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AFL., BEMBICB T A2ERBRHBEZITOT-OICHT LS ER LI HE [ BB o —=0 7]
DO7m kv —/ VNI & BGR LT,

FETHEEEICH > T, RNY > Y U5z e LT RAARED %4 VT, 96well 7' L— b
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LCELh, BB o—= 78T B EERFR S BRMLTE 2,

TNHOEKMERE 2T, BERAFEHHZEATICHB VT 1 mGy/H, 20 mGy/H 3 X OFER RO
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I, —BRLSAENTZGE 202149 A 6 HAEEN, BSAEENTZ G BN 11 A2 HAENTH
STeDT, ZREh, 8 H17THE 11 H 2 BRRIE<RER &7 5, 202049 H 1 HITHIE< B
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ZHWT RSB ERHELS%IT .
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[ L= R OWNFR OB %2]

SEOEX, G4 v U ATHE LIEERE NS, GO BT TIZAL TWEEREZELGIWT, H
RAE L L OHUR R AL B FE BNICRIE T 5T Z L C T\ b, 22T, G4 v U A TR S
NHERONREARHTELRT 5,

R B2 ) —~EOERRTH - REREN 1 SORET OI+H LX) 12, FEmEET
LHETHE, ZOITERBIDRZE LTS T L RO TR~ 2 1 EFRIZIE 2m HOH 7=
RERNBMD D, bbb, Gi i~ T AREF-> T ERE N E & | F- A& BRI b
STZRMARD Gitl = 7 ADFFD | Pz ) O BHL Nivy OBIFRIT

Niti = Ni + 2m < o- - [1]
LD, ZOWMIITAEUTEER 2m %, BEOFEIZ L > TESO m @03, S IO Nig R~
PR AE 2m A T VBIETIED Y | il B R m IS LI ERE L Trb b, 2
D G3 RZBEUZ, b LIHEARELE WA & ik L7z X9 CIPE, R L& O TOlRRIC~T oz
BTHEL TN D72, G3 THRIEI N BRERN G4 TIIAREHES L R D RENEL D, £
T HIEICE > THREINEERIIETAT ufEA TG4 O EOIEZRN O bRHTE D L9,
THEHWEZOD G XTREE G4 EELTDICHWE (M), Thbb. G2 0D G4 DFLWE
BEOHEME 2 T~Te#EEO 2 RS0 4m L2  WOKXTHEZ LN,
Ny = N2 + 4m -« - - - [2]
Uk, G4 7 AR ENDERNS, GO IZT TICHFIE L LD ERINLIERONRE £
D5
1) G2 ZREUUBRICHT-ICECTERD 12 1 SOIFEEFDr7an—2 2 LT G3 IT#EE L,
EHIZEDIRTONGA I 7 u—r b LTRIBET D,
2)  G3ZHELBRICHITICACTZERD 12 bRBKIC G417 v—2 & LTEIBET 5,
3) G4, 27 OHEWEZ G2 REICHKRT 720, G2 ZTEh 4 ILORMBFITH72ICAE T
TN 1/4 T O85T D,
4)  [FERIC, G3BELET 1 DOPFf > TWISEEPIZA RIS S I ERE L TG4 7/ 5 DNA /»
bR S5,

(R U728 B34 U 7= iR ook il

AETE &l GAS U ARENLRIE SN DEER, EOMMTAEUZER T 2720
DEEEITHoT, £, AifEE LT, BEEE IO TELS, B MO T ADS ) AT 30 B
xt2 Yy RO EKRKTHAHTZD, —RIICE—DOZEINMIIZ 2 [BIE U AERITEa AR
H5 O, ZOEDIC, IO TERBECEGE, EHLOPRFORICOIR~T oL THEND, 5
Wz D E, B L, REEAR. AT REATH, REAST RIS FER RN Sh 2B E
I, Bl LEERTIERLS, AUTABIBIZE > THERIAD o TofER & B2 D,

