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Development of the iz vitro Chromosomal Aberration Test System
for screening environmental carcinogens
—Quantitative evaluation of the results—

Motoi Ishidate, Jr.
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2-3 Kuboyama-cho, Hachioji, Tokyo 192-8512

Summary

The Chromosomal Aberration Test using cultured mammalian cells, was proposed as an
alternative screening tool to bacterial mutation assays (Ames test), for the detection of environ-
mental mutagens and/or carcinogens. The Micronucleus Test in mice was also proposed as an
additional in wvivo test for evaluating the genotoxic potential of those chemicals which were
positive in the in vitro systems.

Mutagenic potency in the Ames test was estimated from the number of revertant colonies
induced per unit dose (mg/plate) and in the Chromosomal Aberration Test was calculated from
the minimum dose (mg/m/{) inducing at least 20% aberrant cells (D value). It was found from
these assays that there were some 10° fold differences in their mutagenic/clastogenic potencies and
that only potent chemicals may give positive responses in the in vivo Micronucleus Test. It was
also found that, in the Chromosome Aberration Test, the incidence of exchange-type rather than
break-type aberrations is more important in predicting the carcinogenic risk of exposure to
clastogens.

In this review, the significance of a battery system comprising at least three different
mutagenicity tests is discussed together with the importance of quantitative rather than qualita-
tive evaluation in the genotoxicity of chemicals. In addition, recent analytical studies on the
mechanisms of induced chromosomal aberrations in cultured cells, using the Fluorescence In Sttu
Hybridization (FISH) technique and Laser Scan Cytometry (LSC) are presented.

(This paper, chaired by Toshio Sofuni, is the lecture of The JEMS Award (1997) presented at the 26th
annual meeting of the Environmental Mutagen Society of Japan, held at the Hadano Culture Hall in
Hadano, Japan, December 3-5, 1997.)

Keywords : chromosomal aberration, a battery system for mutagenicity testing, D2 value,
TR value, FISH, LSC
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Table 1 Screening tests on paired compounds, carcinogenic and non-carcinogenic or

chemically related substances.

Pairs of compounds [CAS No.]

Ames test

Chromosome test

tn vitro

4-Nitroquinoline-1-oxide [56-57-5] + +
4-Aminoquinoline-1-oxide {2508-86-3] + +
N-Methyl-N’-nitro-N-nitrosoguanidine [70-25- + +

7]

N-Methyl-N’-nitrosoguanidine [4245-76-5] - +
N-Methyl-N-nitrosourethane [615-53-2] + +
N-Methylurethane [105-40-8] - -
N-Methyl-N-nitrosourea {(MNU) [684-93-5. + +
N-Methylurea [598-50-5] - -
Dimethylnitrosamine (DMN) {62-75-9] +(S9) +(S9)
Dimethylamine {124-40-3] - -
Butylbutanolnitrosamine (BBN) [3817-11-6) + (S9) +(S9)
Butylbutanolamine [4543-95-7 - -
Benzo(a) pyrene (B(a)P) [50-32-8] +(S9) +(89)
Pyrene [129-00-0] - -
Furylfuramide (AF-2) (3688-53-7] + +
Nirofurantoin (Furadantin) [67-20-9] + +
Maleic anhydride (2,5-Furandione) [108-31-6] - +
Succinic anhydride [108-30-5] - -
7,12-Dimethylbenz (a) anthracene [57-97-6] +(S9) +(S9)
Anthracene [120-12-7] +(S9) + (S9)
Phenacetin [62-44-2] +(S9) +(S9)
Acetaminophen (Paracetamol} [103-90-2] - +
Thiourea (Thiocarbamide) [62-56-6] - -
Urea (Carbamide) [57-13-6] - +
4-Dimethylamino-3’-methylazobenzene +(S9) +(S9)
4-Dimethylamino-2-methylazobenzene +(S9) +(S9)
Styrene oxide (Epoxvethylbenzene) [96-09-3] + +
Styrene (Vinylbenzene) [100-42-5] +(S9) +(S9)
Tris-dibromopropylphosphate [126-72-7] +(S9) +
Tris-dichloropropylphosphate [78-43-3] +(S9) + (S9)

Progesterone [57-83-0]
17-Ethinylestradiol [57-63-6]
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CARCINOGEN

Annatto (water-soluble)
Thiram

Sodium erythorbate
Imipramine HCI
1,1-Dichloroethylene

Phenanthrene
4 0-tolylazo-o-toluidine

Polysobate 60
Progesterone
Thiourea
Thioacetamide

Urethane

Barbital

Ethionamide

(Caffeine?)
Diethylstilbestrol

Maleic anhydride
3-hydroxyanthranilic acid

Fig. 1 Correlation among clastogens (positive in CHL cells), mutagens (positive in the Ames test)
and carcinogens. The chemicals outside of the carcinogen-circle, have not been tested for
their carcinogenic potential (Ishidate, M., Jr., et al., 1981).

