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Summary

The comet assay detects DNA damage in individual cells. However, the methods of the comet
assay are different according to the authors. We summarized the classification and evaluation
methods of comets which had been reported by various authors, and compared the performance
of computerized image analysis (CIA) with that of manual microscopic analysis (MMA).

We treated human lymphoblastoid cell line TK6 cells with N-methyl-N’-nitro-N-nitrosoguanidine,
hydrogen peroxide and methyl methanesulfonate. We classified the comets into 5 types according
to their appearance. They were undamaged cells without tail (Type 1), cells with a tiny tail (Type
2), cells with a dim tail (Type 3), cells with a clear tail (Type 4) and only tail (Type 5). We
analyzed the comets by use of a computerized image analyzer. The various CIA measurements
provided the parameters of total length, tail length, percent of DNA in tail and tail moment.
Our MMA was superior to the method distinguishing comets only by the presence of a tail, and
it expressed dose-response more clearly. With the CIA, the percent of DNA in tail and tail moment
were more sensitive indicators than total and tail length. The comet types in our MMA agreed
with the values of percent of DNA in tail and tail moment obtained from the CIA. The comets
could be classified more in detail by percent of DNA in tail and tail moment, however the CIA was
more time-consuming than the MMA.

It is concluded that our MMA is sufficiently useful for detecting DNA damaging effects of test
chemicals in the comet assay.

(This paper, in a session chaired by Yuu Sasaki and Takaji Ikushima, was presented to the symposium
“A view of Comet assay as a mutagenicity test system”, organized by Yuu Sasaki and Takaji Ikushima,
at the 27" annual meeting of the Environmental Mutagen Society of Japan, and held at the Mielparque
Osaka in Osaka, Japan, November, 24-26, 1998.)

Keywords : comet assay, DNA damage, image analysis, manual microscopic analysis, tail
moment
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Fig.1 A shape of comet and
names of each part

Table1 Tail frequencies per 200 cells
Morphine dose («M) Damaged cells(%)

0 1.5

0.005 4.5

0.01 7.0

0.05 8.0

0.1 12.0
& =

B, AR DNABEEZHXLFEO—2 L L
Taxy NEFBLZEDTWS, a4y ML, Hx
DHMIZ L ~ AT BT 5 DNA SBEI MR T E 2 EEE L
REEE LTHRIN, i vivo, in vitro ZfHF, »
HWA LSRRI N TE 7,

ZOBBRIEIIT, FEIZIEFIE LN - a oW
WEINTBY, ZrREZNELE—DDERL
ToTwd, L, R74 FOfER - enih, Bk
BIEEDEBREMTIZTOWTIE, WRE L Mg ZFREE
DRMPEFNFNRL->TEBY, AbRbAEEE2AD
FTHREND 5.

22T, VKEMEOSEE & Bl IO n TR A,
EDED B FEEMBREPIZONTIL, HEELEIES
DOWREORARLEROBNZHER L2 2 THIT 5
CETHY, AENZORIRO—BELNITFENTH
5.

Xy NDOBITE

aRXy MEOZIRE, BEBICL VYRR LD
DNA Wi 25 BESGRENC & O BBRIc5 -k, £
B H 2 bEED L) RHEBICELT A L ICHEKT
5,20k &, BEE LV, 2F ) DNA MRS L,
ZWIEEBRORNR 5, B, O3 head &
M, BOMAIT tail &#¥iENL 5 (Fig. 1).

aRXy MERBITZI Ay PORITIEE LT, HBHH
HMAFEE, a4y, 2EVRDD IHOMIEEKEEK
HLGETH S, 77— % 5% Tablel (Shafer et al.,
1994) IR L7z, 2 OB TIZCEERIC B W THERARIC
aAy POMBEBEESENLTEY, 2oL BN
EA/INS , RHEFECBWT O IEEEIRE W
A&, COHFEIFICEHTHE, o FEORFrE LT
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Fig.2 The box plots of total and tail
length obtained by image analysis
of TK6 cells treated with MNNG