TANHE—] T, GO BT TICA L TCWELERIL, 20487 ) MiZT— 2 BT 50
T, GAF ) AbRBREESNEZERDO Y B, G0 TR SN LD 22T TS, ZOFER,
G1 ZgHELAMEIT 2k L7 LUVASSL, SR 5 & G2 RSSO S ol ik d 2 il 7
[ CBNCAELEFLWERS T2 Tx 5,
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T g E =2 AR IC R o THB SNBZICELL2ERIE, EfL-@Ey, G3 7/
LU TE 5, AT, K1 D G2~ T ARLEETAEY / MMiEHi L CARBKH LT G4
T BInBRIE SN D ERNGERINTIR, FRERNPELLMROR, a2 hr—A LD
BN AIRE L 720 . R A BRHETEOREN Ens, LinL, £2THO G2~V ASILOEY )
LR EREIEE XD RN S b EM LW & 2T TIZHR 72, GO IZIF/eW & ffE T 7= G4
BERNG, WIS, EOMRTELLEPLUTOFIET KL —2F5, £9°. G4 THRtSh AR
IZ2WT, PCRIEA W THEWMEZE EFMRGET 5 & & biZ, filx D G4 DL THDH G3. G2
DIEIZZE DZEFRN EOHARUTHRT 22>, AR, #lo> T ML —ZAMFETE 2, FlZIEX, G377/
LR ST, ORI G3 I 3R A 40 R’ LIsA 5k L TE DI+
L<IFHFITHTZITBER END ETICAEULERT, G4 7/ L CTLEDEHIZ b ~T v #45 T
AL THREINIZEW) ZERHETE, G2~ 7 ARELIATTO PCR RGEITIAE L 72 5,

TANE =3 G3VURIAFELIESGA, ELONA OB G2 T ) AMIOHGEH SN DI T
b5, MHENTZ G DOHTHD G2~V A2ILDT ) LI FET HMNEHIZPCRIET hL—
ZRGET D, B L, EBHD G2 v U AT HAFE LARIT IR, ZOZERIT, G2 IR TE G2
DOINFH LT IR D ETOMICHTZICEUTEERT, 2O LB RSHELTAEEN
72G3 7 A TR SN Z LR bond, FEiE G2~ U ZADOMERT WS D7 ) ST Z DZER
DENDAREMEL H D, BIZIE, 1D Gl AN GO XN FiT- B R e ~T o
B TR > TV, ZOEENK 1 IZHIT 58HO G2 AKITEIR L, G3 DEWZ LT W
ICEBELTW A —2AThb, 7R L. BT EERIICE o TERINWFEER Tbb,
G2 7 /) ACHRMNCHBIH SN D ERIZ T 222 L2 HE LTHWDL DT, G3 XTI
B EN TG A ITHEICE ST ERICAECLERTH VBRI 5, FEEIZ, Gl ~ 7 A0
T ~T e E LTROER I, B0 G2 v v R IC~TaESE L TRHENY 5, &5
12, G3 B TIFEHO~ 7 ACHREENA 21T TR, AEHES L LTHHRH S5 TRert
N, 2T, BETFHRERTIT R, BRIZELTLERN A T NVEBIR CTHRITIRN
STAER IR DTN 5,

TANE—4 G2 7 Y ARAAE LTS, 74 Z—3 LRKRIC, EBLOLR OB G2 7/ Al
DIHRHEINTZERIZONT, 20 G2 OHTHD Gl ¥ VA 2EDT ) NMIFET H0S 5
IZPCRIET R L—RKEET 5, b L, EBEHD Gl w7 ATHIEE LTI, £OZERIT,
Gl ZHEIINTE Gl DIFT-H L <ITHE 712722 £ CTOMITH T2ICA UTER T, T O Lk
TNZRELTAEENE G2 7 A TRIENTZZ Enbnd,

TANE=5:Gl ¥ U ADESL LNIERNAE LTESE. T CIC G0 v 7 Ao AR
H G4 B> THRL—ALTNDDT, TOERET, GO ZFEINNTE, GO DL R
IZBWTIIFIB KUK B S 41D E TORITHTZIZAE UTe B 8D ZOIP+ LR35k
LAENTZGL T ) ATHRHINTEERTHL Z LN ZORFETT TIZhN D,

PLbE. 507 42 —%ET 2 Lilko T, EPOMNKTHD TEUEEREN, FL—ARFEL
THEETZ 5,
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[FEHA R & ARER O]

