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Detection of the point mutations and deletions using gpt delta
transgenic mouse
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Summary

A novel transgenic mouse, named gp?¢ delta, has been developed for the efficient detection of
mutations iz vive. A feature of the assay system is the incorporation of two distinct positive
selections for the detection of two different types of mutations, 7.e., point mutations and deletions.
The first selection is 6-thioguanine selection, which uses the gpt gene of E. coli as a reporter and
mainly detects point mutations such as base substitutions and frameshifts. Since the coding region
of the gpt gene is 456 base pairs (bp), it is convenient for the identification of mutations by DNA
sequencing. The second selection is Spi~ selection, which uses the red/gam genes of A phage as
a reporter and preferentially detects deletion mutations with the molecular sizes from 1 bp to
about 10,000 bp. The results of the mutation assay with ethylnitrosourea and gamma-ray irradia-

tion are presented.
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This paper was presented to the symposium II “The approach to novel detection systems for environmental mutagens” at the 28th JEMS annual meeting, 1999.
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Fig.1 Summary of gpt delta transgenic mouse mutagenisity assay.

I LB 2%RET L7720, L EG 10 DNA 2 AAAS b
AV =y 727X gpt delta % B% L7z Nohmi
etal.,1996). T2 R, 2 ODRMFEIC L > TEL
55 A TDRBRERENFEILS KT s TRV 2y 3y
TE LR ZER > T5b, OKBGHE gpt BIETZ2 VR~
2 — ¥ ¥ 5% 6-thioguanine £ V7 ¥ 3 » i3, FlcHER
ERUEREPERL 7V -2 7 M) 2HET 5. @2
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bhibiui, REAREEBRIHAOENEETTH IR
Wa @ gpt BIRF E RAERBMEADENEETTH S
A7 7 —Vred/gamBETFE2RHO>bFT AV -
AEG10# # % L 72 (Fig.1). 2EG10 (3, chloram-
phenicol i} ¥4 & 1% 7 (CAT), KW & gnt & 1= 7,
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Fig. 2 ENU-induced mutation spectra analyzed by several
transgenic mice systems. Bars represent the percent-
age of a particular type of mutation among total
mutations identified. The source of the data is as
follows : 60 gpt mutants from gp¢ delta mice in bone

marrow (Masumura et al., 1999a)

; 23 lacZ mutants

from the lacZ transgenic mouse strain 40.6 in bone

1998) ;
from lacl transgenic Big Blue™
(Kohler et al., 1991b).

marrow (Mientjes et al.,
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7 AT
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1994 ; Kohler et al.,
—7, ELHBICBE T

R oTnwil, oz ki, vik—

WERBIV 7V —AY 7 VEEDPZ LN,
DERRERERTHBEEICA LN D ISI DIFAIIBE
INT, KIEBEICIBITAEREZARZ PFTALIBHLRIC
$ —EfnTFEn%R%

15 lacI mutants
mice in germ cells

ABMRICE-TYIHEN, 77 R 3 FICEHRT 5, &
P HDYG6020 H # # 6-TG & chloramphenicol
Cm)Z2ELMIEREMICE T ITC THET DL,
TR N LD gpt BIETFHERELL T 2ERKD
AW 6-TG 2 EHUERREM ETCan=—2ERT 5, %
72, Cm 25 MY EREMIZEFWTELou=—%
o, BRT7 7y —VHRDT TR I FITL B HEREL)
AR o= —HE LR
oo =——HKTHLTEREEFREE2ERT 5,
AL B L U ethylnitrosourea (ENU) TQUE L 2=
BT 5 gpt BAETIREBEEE & WE Lok
RERT., PFvRAV=vEAT O OE2 R
Z (BDF 1) ) Heffi 4 12 ENU % Y [ 1 B 4% 5- (150 mg/
EREE XL 72, ENU &L
RIRAEREHEZ2.1-2.3X10—4
THY, WP BHE & ik U CERREE IR 4 —
=57
F A3 F Lo gpt BIZTHEE % PCR THIE L DNA >
— 7T YL THMIL2E 25, ENU LHEE
T GC > AT ER(17/60), AT - TAZEE(17/60)»
% < & 617z (Fig. 2) (Masumura et al., 1999 a).
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AW2ERTFT— 7553851 TWw5 Jansen et al.,
1991 b ; Mientjes et al., 1998).
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3. Spi selection [CLXDREERER

