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The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2020.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2019, this report summarizes the research results of the "Establishing
a new evaluation system to characterize radiation carcinogenesis by stem cell dynamics" conducted in
FY2020.

In this study, the long-term clonal expansion of mammary stem cells after high- to low-dose radiation
exposure was investigated using stem-cell lineage tracing technology that can permanently label stem cells
and their progenies. The purpose of this study is to characterize radiation-induced breast cancer based on the
dynamics of radiation-exposed stem cells by capturing proliferation and analyzing it using a mathematical
model.

We used a mouse model that can trace the cell lineage of basal cells of mammary gland. In this mouse,
expansion of clones expressing fluorescent protein was observed over time in the non-irradiated group, but
it was found that the clones that expanded halfway shrank due to radiation exposure at 7 weeks of age.
Mathematical modeling of mammary gland dynamics could explain this clone reduction by introducing cell
division arrest and cell influx from outside the tissue as the effect of radiation exposure.

The goal of this study is to develop a new evaluation system that can characterize previously undiscovered
"radiation signatures" by stem cell dynamics.

Keywords: Radiation Carcinogenesis, Stem Cells, Lineage Tracing, Mathematical Model, Radiation
Signatures

This work was performed by National Institutes for Quantum Science and Technology under contract with
Japan Atomic Energy Agency.
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creERT . Cre recombinase fused to modified estrogen receptor
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DNA : Deoxyribonucleic acid (FA XV RERR)
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F1 : First filial generation (HEFEZE—1%)
FAM . Fluorescein Phosphoramidite
LoxP : Locus of crossing (X) over P
mCFP . membrane—tethered Cyan Fluorescent Protein  (JEfERNFH ALY /37 H)
MCMC : Markov Chain Monte Carlo (wva7EHE T v m)
nGFP : nuclear—localized Green Fluorescent Protein (#ZRfERkfasiyts v /X7 'H)
PBS : Phosphate Buffered Saline (U U FRFEmE )
PCR : Polymerase Chain Reaction (AR U AT —BHEE L)
RFP . Red Fluorescent Protein REEE 2 N7 ')
SPF . Specific Pathogen Free (R E I IR ARTE)
YFP : Yellow Fluorescent Protein (FHEEH X7 H)
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Tg (KRT14-cre/ERT) 20Efu/J & B6. Cg—Gt (ROSA) 26Sortn? CAC tdlomatollize / Ty 1] fiff< 7 & (K14-
tdTomato = ™7 2) & . STOCK Tg (Krt8—cre/ERT2) 17Blpn/J & B6. 129P2-Gt (ROSA) 26Sor- ™ €16~
Brainbov2. DCle /T ) F1 i< 7 2 (K8-Brainbow = 7 &) Z{EH L7-, . LI FOFETHEEE
FRIDHEZAT T,

© WETHOHE

1)

BETRZHET D5~ T RCONWTE, SICFEERERICITo70, ~ U AN 3 s
IR VBEAL ST DD — U0 ORI, BRI D72 D B3 F T b 7o ik 2
FAZHVVZ, DNA Ol IE Maxwell® 16 Tissue DNA Purification Kit (71 X H#k
=) B LIEBL T OFETRIL -,

10 mM Tris—HC1 (pH 8.0), 150 mM NaCl, 10 mM ethylenediaminetetraacetic acid
(pH 8.0). 0.1 % Sodium Dodecyl Sulfate 2>SHEEE X415 Lysis buffer 100 pl (2RI
O Z M Z, 95 C, 10 29 ME L7=, % 212 2 pl Proteinase K #¥A L., 55 C.

60 /G SH, 51295 C, 10 3ME L7z, =Dk, DNA % TE (Tris-EDTA) /Nv 7

—IZAHR LT,

3.1-3
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2)  FIROAIR L7 DNA & KAPA2G Fast PCR Kit (HAY =37 4 7 A4 2 H
VY, & 3-1 O T, Veriti (—F7 4 vy —H AT 47 40 v 7S 12
T PCR & ZAT > 72,

% 3-1: PCR ISR DOMAL (1T vdbizn)