MEBABPELE L, B2/ —713, $lorr—7
T & 2 - 7 {bAmIic > WT, ERICEMZ v T%
PAURBRLPERT LI V7 ChHEBRHNH T,
FICEBRRAYHDIEY Lo, KRBT, 20%L4
10 FLI LS L7225, 2o X5 it Mmoo
U EEICED A ZEIIMIZE <, #EAETL
FHS3NHEZAHE% -7 (Kawachi et al., 1980).
1980 EHD & R 2 — + L7z kBEo#HFERE (NTP) b
ZTORBEeRITAEREDEZ oML, BELEDOTHRH
EFATLT, BEERMITTLER 2 ) —= v 7 EDM
R7N—7 (WHEBERI) 2RELTn3H, IO
22, bFEICBTAPADHRELJEEFELOAS
TR L2 W TLBETIEH 2
("

3. BRNRASANYELERRELOHR
LREOFIRH TR, 3, MMEIrAEDE L 205
ICHEEP TV 505, BRAEAMD L W & D LR 7
SNz, 2O#E, BEORICE» 4 ) RGBS S
17z (Table 1). BEMIRAA G 54 B & Ames 3B
T E L > 7ALAW 8 M, S 6 Ikt BE AR
(CHL/IU #l) TEEE % -72{LA 136 EH & 2 &
HERNCHER L TALKER% Fig. 1 WRT. BOANME
NEIBEL2HRBROKELBOPICEL TS, T%
bbb, RPAMEWMEOKE L, Ebobr—HNRERT
fEtEe ey, Larb, METRECET: 284602

WZEDbhrotz, 7200, BERVCAMYEIL, Ei
D 2OV HIZTHTL B, ZORIIL VD, 20
H 12 {3 Tween 60, progesterone, thiourea # % \» {3
thioacetamide % ¥ #*& £ 41 C\» %, Phenanthrene %
4-o-tolylazo-o-toluidine 7 &£ {3, Ames KER THH ~
Th, RAERBRTIEIL2NDIZ{ v, #IZ, urethan,
barbital, ethionamide # % \» {1 ethylstilbestrol
(DES) e X 1d, BB TE» N2 <, BETIIBEEE
% % (Ishidate et al., 1977).

T, RBERE T EENICITHET 2 L EH 2w L 577,
LEEDOWRHTH L7 Ames REDEHME (mg %72
Doz =—8K) &, ROKOREFREN®S
(Dao ) & 2B L7238 % Fig. 210RT. Zhizk 3
L, DR ZEBETL, BE0MEE» % ) BT
TOHRMES BB I L7 b2 b,

4. FEARESHRICETIERGH

1983 S0 65 1988 I T T HITAEME DERR 7
) —=r7EOFMEICET 2B BIEETH
WHO O EIZ & 5 IPCS (A LEWE L 2tEtE) S
XiBmL 7z, #EH Dr. J. Ashby, XE® Dr. F. J.
de Serres X Dr. M. Shelby 6251 & % > TiT b L
72. 22 TI3, Ames B TIIBRH S v, B 5w (g,
R Uiz Qo fuaty 8 H% (Table 2) 1220w T, Bx o
Rz L ORREHRRIrERE SN, FEIE, CHL/
IUZAV L akRERBR T SB LA #EREEBITER
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Fig. 2 Quantitative comparison of the clastogenic and muta-genic potential of chemi-
cals tested in the chromosomal aberration test in CHL/IU cells and in the Ames

test, respectively.

Table 2 Eight carcinogens which were tested in the
CSSTT/IPCS/WHO collaborative study.