UEDBLENG | FFHRERNMICO THRIETE D G2 5 G4 HROMIZIBNTA LA R
PIES5OO7 4NV —THBTELZ L E2R L, LU, #HE<FRICBWTE, 5 207 ¢
NEY T THRBFETETH, HIEICL s THBREINZERIZ, 1 HET~T AL L
THRESNTEBRERENEEGENLTND, 20012, K1IRTEHZ, RSz ba—
NEZRZFL GO X7 0 b LT 5 2 & T, (SREKFBRO ERAEFIE I X 2%
WAL T2 228~ 0RME LTS, £, BRERIT. WIE FROEFICO
HIMEE I, BRERIZE - TEM LA REUIWFE R CR%/R O T, HEHTIC L > THER
ZPBINTELNENRBELIT ), o, BRBEFEL LTRY ) MG T— 2 25T
B, BTOHIIECTRHERIZEBWT, &9\ o7z DNA BSR4 Uiz, BRASRT K
IVFENT S RIRECTH D, £ 2T, 16k, mfEIE< THR SN D L 5bivd DNA _EHYW, %
NI L > THELDZRERRE, RE, WL & W o EEZE R (structural variations) 723 ., 5315 7>,
Fo. BILEETROND GCXT 0B TARXT ~D F T U AR—=2 g U D070 8 BRI
HREET D,

(FUARAETALRICBITDHERERT — X Db h~OIMEOZ S L BB EEICEToE M &
~ 7 ADFEFIZONT D)

AL, DI, YURAREETARICBITDHEREBED LI ITHEMICE b ~DFEEE M
5 ETIERTE S0, Flo, ZRETY ALY 3 7Y a U OISR I
TURHRICEEICERERFERINTE2H00, b b CIEAMICHERMES <M S 7=png
EAERNZ LITOWT, BEEED, HESHE GFEERD) KOtoTnr—7 107

(SRR 3)) CTRBFEER L,

b MBI B L LT, AFE, T 71V ERFERIEER L ZOFED
KB WGS 2 W AR SN 7, DR 105 ZRICE VT 130 ADT-EH L LS ITHRE
340 44 D WGS 7 — & Z FLRMT U, B 72 R B2k U CIRHEIC 36 10 2 11T < TR D 7 W EEHT &
s 5 L) Hikd LTHHME L THORFDORKOMITE S 2 5WETH D, B & 18
DOHIE S FEIE. TN 0~4,080mGy  CEIIMHE 365mGy, F1 9 29mGy) & 0~550mGy  (mean
=19 mGy and median=2.1 mGy) Th Y ., fEARLEICHEEDLL T, EONT TV —IZBNTH
ar hr—AfELoEVWRE B I Tz, —F T, ¥ 7 ACBWTH 4Gy 285 L7-#H
MBAENTAF~ T ATBT D RERO WGS ETREIAS 2020 FRICF SN Y, BB TR
CHNZFEI L~ U AMBAEENTAFY U A EFEREZTR OGN ST b DD, /NS IRIRARIZE
RO I BOY T ANGAEENTAF~ T ATIHFHERICHEIMN L T\ 2, ZOEWIZDONT,
TTIC, ERSEAD T n Yy —T 4 O THRERE LT, 1) T/ 74 JHIE<ITB W TR
BEORSIIH DL DOD, ﬁﬁﬁk%i<%ﬁﬁ%%?@wo¢@bz\vﬁxmﬁwéqw%%
<ot L, EEREOLEG, RMERTEMCHIIC L2 L THELE P B TE ho
T AHEME DS B B, D?ﬁ%@%ﬁ BIE < %, EERH3ICEE LBRERB - L bR Sh
TN EBRTTITho > TV LRI ARE LEFEH TS, —FH T, T/ 7 A0 ak—
N CIIEEBRG N G770 & 2 U ERB L T FELDREEN TS, BRPEEEE R E
W) ERR R T ORBUREBIIEFE LG EG . EEZNC—EHMIE T2 b5 TRV o BhEs
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N7 —2A6%<, 2O &bt MIBT DI CTIT—MBANSZE RN R 206 72 W% < i
HrEan s afaEtE a2 R d %,