PCR mixture 1 sample (ul)
5 XBuffer 5

25 mM MgCl, 2.5

10 mM dNTP 0. 65

10 uM Primer Mix (3%) 1.25
KapaHS Taq 0.15

DDW 14. 45
TOTAL 24

(%) TI9A~—lF~ T ARZMILICEL I 2 DT T4 ~—10 M %25
Z¢ Primer Mix Z/EpK L. fEH L7-,

F3-2: BT ADPRIZHNDG ST 4 ~——&
tdTomato ~ 7 A

77 4 ~—No. fdsl (5 7263 Jim)
0IMR9020 AAGGGAGCTGCAGTGGAGTA
0IMR9021 CCGAAAATCTGTGGGAAGTC
0IMR9103 GGCATTAAAGCAGCGTATCC
oIMR9105 CTGTTCCTGTACGGCATGG
Brainbow <= 7 A
11341 GAATTAATTCCGGTATAACTTCG
o0IMR8545 AAAGTCGCTCTGAGTTGTTAT
oIMR8916 CCAGATGACTACCTATCCTC
K8 =17 A
oIMR1084 GCGGTCTGGCAGTAAAAACTATC
oIMR1085 GTGAAACAGCATTGCTGTCACTT
oIMR7338 CTAGGCCACAGAATTGAAAGATCT
oIMR7339 GTAGGTGGAAATTCTAGCATCATCC
K14 =1 A
24964 CGCATCCCTTTCCAATTTAC
oIMR1374 GGGTCCATGGTGATACAAGG
oIMR7338 CTAGGCCACAGAATTGAAAGATCT
oIMR7339 GTAGGTGGAAATTCTAGCATCATCC

3.1-4
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Veriti Hh—< /LA 7 5 —TlIF 3-3 DIREEHRE T PCR s x 1T 7.

% 3-3 1 PCR SUSSAE DR

T ] (A 7 2V 550)

94 °C 2 min

94 C 20 sec

65 C 15 sec (0.5 °C per cycle decrease) 10 cycles
68 C 10 sec

94 °C 15 sec

60 C 15 sec 28 cycles
72 °C 10 sec

72 C 2 min

10 C hold

U T VB A I PCRIL Premix Bx Taq (X4 734 A#kXE4h) 2. % 3-4 OfRk
T LightCycler®96 (R = « XA T 7 ) AT 4 v 7 A ZHWERLZ, Faiic
Wi U7 DNA [X Wizard SV Gel and PCR Clean-Up System (7'v X H#k&tt) # AW
THIBL L, DNA JREEZ NanoDrop One (h—EF7 4 vy —Hh AT 7 1 v 7 HRAS
) ICTHIEL, 6T 5 nl H720 100 ng (Z78D K DI LT,

F3-4: VT NNHA LPCRINEDOMEE (1 V7 HT-0)

PCR mixture 1 sample (ul)
10 uM oIMR1084 0.08
10 pM oIMR1085 0. 08
10 pM oIMR1544 0.08
10 uM oIMR3580 0.08
PrimeTimel (3%1) 0.03
PrimeTime2 (3%2) 0.03
Premix Ex Taq 10. 00
DDW 4. 62
TOTAL 15. 00

(3%1) PrimeTime gPCR Probesl : FAM— AAA CAT GCT TCA TCG TCG GTC CGG-BHQ1
(3%2) PrimeTime gPCR Probes?2 : Cy5— CCA ATG GTC GGG CAC TGC TCA A-BHQ2
EH 51 Integrated DNA Technologies BEAEHIC TAK LIz b D EMEH L7,

FEEO mixture & 5 pl 729 100 ng @ DNA 2R, 3 3-5 DTV 7L % A4 I PCR
iTo 77,

3.1-5
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#3-5: UTLHZ A I PCR RSSAEDOZEM

T IEFH] (P17 L 350)
95 C 30 sec
95 C 5 sec
60 C 30 sec

45cycles

B o7 — ¥ % LightCycler®96 (2 THENT L, NERIEHECTH D Cyd L HMID KT A
V=@ FAM @ Cq (Quantification cycle) flZ KD, A ACt IETREEZFEHL, &
EpAST aNEHEE LT,

® #EXT 7z b

HEX VT = UPRIRIE 1~20 mg/ml THEE L, #EXF V72 (V7 ~BEAEM) (I
% )= (BE7 ANV LROHMERASMH) 28 —F kL 139 dmL., A7
o7 ACTHBR, HO0UOMEL-E—F vy Vil 7 ~AEat) 2hma, 85
F TR L,
BHETHTRATHOLNUOYHETIERELZREL TRBE, vV RAKE25 ¢H72V 0
20 4.5 mg DIEFET, =~ AN 4 WEE 21X 7 Bl CIEENEE Lz, #EXF V72003
BEHNTAE R 22X 72 B ESND720, BEHZIXLEM, 74 AR—07
Nr—2 (A 5= AV =2 AHEMTERASH) CHELIZOL, BEOr—v
R LTz, LT f AR—Y T — 1T E itk o JEEE X A3 20t - CHRIE L 7=,