I3, TEPHETHZ L, BEMREKERSICHEE
52k, MATE LT, BHOBEOREIZEEINT
WEWZ ERBIT LN,

K, ECHOWOLNTWABITEL LT, 2 £y D
EROUEFHL., axy bOEIL, SEHEMETT
BiRvA 70— —2HWbHE 24y POEE?R

L, ZOBESAS EOBEWE L TS KL,
BErc L 2MEFELZCICIVAEI NS, #F, 2
Ay PEKROREIPREIND I LD Z WD, BRI
2L 288, BEBRWIEDHDDANDEIR, B4
HEOEIDHELELPET LI L2 TES, L IFBY
v oNEEERHE &2 0 TK 6 #ilg # N-methyl-N’-nitro-N-
nitrosoguanidine (MNNG, 70-25-7) TRLEE L, W5 T
2E-Taty FOERERDEGDADR S 2RDTz
o5 — & 5 % b 7 X T Fig. 2 12/5% L 72 (Kobayashi
et al., 1995), C OFITIIHRKRFN 2 K S OEDBE A
Ao nifhs, MBEE g LZEAOEEIRHE YK
&L ol INLDOHFEDORAE LTI, £3En
ARy FOBEERTEESGLNDS 2 &, EEHIH
ZWZEBERIFLN, BT LTS, FIEEICX 254,
BHESSERA L2 BTN, T2, 26D
HiFErRAWRES, LARREMHEIINLIDITTES
FTRRBERLZTP?] L322 THL, aAy b
DDNAWTH I3 NI L DIFERLS T THREIZENS 2
B, BEORBEFITHES % 513, ZoHar /NS <{5H
K7W, TECEFTEREAZLT2 Y& HBIo8EL
{7 b, EBRMEEZRHV 258, TH, F0t0ma
RRESZHEMEEL LTEDTEBIFE:D,[E2FTRE
ERATH ] LW REICOWT, BE--lEE0E
BOADLGHE HHBERS LW TE LD, TEERC
X BEA, COMBEITEIICHE - WEBEDTHRICKRE
T2, 5-Taxy yoRIOUTEEFIEETIT) BHA,
T, [CCFTRRERLTTIE W) FERHIEICED
TBE, FOERBIZEOWTHEIITON L LEXH 5,

R Tl #HffiodEdic LY, ERBEMEEICH Y i)
535 CCD A7 4 Z b LIEI & e LT & 0 Z{fi ¢aEsE
I ->TE&TEY), BRENICEIUNENrZITONLS
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%DNA in tail=—= X 100%
tail moment= %DNA in tail et ke gener
x ofthehead  gravity

tail distance
(tail length )
(total length )

tail distaﬁce
Fig.3 The calculation methods of % DNA in
tail and tail moment

$) ko TE, ERENTE W25, Bk o,
FI2E& 15 DNA &% tail moment X FF{IN 575
A= —bRKDBIEHTEL(Fig.3). 24y PO
13, 8% %1772 DNA, 2% ) DNA Ot TER S 1L
TWwBDT, BICEEN S DNA B 203, HE K
EnZ iz ), MEBEITCE-T, ZORICEINS
DNAEWRO LN B, BFE, COFEIEI2IAY FOAE
DNA &% 100 & L7284, 20, ¥ TEIND, 72,
/NE&7 DNA WrRIZETEOfh HE < ~pkdl, 2% 9,
DNA HBBEO# L\ D3 X EH K < % 5. tail moment
13, SOUDEE R EDIEERDIZLDTH B, 72770,
Z ® tail moment ORDF (L, Y 7 I DVETR
), aity bosek, EOEaoANES, ELOMEE
Br AW ErH L, INHIBVTREHWTY
I 7Ze %, tail moment % 3K& 5 D I2fa[ 2 Hv> 72 (3
S 2ICT A 0ENH S, 77—l LT, TK6Miz%
hydrogen peroxide (H.0., 7722-84-1) TLE L, HEi{§
NI & - T tail moment EICEZIL S DNARZ
K724 D% Fig. 4 121k L 72 (Kobayashi et al., 1995).
B, SOXD tail moment TIZE LIRSS W Tw
%, hitb iy tail moment OFE I ICELEEREE W
5D, BEEFITICL 256 TH-TL, 24y bR
RREOE I DUEICIIFIBRDOIMHEE S OMELIDE
£ 72DTHAH,. ZOFTIIHBKREFMICEI ML T
WARDY, EEECBWTHED ST Y XIAKEL, RS
IRy MEORHMTH ZME2OMIiEL ~XNVIZTBIT S
DNABHEOREZIDECERM LI EFEL LN
72, FRINLDNT A= —TlF, HRKFES T
KT 2B TEIROERINMEEI N T NTED,
CNLDHEFAAY PORHE LY L(ERLTw, 2
DFENEE LTI, axy FoFE#z2 L ETHME
PHRLNAEZ L, HEPELWEATLEMBRVWRHE
FBEMESR SN Z & HIF b, &ire LTI, LI
IV LI s/ T2, EREETEE, By 7 b
WRELZEEHITFLNS,
INLDFHEDIE», Ay brZOBBEOREEICL
D, W OPDEMICHELTEET 5 &0 ) HELH
LT3, Table2 iCAE TICHRESINI W DD
HEwemLie, B%, MAEOEEETA, &LEED
Wlwaxy bEREMEESD, ZOREVLDPIZZ
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Fig. 4 The box plots of tail moment and %
DNA in tail obtained by image analy-
sis of TK6 cells treated with H.O-