DR

FFUYRP 2=y 727 R gpt delta i3 Spi- L7
varERHOTRREEOREDWRETH S, PT R
V=D AEG10 123 red/gam EIZT B LU chi BLHI
PHEHET DL A 77—V red/gam BIZFII, 77—V
PR L7 KB D recBC &R THEZIHIL, B S
@ DNA 2K 8 O exonuclease 12 & W I LB D
PHS, FORRET7»—VIIEMLEREMEICT S —
7L, L2 LP2IBERETIY A 77— VORAIE
) recBC BIEFHFAELENEEP2 77—V DFED
OldZEBHICLNVEERBHEERTOT, HRIIZA 77
—VDWEIIHIE I N T T -7 FE L, COFER
A7 7—YDPLEEBEICA Y 5KBE % Spi* (sensi-
tive to P 2 interference) & W 4:, —7, red/gam W&
BRI AELL TV 2R K7 7 — VI P2 BRE
W LTE 57— 2RI 52 LHTE5(Spi).
Spi~ 77— VOMIEICIIEERGE A recA* TH B Z
&, 77— VRIEFLEIC chi BEHIHAT 52 LRNE
TdH 5. Spi~ KIMENI red/gam WEZTFREBED RIEAL
I2EN 72635720, Spi~ BRFIZFEICRIENE

REFEDEEZ LB, red, gam EIR T £ E UM
Lf* HZREE R DRI L BTERIIFEFE IR L HE 2
LENBEHDTHL, Spi- L7y a o BB TE ARE
EROKEZ S in vitroSy 5y —V v 7EHELL W
HHEG kD) EREFEZ 51555, AEG10 v
2T APy TFLAZHAINT VB Z Lirh, HE
Da=y MTERDP ST RELREEE D HRIICIIR
HifRE L Bbi b,

%r{v7vaym%%ﬁ&®M%%Fg1KﬁL
. Invitro Xy r—Y 712k > T AEG10 2ENLT
%)F)zlpt‘i’f 126 TGV 7y a vy edBTHSL, IS
N7 7 —v% P2 IEREICELEI L& AN) 7T
= AEREMICE T INCT—MisEEL, Spi” BRE
W75 -7 %155, 2/, FERWICERIEI LT 7
—VOWERLTT 77 %E5DT, 77— VOuIGH
BHERDOLND, Leh»>T, BR7S5—7KE2REN7
7 VTR LU CRARALEEEEN;ENINSG,
AETHIE & 7T~ 7 X 7 Spi~ BN BINHE
13#30~7 Z(C57TBL6/)) D &8 T0.14X107° #21
<7 X (BDF D)DK FT0.11X107° TH - 72 (Nohmi
et al., 1996). ZDffii3, gpt BEZF=R lacl, lacZ &1=
FELVR—F—RLARI Iy A V2= 7o RRZEIT

3 BRRAEENREE & g LT3R, #21 %
MO~ 242 v 5, 10, 50 Gy # FR&T L, 3 HHIZHK
mrbEL72EZ A, MEICBIT5 Spi- RAXERKHE
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|5 Gy 86-sp1 (-28 bp)
L—1 5 Gy 35 (-989 bp)
1M 10 Gy 37 (-76 bp)

1|10 Gy 14 (-266 bp)
[———1 10 Gy 39 (-2433 bp)

red

15 Gy 4 (-9198 kbp)

N\ 10 Gy 42 (-~10 kbp)

10 Gy 41 (-5884 bp)
1§ [50 Gy 95-sp3 (-43 bp)

- 50 Gy 95-sp4 (-3560 bp)
| 50 Gy 18 (-5054 bp)
50 Gy 16 (-7137 bp)

Fig.3 A partial genetic map of the lambda EG10 transgene and the recovered Spi~
mutants from gamma-ray-irradiated mice. Gray columns represent the
gam/red region. Arrows represent the position of PCR primers for the
analysis of mutants. |

Ya VICHNBRERZEEEMEVWER EEZ S
5. Big Blue mouse ®® Mutamouse 2 ¥ D b7 > 2 Y

==y 727 ATEIRERBEIRB SIS wEwbi

EIZFNFN0.7X107°% 1.2X107% 2.0X10°THY,
B & 227 FR-28 5 7z (Nohmi et al., 1999). MEt
<7 Z {3k D Spi™ BEERIC O W TR % AT L 7>

EZh, WRNTHIKDICRESEFEELREINRE Twb5(Suzuki et al., 1993 ; Tao et al., 1993), Zo
EEFFE SN (Fig. 3). vy BEEHC I VAT 2 Spim  BERO—2i, EERERO HARRKREREE I, FHWT2H