@ Rk
FEFR VT 2 L EHROR®R, < v ZEED S ILBHR 2 BRI L 72, £ D&,
FAR R 72 BIZR TIL 10 /b~ U RIS T 1 RFRRIALER L, ik 2 [ E L7,

® FHRONTEMEE S 37 Bk

~ U AMENTHE a0t 7 X7 B a3 2 EZR ik, ARMEMREE®. U o ERREE
% (PBS) T 10y 3 [EIPEiE L= b, DAPI (P—FT7 4 vy —P AT 4T 427
FRAEH) 12T4 CTBUS &8 72, PBSICT 10 43f 3 B Li-0 b, LU FoffkE
HILALER Z Rios & D HIEIZHES TIT - 72 (9], #REWILIZ FUnGT 7 U 7 U > 7 ¥k (50 %
7 )ta—/ (vol/vol), 2.5 M Z/7 h—A_, 2.5 MR, 10.6 mM Tris Base. 1 mM
EDTA) ZRD X D ITBEBERICHIEL L TiTo72 : 77 h—A100 g % 23.3 ml Tris—EDTA
pH 8.0 (100 mM Tris Base, 10 mM EDTA (37 ~#k&H)) KOV110 ml 7Y Ea—/L
(IR TR LT, SV Tl 33,1 g DIRFEEIZ, ERD Y —1270 % £ CT=IR TR L,
FLRRAEAR OB LA T [EERRR Y~ 7 Vv & 16 ml 2 =B v F 22— 72 A 7250 pg/ml
TAANE R, 0.05 ng/ml L-ZNAHFF AL EEGTe FUnGl 7 V7 U > ZERRICEMN L,
4 CT—MLLE (BT T) RS SHT,

B U 7= FLURARRR X FUnGT 7 V) 7 U o Z¥RHR & & HIZE A L72 (See Through Chamber,
BT A L ARSI 1X-83 dhE S BEMEE Y 2T A () o2 E
) THAE L7,

3.1-6
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BAS L7z, 7 a— i REFHET 272902, BT 7 b Imaris (Bitplane
AG) ZMW T, Surface &FEXNDFEMNTIE T, tdTomato (ZHRT HAREIGICE T 2 R
H LS IIEHEEREH L,

(3)  FBRE R K OB
3. 1.1 DTHRAZ L 9z, AR TIESFEEIZS] ZHi X, Kld-tdTomato M~ 7 2
& K8-Brainbow Mt~ 7 A ZAEH T 572010, TNENOERTHE~Y T AZMEFF LI, &
{RB9IZ 1%, STOCK Tg (KRT14-cre/ERT)20Efu/J., B6. Cg—Gt (ROSA) 26Sortn? CAt-tdTenatollize /T - STOCK
Tg (Krt8-cre/ERT2) 17B1pn/J. B6. 129P2-Gt (ROSA) 26Sor ™! (CAG-Brainbow2. UCle /T gy 4 ZEHE|Z S
T, FNEN 8 BERLARE CHERAZBL ATV, O NTIAF~ 7 AIZDOW T, AR D HETHE
B RHEZ T Te, EO—FlZLLTFIZRT,

“:b —{E .
| EBORBE ) | B6.129P2-Gt(ROSA)26Sortmi(CAG-Brainbow2.1)Cle )

Bl T £, Wild type = 386 bp

Heterozygote = 300 and 386 bp
Mutant = 300 bp

-TE*\ Positive control

S
< 2 o

M5 S § 5

Eallve T T 100 bp
I | DNAZH —

ree————
B LLEYNT

Homo=—s

F7HO-RTIVERKE N L
FHO—RF L BEXBIE. BEROERS THAHA7HO—
AREERTIELRADT. BEBET ORI SITIELTHRE
TAHFETT . DNA, RNALEDREE S FIEFhFRIZK

EFS(RI) LFBEH->THY., kBERES FROKE
WEDIEFEEFRNIZLLL NSV EDIFEE TP GYET,

DNAZ, BIETFU 0 L (EtBr) TEBEL, RE,

3-3 : Wi RVHIERE R (—B6)