Z 25T B HEFMLNE, INHLDHEKRIE, H ML
i PO E 7 7 2AG T ABRICEHT 5 BB VDS
HN, anHETIIEDE X (Pool-Zobel et al., 1994),
b-c DHETREETEZ/RL (b Gedick et al., 1992,
¢ : Collins et al., 1995), d ® HETIZED DNA & T4
3L Tv» % (Anderson et al., 1994), %72, cDF#HXT
(3, EHRIENT 24TV, B DNA & & OB 2T L T
BY, LWHHEBEE»ES S LT\ 5 (Collins et al.,
1995), T b HEDEFE L TIE, ERENSE S
Ticd 69, MEMRVGCHRMEBE SN2 L, B
SEHafkE BT 2 LT o, Bk LT, 4
HIZZ2LOEBNEHHPLELI VDT LNS,

bbb, FURFTEEN WL IATY, 2 Xy
MERERTEDLIYICEHEZ, I Ay FEZDOEED
MEICL )L TEHET 2 HFEIIDWT, EEEND
R L a7z,

MR ETTE

< F 2 —+ v v TERH William G. Thilly &+
InahEnice FBY vovFEkilERD TK 6 fifla z
M7z, TK6flalE, AHELL72HILEE 10 %M 7z
RPMI-1640 554th % F V>, 5 %iREE 7 XAF4E T, 37°C THE
# L7, AR oMiaE 5X10° cells/mL 2% 5 &
J N2, MNNG, H:0. #3413 1 K:f#, meth-
yl methanesulfonate (MMS, 66-27-3) D354 13 4 i
WE L7, REBOMIILELD L TES, 1-2X10° cells/
mL 127 5 X 9 ITEh THEE L7,
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Table2 The various methods of manual microscopic analysis of comet

Method nucrilkl)er I;Z?c}:s;i:sf categories
a 100 3 intact moderately severely
(Total Length) <40mm 40—80mm >80mm
b 100 4 Stage 0 Stage 1 Stage 2 Stage 3
intact slightly moderately severely
c 100 5 class () class 1 class 2 class 3 class 4
undamaged maximally
d 100 5 None Low Medium High Total
(%DNA in tail) <5% 5—20% 20—40% 40—95% >95%

? . Pool-Zobel et al., 1994, * : Gedick et al., 1992, © : Collins et al., 1995, ¢ : Anderson et al., 1994
i
W

W

Type 4

Type 2

Type 1

Fig.5 The classification of comets by visual scoring method

Table 3 The frequencies of each type comet observed microscopically in TK6 cells
treated with MNNG, H.O. and MMS }
Concentration Number of cells ‘
Mutagen («g/mL) Typel Type 2 Type 3 Type 4 Type 5
MNNG 0 497 3 0 0 0
0.125 78 389 32 1 0
0.25 0 113 374 13 0
0.5 0 0 83 414 3
1.0 0 0 1 379 120
H.0: 0 407 : 66 25 2 0
0.425 71 209 192 26 2
0.85 40 155 219 78 8
1.7 0 11 131 292 66
3.4 0 0 6 232 262
MMS 0 92 200 201 5 2
5 0 130 333 35 2
10 0 2 177 318 3
20 0 0 1 474 25