AT*  CA°

MN-

4

Carcinogens tested

D

-4
T

Hexamethylphosphoramide
(HMPA)

o-Toluidine

Benzene

Safrole

Acrylonitrile
Diethylhexylphathalate (DEHP)
7) Diethylstilbestrol (DES)

8) Phenobarbital

AT?® . Ames test, CA® . Chromosome test #n wvitro, MN* :
Micronucleus test in.
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4)
5)
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(7)) =27 7) i2FeHHENTWS (Ashby et al,
1985). &f&zam LT, (IFLBEEMILZ MV 2 kGEER
HAERA Ames RER WL LIFORBREL LT, &L A
(R15% RS UPAR

LD HEFE, S HICHKMIZE T AN
FCHEE L7, KETIE, 1980 4ELIK, NTP(FMERHHE)

HELHBL TWAH, 22T, FEw<2»n%(IT

N7ALEHEIZOWT, BRESHRERS S UEHEIZ X
DHFAMRBRPERIN TS, ZEELIL, Hiz, 1
Tl O 2 iEREERBROLRICER L, [
LIL&TL, NTP L b ETHOBRLOMIZ» %Y
DREINDHLI LRIV, F2T, KEL»SRL
oy FOILEY 25 BHERD FHE, HADOA AL P51~
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4%
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Japanese Protocol

(Sofuni et al., 1986)

Fig. 3 Comparison of the results in the chromosomal
aberration tests carried out with CHO cells (in
the NTP protocol) and CHL cells (in the
Japanese protocol).
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a—-NbES. R To - LR ARKZ TERS
BOERLZZEZAS, bPEHOT T L a— L THERND
ZZhmkbl, Z20REIL, #lanEwrwi kg, R
BEHNOENIIDBLDTH B I Lib» -7 (Fig. 3)
(Sofuni et al., 1986). H%F, OECD $% Wi ICH % &
2d-T, BERBRESA F 7/ v RBE LA b,
7Ta b a—itEY 2EEMToOFHNSWIIND LI
Totenb, LD L) wRREHED—DODEHTH D
EVnoSsTh IwhEmitin,
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Table 3 Chromosomal aberration test in vifro combined with S9mix.

Cell suspension method®
Dose(mg/m/)% Aberrants Dose(mg/m{)% Aberrants

Carcinogenic compounds

Monolayer method™

Benzo (a)pyrene (B(a)P)

3-Methylcholanthrene (3 MC)

Dimethylnitrosamine (DMN)

7.12-Dimethylbenz(a) anthracene (DMBA)

3’ -Methyl-4-dimethylaminoazobenzene
(3Me-DAB)

Phenacetin

0.5 22.0 0.04 47.6
2.0 3.0 0.08 12.3
4.0 77.3 1.0 73.3
0.5 25.0 0.1 60.6
8.0 10.0 0.05 25.6
3.2 51.0 0.8 23.3

a)} Cultures were treated for 3 hours with rat S9 mix in a cell suspension, shaking gently.
b} Cultures were treated for 6 hours with rat S9 mix directly on the monolayer.

5. REASABRRBREDISEK

1) SEiREDRE

In vitro DRERIS, HHREELN, W HLTHLIEE®
EFrzestxs, LrL, EELIE, HEEBERDPOR
EENEEHEE L, HEBWEIKEHOGAT, K&
10mM £ TEL, DEDHAETL, MlsdtErRmii v
BWAIZIE, Smeg/ml ZIRE X T A& L #RBLA,
PoHELIE T L 100 mM bIEH S5 L @R E (FiC
UM OB RY) 2FEET L, Mlaict-TIngk
I EEMM L R TRBREITY 2 L HIKCHEYSS A
3 (Fig. 4). oz i3, EHEMZLZITARLLRD X
J427% > 72 (Scott et al., 1990).

2) EEELEoBIR

FEE I3 2 LoEWEM LN ZHF LTV 3
LD L & bH, CHL/IU & 5\~ 3 CHO #il2 Ti3, Ames
REBROBALER, 79 FSIDEMPLETH B
(Natarajan et al., 1976 ; Matsuoka et al., 1979), ##
513, Natarajan FE2 KB L, Mz BEEHENF
E, FI5%DSImix * 6 FEE{EH S 2 HEL B L
72, ZoKFEICLEE, EEELZET 2BMMESA
HMENZ L, IVEBRET, IV@EWIIRERTZ
b7z (Table 3) (faf &, 1982).