3-3 T % B6.Cg-Gt (ROSA) 26Sor ™ (CAe-tdlomatolize /T 2 g 70 25 (N | B6. 129P2-
Gt (ROSA) 26Sor ! (CA6Brainbon2. DCle / T g i DYRAR T AL D P E ZFT > TE Y . JEK LIZE3 I 1E
BB DR OB IHER R Z T~ Lc, PR T L HIC, BRI~ T 2 Tid PCR THY
e SN DBIE Wi 23 386 bp L7253, ~T a~ U ATIEEAROBEL WD 386 bp
Nz, R OBE WO 300 bp HRIFFICHRT S NS, 2, Ao ZER L&
BT EGIEME, LOBPLIXEROBBTEZFEMIILICTHDH, FEYTATIEHIE
WOBBTHFIELRNWO T, BRMOBETEH OHBEHIN TS,

3.1-7
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BRITCFEOHREE[14] THak~7= X 912, STOCK Tg (KRT14-cre/ERT) 20Efu/J 7¢ & NZ

STOCK Tg (Krt8-cre/ERT2) 17Blpn/] ~ 7 A _f)b\Tfki\ B D7 H o — A F)VERKENC

X A B FRIOHETIZ, BAERDE I 0HE FETHDHIN, ~"T v TANKRE~
7 ADDHE iTbeﬁéo%@tw\bg_mbfﬁéﬂ%Tﬁm—xfw%%m%

THEL., TO%, TEPCRICE DB FHOMEELIToT2, —HlE L FITRT,

ERROFER (—H1)

/99427 1)I)LIEHomo (ﬁﬁ
&) &Hetero (1B ) TELD

— | ﬁWiid typeldHomo & Hetero}_"'\
LHoELELC2EDCKERMNE

\M\@aft\é) )

210217 Krt8 genotyping

- - [ ]
' gl | e '
- e Lm0
- - = = = I..':_
|§ R -
S5 ===
H.-..l.... |E Boomn b e i,

= :
=
=

bl
g

AT

1181

)(a’ 268 209 270 271 H) KlR K[ES

iiiliii FFiRiNG
FERE AR AR

e T

S— T Eravoz
DNA

Hetero 1
Homo

1

Positive control

X 3-4: U7 /LA A LPCR Z W@ R ERE R (—6)

[ 3-4 /£1% LightCyclere96 TOFMTHE R TH D, 2 Tz, HID ) v A
YT UNETAROT U LOHEEIRE Z TR L TWD, SRITAEE O#REE[14] T
P AR AR K D IT, EEPRIL, VA7V Z LI DB FREASEEL L CE=4
YITFTHLZETHRET O HETH D, /v AT V% Fluorescein Phosphoramidite
(FAM) fA 7 a—7 84RO T U L% Cyanine 5 (Cy5) fiEA 7 1m0 —7 TPCREUSIZ LY
RS E, TNENDOERNBEEZE=F—T 5, /v 7 AT VR 1IER (T Rr) IR,
2R () OBEIL, J0?D DNA BLAIA 2 fEAFET D72 DIZ, PCR VA 7 A3 L0 D7 B
PECHOL RO B SN D FEMBRIIEICY 7 M T5), BARDO T U VIEIARE « ~
T LB THRUERHERTH L3, 2 v 74 0T VMEEE TREIND Y U T VER
ETHY, BAIF~AT R THDL, ZOHHBENS CaERNEOLNDTZD, ETivhk b LITHITL
TR ELD T T 7T, BERSBOREE~AT O REEZ L LIC, HETDH~TAD
WREZES LAY,

ARV D Kl4-tdTomato M~ 7 A & K8-Brainbow W~ 7 21X, i STOCK
Tg (KRT14-cre/ERT) 20Bfu/J i~ 7 A & | B6. Cg~Gt (ROSA) 2680t A6 tdlonatolize / 1 Jz v7 2 iy
Y, STOCK Tg(Krt8-cre/ERT2)17Blpn/J M~ 7 A & | B6. 120P2-Gt (ROSA) 26Sor*™ (€&~
Brainbov2. )Cle / T - 7 2 oM T oD Z L TIEH L7z, TR TCOBE~T A |IFRE~ T A%

3.1-8
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AWz, EENlfr~ U A 38w L. 7 XTHhA~Ta & R250, RO, Rk
IZ PCRIC X W Bt o¥EEIT>T- (¥ 3-5),

