WTO TR RICOWTHREL 2 LN TH 2, VITABLIUVIAXORES -7 0 ET
%> vy (BrdU, 30.0ug/m/l) B H 5\id BrdU, 5—7vuit X)) o>
(FAU, 0.025ug/ml) L7 2> (Urd, 1.221pg/ml) NREAWH T 2 MBEAMEEL 2.
EFELLE#0.1% 30V EF o BIZIBRELZOL, BEBBTLI— LV TEELZ, ZDR%Z
pH4 .50 = X N4 U RERICERL 724 %L VT —8 (F 2 X7 R—10) & 4 %7 FF—
(s /=) DRESERET, 37°C, 1EHMBHL 72, FEEL M2 BB KTHRY, 1AX2X7
£ K752 iz & ) ARED A 2 RS TRV 2, Z ORI O _EICH L WEEBRT L2 — Vil Z
9~3iBEL, TLI—NFLTORTHRLTERLLZ(TV—LFT4HE), TORTAFT
5 2 %0.5XSSC |- 5 | 728 et FE~X % 133258 (5ug/ml) T255HgEL 72, 0.5XSSC
T Th b, FLEEDYE, 1 3—TF2ANEBME~>=X2T THLZDL, BREKBRIT
DIENET 1B, 2 TI5W OFKEAT T 1 8:10cm DE#ES» 52 74 F 7722 B L1 4



TR EADMBERESARZIR 1. BERMERENRR

WN=T T R%EDL 72D, 2T 4 F 77 Zi355°C 00.5XSSC ¢ 1 Bz L 72, 2 D1%, 1/
IBM DX —V > ¥ ) A BEER (pH6.8) THIRL 72 3 %X 2T 6 ol L, FHEK
TYYE, BRERSE L% F THALAAREARE L7,

LDt R FPG #ic & ), BrdU B 5 L 22 RIS 3 TR 2 sk Qe a4 &
SCEs "B T& 72, ZD#ER, SCEs HERIPERNESICHHAIL TET L2 L, B FAU
225 & SCEsSHENIH 2 I 22 L & K o772, & 512, SCEs |3 By EAAZRAIR
TR o2 REREEIBML ) EERGERI TEEEICET L Lo bh -2, Bk
2, RERRIEIC DA B E NS LY R (SSCE) D RS 2 BFhkic D T 72,