BEROLITEETB AR L2 DNA KR L9 EWEETLPEE LWREAERERIL LI WE
FHRIEGHE Z T L D ER L TEL LD EEZ LN, WChbeEZDL, EREHRERBILZ WV Spi- L7 v

3 ¥ OFRRIED, R BRARRERBE L KRERDOW)
RILRINDER L HZ L5,

e Gt ZBKD Spi- BEEIZ, WD gam &
ZEFHNOER—EIH»HE DKL T 5 EF (repetitive

sequence) P Clbp D 7L —4L 3y 7 b2 L TWR
(%), ZNiZ gpt, lacl, lacZ BIET 70 ¥ DRERAE R A~
ZIMVEBKRELRL STWE, ThbDe7 AN
HHTBREINIZEENZ L, CpG M TE 2 G

CoA:TFSvvvar®, GIC>TAMNFVRA
WN=U gy ThHhD, T LEXERIIAFLY Y
YOBT I /AL DNA OB LiEEIc L DI 55D
&# 2 5415 (Bird, 1986 ; Moriya, 1993 ; Sagher and
Strauss, 1983). L2 L Spi-tVv 27 a»TCit gam &
red @F@ﬁ@iﬁfi*ﬁ"ﬁ%“”bff‘iﬁﬂ:Lf’%ﬁﬁt‘%%%ﬁ‘fé 7z
B, 1bp DEHEWRII Spi~ BRELTFRT LI LNT

X7\, Spit V7Y a I DERREMES, kL 7
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(k)gam DM F v & red DRI F > DORIES
bp LPEENTE LT, MEETFOEFIIERL TS
LEZ LMD, gam T 1 HEDOREKPELDE, 7L —
LAV T Mk >TEE gam O F P red D3 —
FEEAICTIAL, DD LY L Tid Gam 77
7 T7% < Red W L AEMICATELT 2 &£ 2 51 5,
L72h-T, Spi- vV 7 ¥ 3 > Tl red/gam W:E(5-T
IZF 72 BRERERIZINZ, gam WTH LIEERKz&E
L7V —ay 7 FEEFRE & 1L5 Nohmi et al.,
1999).
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PSRV 2=y 7o AR CREREERERI
B 4K % AT R & T 5 in vivo BERRTH Y, &
PR AU HRE 7 KM L 72 B REME ORI & T &
BRICLALETZOERIIKRE L, BERRY T4 7L
73 a yOBALEITL ) EBRBEOMBILIEAL T
5. L7720l BETFERVWIRRTED, BED
Muta mouse, Big Blue mouse 2@ TE 5 52—
kIR A 300 bp &8 EERII DN RS % I &
¥ bEE 3N T 5 (Jakubezak et al., 1996). %)
BORVKEHROBEREL 52 2 b OBERIEA % DR
HThAr9.

AEBAF I N7z gpt delta =7 22, Rl—% 7N
52DDBHIKIC L > CHBRRERWERERL 7L —
LY 7 P ERRERBERRNICKRS T4 7RV 7V 3
YL, Bo NI EREREIEIRES V-~V TR T & 2%
BEF->Tnwb, B gpt delta mouse I3 C57 BL6/J
RO R ERTHEINTSEY, FISH#TIL-»>T17
Fitfk Eic AEG10 DNAOEALFERINT W S
(Masumura et al., 1999 a), 7"/ A ~DFA 2 E—£3
160 2 E—,E %5 (N7 a A FH2D#80 2 ¥—). kK
i3 N7 gpt delta mouse Z FWVT, MBERICE F
NE~TaHFA 7))y 7T IR, FMAFICLIVER
BN DERERDENT A T\ 5 (Horiguchi et al.,
1999 ; Masumura et al., 1999 b ; Okada et al., 1999).
Fr2, /v 7T bR EDREIZ L HEETHIED
RN B v 51TV 5 (Minowa et al., 2000).

oAV zzy o728 AWz RETRERDR
(3, BRERIFEDOMBERITIZ, FAHTA S DNASIZICEE L
TBEFE2RBIEL?T7REREIELZ LT, R
IBITBHIARL DNABEX = X LDMRICER L
ez RTborELoNnD, 72, Spi L7 s
VIIRRBEREZ BRI T 52 =— 27 TRERTH

BEHRZ 12 Lo & L7 DNA YRR 2 7° B 5-
T4 TOERBEOREB IOMBITICHERhEFEZ 5N

5, WRDIRATLATIEALILDTE LI L W

RREREREEOBHICHFF T b0 LHFINS,
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