3) REEEHEOHE

TAEAREL, BEMER CHEWMBRICANEND,
AL FME L 2 { DA, DNA BSBROBTORINI{ER L
T, B ORELFRT L. £F20 MMS 7§
2T, REERFORMELLIT I SAREREL, B
O FOREMEIZOCTHBEL ML 2 (MMS
SREEE, 1985), FHIC, Fv v TOERITOWTIR, &
FTLO, EEREOLZEEICD > Tuivwiod, MEDEHKR
PR OEL I, FHRFTERE L2800 LBbh
5,

REBEREOBEOHEIZOWTIE, 10 %iE (AR
(RfES, 1987) 242ma L7, ¥m7—5 23, 10 %L
LoREMarYEHLUIGBEA2BEEL, 5%LTRE
T, 2o ZEEETEE U7s, BEMEED 100~200 T
HY, BEFFICL > THBEIFEAINLLTRESEDH

2728, Bt ABRE LI THERZTFT LY L,
REREFRATEEL IC L 24 EICL D HEHMIEL
WAL HAH Y. F, EMHRRICE, ok, EEEE
PEET S, IHEEBICEY H2VEIBELROD
F2ZLICLMHEE DL L IR 5.

6. ERFEESRGSROTERMTM

KETHE, BEREEMHOT— 2 2 ZHEMNICOAFHE LT
BOICIRO B 2 LB H 2L 5 TH D, ZOHEM
2, REBFEDBEWRLHLZ LT, ) 77— 5T
LoD THbE WS, LrLahs, bAETIE,
Ames RERZL Y, #2n3# &dE L TRERBOBE
EEPTbLATBY, RIUFET, RLiEoETT—
PR LEAREICH DL, Lich->TERIC, 5EE
DRAELTE, REBEREICHOWTOERM L THMELIT-
Twb,

EHLL, FEEEYRBRoOBEREL EENICIHMET 5
7280, Dy EB XU TRIEE WIS EREB L. T74b
B, BiEL, PSR GD 20 RIFMEPrOREZHRT
LT HIEE (mg/ml) THY, #HE, FHFICKHRY
DEFEDHMN L MIREE L RT. EPFAEDH 5 4-
NQO @ Dy i3 0.0003 T& ), TRAIZ 30,000 TH
575, GO Isoniatid Tid, Dao fA$2.1 T, TR
EZHTHLDA3THE, INbEEDICHBETHLE
—fE L CRMBET NE Tl vt icBbng (RfEs,
1987).

INFETICRRZITY, BMEE L - 2{bAH 150 B
BiZ2WT, Dy ED3 % Fig. 5iomy., 77 7Ld
B3, D fliCd LMD P TREAEME P E DN
EINTHELERLTEY, DD, $4bb,
HHEDENITNAN—TIZET 5 L 00HICiE, HES&AED
BN EZLEINTVWAEIEEZREL T
5, —H, B i, TREDHFH%E2HbL, TOMHENF
BTN —TIRFAWEI LD ZLEENT 58
mizH 5 (Fig. 6).
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Fig. 4 False positive results in the chromosomal aberration tests in the culture medium with a high osmolarity.

CA Test

D20 value

Frequencies
% Carcinogens

Fig. 5 Distribution of D2 values of the clastogens
positive in the CHL test. The line indicates
the percent incidence of carcinogens in each
range of the D» values.

7. REARBOEMBIE

LEWORBHIZL > T, EEEOYME 2 FERTS
b, ZRAIZ Z{FRETILD, BIU, Zhool
BEEZFRLVD, BEELENDBNER 25
HTBLDHb, LbbA, TNLDOLDOHNFREEICH
HMLTKBA0H5, 2E21L, BEMBEREEL L
THIHSN T 5 Me-AaC P 0.06 mg/ml % CHL/IU
HANZIZ 48 REELERAICLE T 5 &, 50 %L FofE ik
BT L, LA2L, 7 b SImix ZHAIL, SRR
BMY5E, 0125 LT, MEREH,IHPEL TL
5. KBEMOERERF 72 B 52 L 27T By
Th b,

90

Frequencies
% Carcinogens

Log (TR)

Fig. 6 Distribution of TR values of the clastogens
positive in the CHL test. The line indicates
the percent incidence of carcinogens in each
range of the TR values.