2 Z 4 FOF#EEIL, Singh &7 FiH:2 & - 72 (Singh
etal.,1988). 270X bDZF4 F 7522 M, &
Al CEERRIE R (PBS) 12 0.65 % DIEE TEH L 712
normal melting point agarose(= v K> ¥ — @) D%
WRCTHEIEEERL, F28 L L THBRER 10 L 2
Mz 720.5% low melting point agarose(=+v &> ¥
—H) D PBSIFEEAERE L, £3EELT0.5% low
meltingpoint agarose ?» PBS %2 &R L72. 254
FiZ, 2.5 M NaCl, 100 mM EDTA, 10 mM tris
(Tris), 1%
sodium N-lauroyl sarcosinate, 1 % Triton X-100, 10
% DMSO = &% pH 10 oflaiE @ik, X, 4°C

(hydroxymethyl) amino-methane
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T 1R T 72,

HIRERR D 2 T 4 Fidy 7<) v R ERkEMIC
AL, 0—10CI2H=L72300 mM NaOH, 1 mM
EDTA 2 &0OkEik 2 mz, 15 5kER, 25V, 300
mA T 20 kS L7z, WEkn 254 Fi, pH 7.5
7 0.4 M Tris #f7#% THHR%, 20 xg/mL ethidium
bromide THA L 72,

B3, X944 FE2a— L, LBEEr b 5%
WESIRLTT-7%. A4 F 1#IZD & 500 Motk %
Fig. 5D k) 22D BICEH L THHEL, FlEk L.
Type 1 ZER D% WiBBHE R, Type 2 1302 7 DNA
Wri Z 9 &%, Type 3 I3EVREEZFH O, Type 4 (3M
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Table4 The fold increase against negative control of each parameter obtained by
image analysis of TK6 cells treated with MNNG, H:0. and MMS

Concentration Magnifications of median against the control
Mutagen (vg/mL)  total length  tail length  tail moment %DNA in tail

MNNG 0 1.00 1.00 1.00 1.00
0.125 1.28 2.63 12.0 3.62
0.25 1.68 4.94 65.9 9.33

0.5 1.69 5.57 161 14.5

1.0 3.08 14.3 712 27.2
H.O. 0 1.00 1.00 1.00 1.00

0.425 2.58 10.8 209 11.2

0.85 3.65 16.8 1493 26.9

1.7 4.80 24.0 2717 40.7

3.4 5.02 29.1 5191 58.1
MMS 0 1.00 1.00 1.00 1.00
5 2.20 4.42 61.2 5.61
10 2.31 4.65 93.0 7.15

20 2.49 6.39 186 11.0

b 73)7;*05:") EF/)*T*) ::t U‘T*O)@@Jﬁ‘ &) ‘)O X/L %) ax 20 H:0: 0 pg/ml

v b, Type 5 3D Ay FTH B,

a4y FoE$lE, CCD 4 £ 7 (HCC-3600, 7 o —x
VA, B T L, B MO) T4 A7 va—5—
(MV-200, TEAC #t, B30 TMO 7 1 A2 7 l2—HRAF
L72%k, ERENT S 25 24 (New Vision System, 7 4
F+ —BF T ¥, KR, PC-9801 RA, NEC#t, H®) T
L, 22 FDEE (total length), EDEHH DA D
£ 2 (tail length), Ric&F 5 DNA DEIA (%) (%
DNA in tail), tail moment %K 7z, 7ok, 2O tail
moment (3, & EDELEIERE X % DNA in tail DFE

ThHs.

BREIVER

Table 3 12, TK 6 #iifa 2 MNNG, H.0., MMS T
ik, KHEICDE 500 MO % B L T% Type i247
MU LR E2 R L, RRLAIEOERET
NTTHEERTFIIC L DBEOB L vax .y F oI
DL Tz, R, 2 TERMICHEMS LEZRED
FWMDARTHEL, 24y POHRBEBEENAEZRDE )
W, 0% 0, Type2 255 2T NTR—-D LD ERLT
FiFEe 7235 &, MNNG0.25—1.0, H:0.1.7—
3.4, MMS 5—20 ug/mL (3T XT100%&7%D, 2D
FiETlE, CoREMOREKETEERTILETES
W, FE 72, ERRICII Table 3 iam Lz & ) ZiEBEoORE
DECTHBIZLPDPOLT, £DENERTIELT
&, ;of INHENDHEIIBWT, IXy FEZED
HEORECI ) AH L TEHERT A2 HEE, 240 bD
&ﬁﬁ&@ﬁ%ﬁméﬁ&io%T<ntﬁﬁf%ét
2 b,