ERRDFER (—H)

tdTom

3-5 : fEAT I F1 ~ U A DBARFRLHERR (—11)

WIEH LTIe~ U 22 T, SR EEICH EME X EX T 7 = VR GESEK G
B\ ZOWTHRE 1T o 72, Kl4-tdTomato M~ 7 AT\ TIE, SCEK[10] & B FITCAEE D
FHERND, FEXF VT = EITARE 25 g H72V 1.5 mg ZANIE TORRRMIRE & Lz,
K8-Brainbow M~ 7 A2 DWW T ORE 2 LL I Rd, BAARRIZITK 7 #E D K8-Brainbow
f<= 2Kt L, HONPUDEEEZHELTBE, 26 ¢H720 0.2 mg £7/21X 1.5 mg 28
Pem# 5 L7-, 3 HEICMEH L, LREBRILT-, A~ CEER, % DAPT Jefa L,
FAREI L 21TV, RIS TR 21T o7, T ORER. Kl4-tdTomato M~ 7 2D
TR DRE 256 ¢ H72V 1.5 mg TliX, £< O LMl THEEH /37 B BLL T
oo —J7T0.2 mg TiX 1 BT 1 EREDENY X7 EEREET HMlaPBlEs -

(¥ 3-6), ZNHDZ LMD, K8-Brainbow M~ 7 2 TIIARE 25 ¢ H72V 0.2 mg % A
TORMBE LT L L L,

3.1-9
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K8-BrainbowAE¥X7x1.5mgtk 5%3H

, RFP, DAPI

DAPI(F) THEELEEHNELE

3-6 : K8 Brainbow ¥ 7 AZHBIT A X EX T T = BT

4) FLob

QD F1 ~ 7 AD 5 b, K8-Brainbow F1 i~ 7 A |ZHSWNWT, ¥ EFXT 7 = L 5RO
BEtE T o7, FORER, KEH25 ¢b-0 0.2 mg AT RAIBITAHAXEFY 788
FEETHLZ N LNE R oT-,

3.1-10
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3. 1.2 HIMRRL BB ER R 2 W80T < 1T X D i Ehse et

(1) HH

3. L1 ROVSTIEEE L TICRMN L2 X v 7 = UG8 LR 5EZ2 v, 0~2 Gy @
FPHD DRA TR E THE R Z BBE L, i L723URICR W T, 8% v B a2 R8T 5
OB 2 FHEIT 5,

2) HEBRI7E
R FED I B, v ZAOMEFF, BEFAHE, #EXT T = &G, MBI OFLIR
DWNTEVEE IS 87 B OV I E Yl DN TIE, 3. 1L 1 TR B0 TH D,
ONVEir 3T
AEXT T2 BREGLERBIC, o~ EZTo70, SHOBBARRII Y A%
A, o<t (P Cs #IFH. Gammacell®40, Nordion) (2T, 2 Gy £ COMpEZRBE L7~
(% 3-7), FEHRISHEITI R & AR BERIC AL, BF T — IR LT,

X 3-7 : o ~iagHEE (o ~tL)

(3) HBRER K OEL

WICHEF T T 2 2R G Lz~ AT L, 0~2 Gy OFPHI HIRA R Ttttz
FRET L, S L2 LIRSV T, 407 v B A2 R BT 2 a0 B RE 2 51 L 7=, 7 @l
K14-tdTomato M~ 7 22X L, H O UOEEZHEL T X, 26 ¢H720 1.5 mg ZfEHE
WG LT-, BRI, Ho~vvMIcTHy~8%2 0.1 Gy £7132 Gy B L. fAE 21k
e L7z, M, 48, 8, 12 (v X2z 11 @, 15 @i, 19 B & 72 5 )
TRERIL, FRERI L7z, A~V CEER, % DAPT Jeta L, MfEII LA TV, JHE
RBAMEBEC TR 21T o T2,

ZORER, FERFRIT YT 7 2 0B E5%, NG 12 BICT TX, HFEVE(LOFE
FEIFRE SRy, B & & BICREE X v E 2R BT D HEN (7 a—2) MK
RKLTWDHZ Enbnbd, —FHT, 26y FESHETIE, FEXT 7 = 5% 8 E TILIE
HURRERIRR 1T 7tz.4ﬁk#ﬁ LXNEN, 12BTIEZ v — UL TnD 2 E R RN
Shiz (3-8, WL b ak# CHHl E 7= 58380 .