WIRAAN S, B MIBWTAKRERZERT S Z LITFFSNT, BEHRRIEL Blco0 T, #
BRI HIMZHE L CF— 4 255 Z LIIRAETH S, b MTBO T ATRER 7 — A
. R EEOPIELS FPLFEBHERICBIT 2HIE< oL Icb &b & PHIERREE, RECLT
BIEL LT r —ADBBUEEAL TV D, ZOHE . IS KR W TITFERIC S £ I E R T
~&%%ﬁbf%ﬁ?ébw@woﬂ@%@%i<kbfﬁ DB DIURBRZW-OIEH. £
o EOEEFRREIR O, FELETET 2HAICIIZEIBENIICOZ T2 LB biLd,
IR ERERE FH 1T, AR iAumA®EW~%0T%@ﬂﬁwkﬁEéﬂé% EELAN
TOMEEZRD B, MELBA TG IIEEBIL N GBS 2 L 2R END, ZDIENIT,

b MZBWTiE, ﬁiﬁi%kiw\%@@Eﬁk\@ﬁk@&wﬂ6%@ﬂ@@@wﬂ§%f
HO., SIHIE, BEOETEROEVDIND 720, BEHRE #2842 v MEMOORHEL X9
ELTH, SEIERBREEROEVD, MHINLIEROEWE LUNRINDTZD, T—X
DR G NEET, WEHREIZBIT 2 AEEBHICKK R E > TV D,

~ 7 ARG & 2 EERARAT TIX. ARBFZED X DIz, AR, RRESR. gaE WM. g
SHERAR &, T RCETL > CRHE L, EEICH 0T TRz s 2 E N ffEThH b, B hT
ERONTZFUETTCLNEONRWE D REIXS EELED I EHE T T, £ET LR THIL
IXLEFRIT N AIRE T D, BT VEBRERNE ZF T M IMETE D0, T O/ME rTREHLPH &
RIS A B0 T FEBAREE DY . WGS 15732 S S e R B N ATRE & Zp o To W E | HELED 5
EMBLE FERL IR HI -T2 ZATHY . b hA~DIMEIEIZHOVWTIE, & HiT, EEREE#HS
RS2 &L A% BRMANICH RN L T,

Vo R

LHERT, ~ v AEBR, EEEMEER, T LT, BT T VHERIBE L . BOTMEEFE &
L THEIZH DA DbEZITWV., a7, FE8m T, 0.15mGy/day:§ﬂ;ﬁrfUﬂ“ﬁfF&i< ~ 7 AD
b, FEL B Ml L~V TH TR n—= 2 JEND &Y Mg T — 2 B3 H e, WAM
BIRET b EEEELD IR SN D ey, & HICWAME 7 /L 2 K & R BIE <k sk
LI ME T — ARG o, £l2, Zhupb, v 7 A EER L~ L KOHIIE L~ iz i
DEBENPEFRIRH SN DIZH20 | AR EHHARIC L 2 EMHECIC - THFERIN I LR E
HARBNTHIE 35 FIEIC DWW T H3PEA N —CHLE N L B R ARSIt 4 L v Bk L,
HIFEEEIZ G R L TN BRI 3 ik S A7,

VI RAEEELARE D F ]

20224E 8 DL MEFRBE IR, ~ 7 ALEMRIEL & & DICEPATERIIC X 2B R L RS
D D, 20224FFE X, L <IT, ar br— BRI A, 0.05SmGy/H, 1mGy/H ., 20mGy/H 5
7R HRERICE T 5 RHIEERREIE Licv o 28NS, G4t S L <GSR~ 7 2245 T
&5 Mg L BERBNEIT O . MARBHCEB T 2 MM CIE e N EETILROEHE L E1T
D12, 20224E L, = T ARIIARR B F IS T RS ) MMREFIC X D RS R A B H &tk
DD, R LA RAER T, MR, AILBEE A L, WAMET L 2L ETHHBET L HEL
T, EF—HIZESEBREREIRIE S OFBOMNT 2 20224FE (CBthT 5, Db, H#H
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LB B DR FEFT H A 20224 K & & HICENA, 10H IC2RHE#HEZ1TO TETH D, 2022
FEOHERARE LTL, 221FE12H FTICEBES#ER IO r v —T 0 7 & L TRsUREER

L7 SURAREIE & N U AT 2 e U7 IR BRI < e B A G35 729 D THE5E N U A
Frik) %, 3 CIc TZEWE IR ZNx T, GRS fIRE & 722 2 AT 71k~ L BE AR D
T2DT, 20225E9 A IZBE SN D A A YRV VARV U LA THETE TH D, AT
MECBRRE L B n—= 7k 2 AW R D U ekiE < 28 0 M
BRIV VR T A TRETETH D,