Table 412, Table3 D&EHED & WAEAITEAI 25
iz 2nWT, HEEHEFNTIZ LY total length, tail length,

Number of cells

% DNA in tail tail moment

Type
Fig. 6 The correlation between visual score and the

parameters obtained by image analysis for

TK6 cells treated with H:0:

[J:Type 1, : Type 2, ] : Type 3, 5 : Type

4, B : Type 5

tail moment, % DNA in tail %K, %O PHELKE
BRE B L CfEcEmL 2R SRS
W, 42D85 X —% =D 5 tail moment D &K
TR B R LA E L, 2vwT% DNA in tail, tail
length, total length DMETH - 72, H#iZ, total length
% tail lengthZ ¥ d 1 R/ X5 A — % — Tl
MMS (2B W THEREMEDED - 7225, tail moment
R% DNA in tail Zc ¥ @ 2 Kyl ¥5 X — # — T3,
MMS i BWT L HERGFNZBN» B LN TEY,
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HRENTICB W TIEINEDRT A —F—haxty D
HENREZRTDICEHTH L H 2 b7,

Fig. 6 12, Table 2 ®» H.Q. D EEEITH RN 5 %
DNA in tail, tail moment &, BifgEAT%4T>722 X
v b Type T LR E2 LA N7 T ATRL
eI 5723 4y b OSEEIIEGERENTERD %
DNA in tail, tail moment & & < —% L7, 727701,
2 DHEETIZ A v bR STEBICOET 205, HiE
BT EAT 7288, Eh oI A—F—2PnTd 2
Aoy BT 10 BRBE 28T & 72, % DNA in tail 2
72354, Typel: 2 BH, Type2: 1B, Type3:
2 BilE, Typed : 4 RS, Types: 1 BRI TE,
tail moment # fij\ 272354, Typel: 2 B, Type?2 :
2 b, Type 3: 2 B, Typed: 3Bk, Type5:
1B TE R, L - T, MR, gD
WLwvType 4 D24y bOITICERTH L EHZ 5
nre.,

& £

Xy MEOHXRREEOEKOMMIIZH & HIES D
DHBHY, El2, FOWEMICHTIMHEFELREL, 2
Ay MEIZDWT—ERFLTALZWEEZ T BH%E
HiZzn, Lal, SEIF40HE, FFhEoshs
h, EEICEEDIJIZL25nwannhikbh )iz
<, FERLEUNTWRZALZ0DTRZ 25 P,

CITIE, ZFOHLEHZa Ay ORI b
72, FrDRHIERER, WEREFTOEERY 7 b L REE
L2y, BRI R S HBIE 2 5502, Hiza 4 v b
DHIRZRDLFIEL) LTSN T3, ERIET
TERY 7 P eFLLCIRBI I A v MNEERET 2
RICAT ) TR & LG L T 29, w2 5,

bbb FETIES00 MO %558 L &L 722
B, Znaiy bESFHLUTEHET 2 & 0w FEOSA,
BERKIZ10MFTIED I FEZ LA, REOE
FIHC LD, oW, BELLZTNEZLZWRIA P
B2 EOLHEITE, CoREFTCTHINL, BER
BEWSTZELHRETH S, 500 H%E 0L CEMHT
SDICEY HEHEIIIM 52 TH L0 T, 100ATHI
K 3 TR TE B,

F72, COHEE - GADOHEHRNTERIZ 2 W T,
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Type 1=1, Type 2=2, -+ Type 5=5N k)% X2
TE527C, £X54 FZ &2 DNA BEORE % 8l
LT 54T HEFER LS, L L, b LERiEN
BITZDRIRTH 2% H1F, —EBEHTE L BRI
Hoxtipwrz et L, #1213, % DNA in tail T, Type
1="TF¥2.5%, Type 2=¥110%, - Type 5=
B %D L ) HBMGEE ZNE IR I TIIHTCIIDH BT
FELEZLND,

ERIFATICIE, M2 WSHEFTELRHENLA) v b b H
5705, M WIRITIE O R 7, BERE @ DNA 1815
HOFREEMRT T 5 &5 L HNORBROEAI2IE, &x
DRBELILFHEDAY) v MIRKEWE WL S,
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