ROEOBERFOERBEOFMICOWTE, &b
AR E A B B h, FEH LT, BRODFEHICUINS 2
CRTRBREET IR D DN, B 20 EBNHHT,
WMBIHHES Y, 510, BELE-LEREI RS
N, EEEHREL, BEMEE LT, HLVWlak
MEzERELT 3w REEZIL T3 (Fig. 7). |
1, ZOMBIZ>WT, FISH (Fluorecence In Situ
Hybridization) ZHv 2 {efathk~ 4 > MRIZ X 28
eHXATHD (S, 1996).

HilgICEN G2 BT 5 &, BAWNLLHRBEE»Z
RY 5. ALFWER X BOBAL 3T VI EY 5
T b Y, REKOBEDH 5 W IIHHEEMLORITICHR W
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stable !?
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Fig. 7 A possible scheme to induce stable or unstable type of structural aberrations induced

by clastogens in cultured cells.

MEtE bbb,

MR ITOWTIE, BEEIHE2 OBEEHRICEERL
TWEABENIL, AR LVERLRELEDLNLL. LML,
ROVAMEDEEHIZOWCTIIVWELCAHTH B
B, BMITORBREA A ¥ 54~ TIIZOFHEZ BT T
BERLBD. BE L, 1k, BEREZHBET LMD
REESIERENE LB b, 72770, BEELWE, A
AR & A A KM R E A diethylstilbes-
trol (DES) #%0.01 mg/mi PKIEET, 85 %Diakzic
B2 BRI OBE DB EERVWIE L
(Sawada et al., 1978).

B. VORNEHBRDEA

R, EREMHRBRD I B, EENICBIT 28 LT
¥ 37200243, 12, v bOEME AV AL AEEKRE
EHREOHEHENTEZ, Schmid 513, 26D
2, BRI ER PF KK (PCE) 0% %
Kb BEHER L RME L/ (Schmid et al., 1975). F
r2—H, ZAARATIE, BELEFCHLTHEWEZEZ
T MS/Ae *7 R (CD-1FRHXR) »BEEIN T,
EHELIE REIOCTZEAFL, brEIIBETS
SPFALZiiH 2 & L bz, MEREBOBFRHTEIC OV THE
SRR ERL GRS, 1984). ARREL, BiCL72 in
vitro DRERFAR T, ML L -84, £ERNTL RN
THESHLPBPEBR®RT S 2T, EbDOTEELR
BTHDL. ML, MFBROSEMEF I L ikl
DY H BT BEIC X > T PCE PicER S 1L 5.
HRPEHEOBAICE, HEBWESEEICIELTW S
SERFEANTILENSH D, EMETIE, AFREOHD

s AV A RERE (12 & 2143, ANEH DNA AR B %
E) ZEMT AL EWRLTWE, HbHIE, TEZ
B2/ ERBL Y LESD> DMLy,

AELen ke MMS IR S T, BfdH 5V I3ARM
% Av 2/ ERBIENT T b 2 =M HOWTHE I
HEFFRZENLTCE 2, TS DEFIIEFMCD
ElEmE N, BITORKRETA FF 4 L2 bIA R
EN T3 (Sutou et al., 1997).

A 19O MIC O W T NMERBR Z 1T - 2 #5R1
&, in vitro DRAERERBROER L 2 HRT 5 &,
WMETHEREL2LDHH31 %, WBETE btk
5L DHH 20 %, feOARBEABRLZIHIBEELLL LD
DI U TH o, REERFRBRTEETHY, ML
RERTHHE LD L) B WTIEAERRITIHNY
WIS, MEDERSREERDOEEITERT L72HDTH
59, INHDOFEREZEBRMICHKT 5 L, REKEE
FRUEPTRAEA, ThbDE, D lEPEWIIY, KET
Fath & % 2fHEICH 5 (Table 4). EENICE T S
BHEMIIVEINHEBRBEO ZEE T ZER I NG, in
vitro RTHBHETH > T, invivo HFTHEL L5 (T
BR & 7w,

8. BERFEO/NvTU—ICKDBROFM

WERMEICEREMN D B 0EE, T, FBE
LT, BIEFMICIEESRICT S 2L LD in vitro
ZOBBREIT). 22T, WIhL»ORBRTHM L% -
72 L ML, “in vitro mutagens” EMEIN D, “in vitro
mutagens” (343 L “in vivo mutagens” & (3RS
ez, Vi &L 1 EOEERNORBREZEMT 5.,
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Tabled4 Specific clastogenic activity i vitro (D2 value) and the micronucleus test in mice.