AN E Z AT, 2Nads KOWCsOMEHEZ ZNZN O Y IFEHE CRIEE =% —L T\
D, b, BEEFHINEEZ AT, B ORERZRE L, LY Ef/edosimetry%1T 5, F7z,
< 7 AZENCB VTR U= R THIEHEEF LI NE L 58S, -, BRI THE
SRR ENE S < 2 & A FREOFERMNT C. BIR 2T — 2 B bhizD T,
FFFEHAREIPNIC FHIE] H ) & 22K T & 5 & 9 20224 & REREFHE OTFREE 217 9,

HARSE L 72 H20234E 13, MEERIBINSEBRAEATIZTH ETITITES L b5ET L, vV AET L
RGN Z W T2 EBRARTRE R A . & hORE~FETET UBEL L7020 2 L2 RT 729,
MEREPIEIS L OMAAREE CEBRIITIRI Lo B R T — & 2R % A LN FISHEHIT 2 52 T S ¥ 5,
SRR T, (MREREUIE OREFMEL L THYL S5 & & bic, BB T /Lo A
SRFHIRERE S THLMI L, FERLE LTRETD L L b, EREELEZ BT, &5
BNT=T —Z IS BRI A T 5720, 20234 IS, TSRS, ET—2 0
DEBFERE CARFMAEZ BIE L, AMFROEEMELZ m O D & & BT 2 AR 2 7 5 fivE
DFIAATRE L 22 UE T IS HEBRTE 5 L o7 — X OAKIEMR b BiE7,

Z DOHFFRIZEIT 2 BE £ TONFERDL, SHk
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irradiation.

Yoichi Gondo,! Yoshihisa Matsumoto,? Yuichi Tsunoyama,® Jun-ichiro Komura ,* Satoshi
Yy
Tanaka,* Mizuki Ohno,’> Minoru Kimura,' and Hisaji Maki®

1 Department of Molecular Life Sciences, Tokai University School of Medicine, Isehara, Japan

2 Laboratory for Zero-Carbon Energy, Institute of Innovative Research, Tokyo Institute of Technology, Tokyo,
Japan

3 Radioisotope Research Center, Agency for Health, Safety and Environment, Kyoto University, Kyoto, Japan
4 Department of Radiobiology, Institute for Environmental Sciences, Rokkasho-mura, Japan

5 Department of Medical Biophysics and Radiation Biology, Faculty of Medical Science, Kyushu University,
Fukuoka, Japan

6 Division of Biological Science, Graduate School of Science and Technology, Nara Institute of Science and
Technology, Tkoma, Japan

Keywords: low-dose-rate radiation; genetic effect; next-generation risk; genome analysis; model

development

Abstract

The effects of low-dose radiation on long-term exposure are still uncertain. In this study, to assess the
genetic effects of low-dose radiation, we analyze induced mutations using whole-genome sequencing (WGS)
of mice and cells after long-term exposure. This year, we obtained WGS data from the exposed mice and
human fibroblast culture cells together with appropriate control samples. To bridge these results to humans,
we also constructed a mathematical model "WAM" and showed that it is effective for the previously reported
human data.

In the mouse model, Gondo's group obtained the WGS data from the original pair of GO parental mice
and G4 offspring. For the analysis, the standard mouse inbred strain C57BL/6J was used. The current
reference genome sequences are from this inbred strain; therefore, it is possible to effectively identify
mutations by comparing the WGS data with the reference from the own strain. In the cell culture model, the
Matsumoto group used the NB1RGB fibroblast cell line to conduct the originally designed "two-step
subcloning method" to identify somatic mutations. This year, his group firstly analyzed the subcloning
efficiency rate and doubling time of the propagation. They also subjected the original and subcloned cells to
WGS and obtained the sequence dataset. Tsunoyama group developed an original mutagenesis model
"WAM?", in which they set not only the increasing factor, as in the conventional the linear-non-threshold
(LNT) or linear-quadratic (LQ) model, but also the decreasing factor. Tsunoyama group has successfully been
applying the WAM model to e.g., various specific locus tests. This year they also exhibited that the WAM
model fit the data published from the radiotherapy process and the astronauts' chromosomal aberration much
better than LNT/LQ models. We expect the WAM model effectively depict the radiation effect in the low-

dose long-exposure range connecting between human and the model systems.
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