3.1-11
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BRI EX IR E
15:@ & (818 1%)

DAPITEFELHMEEHMNEE
(BTHERY)

[X] 3-8 : Kl14—tdTomato = 7 A & A N=FERRERE (EEY) &
2 Gy fRIZ<BE (TE) cBiTba 7 a—rY A4 X2 (RIH])

B SN EBRIZOWT, 3 RITCEGIENT Y 7 b Inaris (2 & 0 RESES 7T L2 ERlb L
Too REEIET 7T HONWT, SEIFRmEHEZHFE L Lz, K 3-9 TIXEBRICERE L7f
T, ROARMOEBICIX, ROELE 7T Ve Y 7 b7 TRESEE ) 7 & KH
THRLTEY ., TOEWHALOMHEENKO LN TRENTNDS GRED .

3.1-12
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Ef&T—2DHUEAE (Imaris software, Bitplane AG)
ZRAZYIEERERN., BT FILOREEEZEH

Detailed
Unit Category Time 1D
7714.79 um"2 Surface 1 9
8411.58 um"2 Surface 1 3
16126.37

3-9 : EBMENT Y 7 b Imaris & W72 B8 T — % OFfE (—5)

W S FAOFRmEEFH L, FOTFKE LT ey FLEbOEK 3-10 ([2RT, K
B, KV 7Y U TBEICBWT, EREN 2RO~y A E G, BElOF 3 LR (G54 1
BR) TEALTS 10 2T OEGZ 7 > & LTERIL, T Lo, FOTBIE, H/ME, 5 1Y
LA, RIME, 5 3 USSR, BKEEAWT, YT DN T Y FEbnh 03 ER
THZENTEDL 77 ThbD, %777 EHIZINTRENDIDIFTITIVETH D, Fi-,
WUEHRHTIZ SPSS (IBM) Z V>, Kruskal-wallis #iEIZTIT o7, P<0.05 245 (%) & L.
[ 3-10 FUTR L7, X 3-10 b bbb K9z, ¥ 3-10 @ 1 £ DOIERGTHED K #RE T
I, #EXF U7 2 EG5% 8END 12 BIZHT TUIZOEMILEIT/NS S RoTWNDH D, IRFfH
LB E— U PIERLTWDZ ERbnd, 2 6y FIXSBETIX, #EF 7 = 5%
8 F TIFFEMBRE L FARIC 7 m— U LR LTz, RS 1272 b & 7 e—2Ng
B/ LTWA Z e D, 0.1 Gy IS BETIEZ EX T 7 = V%K 4 05 8 I
DT TR LT0DEn, REIFELL TN,

[ CHEATRE a2 A DRA P T EITR LTZDNRK 3-10 D 2 Th b, FEF T 7 = %5
% AWTIZO. 1 Gy HIES DL EREICZ a— U BN IER LTV, 8 BTIRBEE TIEAR<, 12
WHIZ7 D & FERMURRRICEE A, 2 Gy IEKBETAHEILZ n— 2 03/ LT\,

0.1 Gy 2o\ Tk, #EXFT 7 = U554 4 B THOBECIER, AEICZ n—r Bkl
TV, v~ ADEEREICEGET 2 REE G H V. BIE, SEHMRET 2 EDTnHEZ A
Thd, FEXTT7 = 5% 128 TE, FERFBICHS, AETERNB OO, BAER
I oTo, BRHIMICITIERAEE L OFBEWAEBLILD D), BIE, MiitatEd T 5,

G2 EELEX VT = R ESMEZYE LT- K8-Brainbow ¥ 7 AIZHOWTIE, HAE, K
L BOBREEMRIFTL TVWDL L ZATH D,

3.1-13
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20— Y4 XDEEL

1. Time course (FEE &)
M 0.1Gy, 4w M 0.1Gy, 8W

M 0Gy, 4w H0Gy, 8w W 0Gy, 12W M 0.1 Gy, 12W M 2Gy 4w HM2Gy 8w M 2Gy, 12w
800000 1 i BHGO00 S 800000 1
700000 B 200000 - 700000 1
600000 600000 A 600000 1
500000 500000 A 500000 4
400000 - . 400000 - 400000 * %

o0

300000 1 300000 - * 300000 A T
L L]
200000 o 200000 - . 200000 A
2 : |
100000 1 T * —— 100000 ! ﬁ !
| 7 i i