Compounds tested

Clastogenic activity

Micronucleus test in mice

) D»o value The minimum effective dose
[CAS No.] (mg/m/{) (mg/kg, single , i. p.}
Mitomycin C (MMC) (50-07-7] 0.00001 3 (+)
4-Nitroquinoline-1-oxide (4-NQO) [56-57-5] 0.0003 80 (+)
5-Fluorouracil (5-FU) (51-21-8) 0.0004 100 (+)
N-Methyl-N’-nitro- N-nitrosoguanidine 0.003 50 (+)
(MNNG) [70-25-7]
Acetaldehyde [75-07-0] 0.03 190 (+)
N-Ethyl-N-nitrosourea [759-73-9] 0.06 50 (+)
Potassium bromate [7758-01-2] 0.07 100 (+)
Sodium nitrite [7632-00-0] 0.3 200 (=)
Fast Green FCF {2353-45-9] 2.0 2000 (=)
Potassium bromide (7758-02-3] 3.7 500 (=)
Propylene glycol [57-55-6] 20.0 15000 (=)
Gene Mutation Chromesomat DNA-Damage
Aberration |

in vitro

Micronucleus

(Primary Assesment)

Liver Assay

Test in mice

(UDS etc.)

in sive

(Secoudary /lxssessment )

SafetyAssessment - Regulatory Dicision

(Carcinogenic, Teratogenic or Genetic Hazard)

Fig. 8 A battery scheme for the evaluation of genotoxic potency of

chemicals.

INHDRBIIELBA Dy F ) —THh 2D, HEED
BEHMTHY, LVEELHERISEGLNE, LY, 2
NoDTRTORBRTRBRHEICKRb- Lo, TREW
B, 2, RPAMOENLEDLDTENELZ &
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1 2AAF 25 3'-Me-DAB
2 Acrylamide 26 MNNG
3 AfiatoxinB1 27 3-MC
4 Benzene 28 methylene chioride
4 § benzidine 29 MMC
6 B(a)P 30 Sodium nitrite
7 Potassium bromate 31 MNU
e 2l 8 Captatol 32 ENUR
S 9 Cyclophosphamide 33 Phenacelin
(=] 112,2-Dichlorovinyl 34 PhiP
= 0 dimethyl phosphate 35 propane sultonate
8’ 1 12 DES 36 beta-Propiolactone
14 DMN 38 Quercetin
-2 15 Epichlorohydrin 41 Styrene oxide
16 ENU 42 Thio-TEPA
17 Ethylene oxide 43 p-Toluldine HCI
-4 18 Formaldehyde 44 Trp-P-1 acetate
a4 _b 6 & [ 19 Glu-P-1 45 Trp-P-2 acetate
Loq TD50 20 Glu-P-2 46 Urethane
°g 21 Hydrazine 47 Vinyl chioride
N.B. Predicted TDS0 values were calculated by the multiple 21 48 Acetaldehyde
regression analyses as follows: 23 Isoniazid 49 AF-2
24 MelQx

Y =b0 + b1X1 + b2X2 + ... +bnXn,

where Y is a log-transformed TD50 value and Xi are
quantitative measures of each genotoxic endpoint.

50 MMS

At present, only MEC and D20 were significant in the equation

(A). When MEC value was unavalilable, TD50 was
estimated from D20 value (A).

Fig. 9 A trial to predict carcinogenic potentials from the genotoxic data quantitatively evaluated in the
battery system. TDso values were cited from the US/NTP data of animal bioassays. TDs, P means

the predictive TD:o value calculated.
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Laser-Scan Karyotype of

normal CHO-WBLT cells
255
2043
153

1824

Fuil Scale Count

51

50 100 150
P1 Fluarescence Value

* <t de| P7

~e— abnormal P2 (2 1g-)

574

-s~= gbnormal P1

50 100 150
P Fluarescence Valye

Fig. 10 Laser-Scan Karyotypes. Left : Normal pattern of karyotype of CHO cells.
Right : Abnormal pattern ditected in a CHO variant subclone isolated
after treatment with benzo(a)pyrene. P ! The Peak of DNA absorption ;
Del P7 © A deletion of the Peak No. 7. It was comfirmed by the Q-banding
technique that the long arm of No.2 {2q) was translocated to one of
marker chromosomes, No. 15. A conversion between Peak No. 1 and No. 2
(the largest 2 chromosome) was also noted in this Laser-Scan Karyotype.
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