0

2. REKRFH

MWoGy 12w M 0.1Gy, 12w

M 0Gy, 4w 1 0.1Gy, 4w B 2 Gy, 4W W oGy, 8W H0.1Gy, 8w M 2Gy 8W M 2 Gy, 12w
*

800000 1 800000 q 800000 1  —
700000 - 700000 A . 700000 1 ¢

600000 600000 600000

500000 1 500000 4 500000

400000 - 400000 4 ~ 400000 1 R

300000 1 * % 300000 4 1 300000 A

200000 1 . 200000 . E 200000 1 s

» o
100000 - I 100000 ) 100000 1 ii
0 _—*l o- 0 E

3-10 : K14-tdTomato =~ 7 RA|ZEIF B 7 a— 1% A4 XDOLEAL,
(1) #EZ L ORFMEL (2) B Z & O ER T
%1% P<0. 05 7~

4) F&o

7 WE K14-tdTomato F1 M~ 7 RAZXEX T 7 = U 554, 2 Gy FRE L. 12 ERERER
D~ 7 AT T, B, 3067 AE < E 2RI D MR (71— 3 X)
NAEBICEDTHZ 2R L,

3.2-14
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3.2 HEELET VI L DMl OB REMENT (BEEEd « KT

3.2.1 I AEOERT — X ZHSNWZEIE T A — X OHETE

(1) HBH

STTCEEICHE L 2 TR 2Oy I 2 L—ya VBT VRN, w7 2AFERT —
A HBLCX HHEENE T A —X DHEEZIT I,

(2) HBrFk
Y Ial—yarTAal Xa

BRI IS LT 2 T T2 I 2 b—2 g VETF A AR CHAT 5, &
Ralb—va B T MVIAMBEBOA A —U 7 — 2 2 E LT, 50 fifg X100 Mg 2 &
TS ZERIMEIEIC o TR . ETZEMERRMICT 22 LT o THEORMEZBE L
TWo, ¥Yab—rar7Aal) ANF, 22 LICERE SN -Mdof T, fERIIZE
T oMlazyi®@iXin, FoRiEET2MENDHL T, il AnEby NEZ5E LT
Wb, ZOMIBOANEDY 2 1 HALKREE & U CHEROMES ANEDY , 7 a— 48
DD B> TW R Eiskd 5,

50 I X 100 AL D 2 RIS F22[ 12 5000 ML A2 ARRIICELE L, TN e s s
n— R SEMNET 5, EPELEC ;ofﬁtﬁémm%&mb(jk)&w’%ﬁ’f
ETHHNIELE TS L BIENTHEA. TDO A~ ED (4, k. (G-1, k). (J, k+1) .
(J, k1) @ 4 tmﬁb%/\f”L/\@&)%?FMEE’E%L b &L Tn5, J JFAzBE LT
i\H%ﬁﬁx#%ﬁELTkD 0. 749 ORI TISRIENZSA. T,
749, F0 OZERINAFAET DM b S 8MEMIC 72 D, —T7 . k7N %LT v RN EE SR
%@%WELT%D\kaﬂ9®ﬁ@#%thiﬂtEA'Bﬁ%#Eﬁ%ﬂ“ﬂbf
FMDETDHZ LIRS, MEORBINCT I, AR LM & BRI T s (FR7R 5
}:ﬁifﬁ LTk, il LT, (J, b OIElFomiang it Egiia 1>, aibiiia 3 205

LR BRGNS RIEN D ERIT 1/ (143s) E RSN D, AT M RABIC L B

_&Uﬂﬁ%%wéogmi9 L BT DA & AT DM A SRR DY, Mo
ANNEZZITH, ZhnvIal—yar ETO 1 ATy AR5, ZOFEITEMER
FTEDILD Moran £ T VICEMEE G HO7-T 13 AL R->TW5E, YIalb—v
2 BT ORI T X TR ANED D AT v 7HOMFHETH 5 5000 A7 v 775 BLE
TOFMAIO AFVE D VT2 RIS T2, MO ANEDLY Z2FAT LN D,
WICHIED 7 0 — BB OWEIRCILN Y 2B 52 Lick-> T, ZMLETHr n— 8
FERREH & & I T D2 D &N TE D,

C BTG A — AHETE
EDOYIab—va v ETICH LT, BRI & S L 72 B & S L TR0
R RREBRERRIC L A o — Y ROLEET—% (K3-10) 2V, F—FI27
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