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Lexical Frequency Analyses on Two Versions of TOEIC

Yokohama City University, School of Urban Social and Cultural Studies
Visiting Lecturer Masaya Kaneko

I Research Purpose

The present study aims to explore whether there is a gap in lexical frequency
between the current version of the Test of English for International Communication
(TORIC) test and the previous version. TOEIC is used for various purposes in Japan. At
Yokohama City University, TOEIC serves as an exit test for a required English course for
freshmen. The benchmark has been set at 600 point out of the maximum possible score
of 990. This threshold, however, has been controversial because TOEIC updated in Japan
in May 2016. As Educational Testing Service (ETS), the developer of the TOEIC test,
announced, the update underwent many changes. For instance, the updated listening
section includes elisions and fragments, which reflect authentic speech. Both the
listening and reading sections include new question formats. In addition to these changes,
there seems to be an increase in lexical demands on the updated version, yet ETS has not
claimed for this change.

As research indicates, text coverage, percentage of known words in a text,
significantly affects both reading (Hu & Nation, 2000; Laufer, 1989; Schmitt, Jiang, &
Grabe, 2011) and listening (Bonk, 2000; Schmitt & Van Zeeland, 2013; Steehr, 2009).
Applying this theory, the present study intends to investigate whether there is a
difference in lexical difficulty between the current and previous versions of the TOEIC
test.

I Methodology
Materials

Since text-coverage research involves comprehension, only spoken texts and
reading passages were examined in the present study. More specifically, spoken words
from Part 1 to 4 of the listening section were analyzed. Oral responses in Part 2 and
written answer choices in Part 3 and 4 were disregarded. For the reading texts, words in
main bodies from Part 7 were investigated. Multiple choices were excluded for analyses.
Words or letters which do not affect comprehension such as proper nouns, inside
addresses, email addresses, alphabets in reference numbers, were eliminated. These
input texts consisted of five official ETS TORIC practice tests for the updated version
(ETS, 2016) and the previous version (ETS, 2014). A total of 10 tests were analyzed.



Word Lists and Modifications

In determine word frequency levels of the input texts, the British National
Corpus (BNC) and Corpus of Contemporary COCA word-family lists (Nation, 2011) were
used considering the fact both American and British English are employed on TOEIC. If
words in input texts do not match the forms on BNC/COCA lists, they were modified to
conform to the lists as long as they met the criteria on the word family (e.g., “shoveling”

was changed to “shovelling”).

Il Results

Table 1 presents accumulated text coverage figures on the listening texts. As
Nation and Webb (2011) state, marginal words, transparent compounds, and
abbreviations do not usually affect comprehension, coverage figures for these words were
added up to known words. To determine whether there is a gap in lexical difficulty
between the updated and previous versions of TOEIC, coverage figures for the most
frequent 3,000 word families should be compared because university freshmen are
supposed to acquire 3,000 words upon completion of high school English education. The
most frequent 3,000 words together with marginal words, transparent compounds, and
abbreviations yielded a mean of 98.28% coverage. The same words accounted for 97.96%
of the running words in the updated listening tests.

Table 2 illustrates accumulated text coverage figures on the reading texts. The
most frequent 3,000 words plus additional words mentioned above produced a mean

coverage of 96.94% on the previous version and 96.1% on the updated version respectively.



Table 1
Vocabulary Size and Cumulative Text Coverage for the Listening Tests of TOEIC

Previous Version Updated Version
Word families Test1 Test2 Test3 Test4 Test5 Testl Test?2 Test3 Testd Test5
Marginal words 021 0.04 021 0.3 031 051 057 04l 03  0.59
Transparent compounds ~ 0.96  0.86  0.67 1.27 0.71 1.13 .14 085  0.89 1
Abbreviations .13 095 075 14 071 1.13 1.14 1 0.89 1
1,000 88.65 87.74 8794 89.04 88.44 88.05 8852 87.81 8838 86.93
2,000 9585 9473 953 9555 956 9499 9468 94.94 9518 94.26
3,000 98.51 9829 9825 9843 9791 98.17 98.08 97.56 98.08 9791
4000 99.38 9928 99.16 9922 9898 989 9899 9885 9893 99.05
5000 99.67 99.62 99.53 99.66 99.25 99.45 99.59 994 99.52 99.46
6,000 99.75 99.96 99.86 99.83 99.61 99.67 99.74  99.7 99.82 99.75
7,000 99.83 9996 999 99.83 99.65 99.85 99.97 99.81 99.86 99.79
8,000 99.83 100 999 9992 9996 99.96 9997 9985 99.9 99.83
9,000 99.83 100 99.9 99.92 99.96 99.96 99.97 9985 99.9 99.87
10,000 99.87 100 999 9992 99.96 9996 9997 9989  99.9 99.98
Not in any lists  99.99 100 99.98 100 100 100 100.01 100 100.01 100.02
Tokens 2404 2331 2405 2289 2250 2737 2647 2707 2693 2715

Table 2
Vocabulary Size and Cumulative Text Coverage for the Reading Tests of TOEIC
Previous Version Updated Version
Word families Test1 Test2 Test3 Test4 Test5 Testl Test2 Test3 Test4 Test5
Marginal words 0 0 0 0 0 0.03 0 027 0.12 0

Transparent compounds 1.08 0.82 0.42 0.51 0.55 0.65 0.92 1.54 0.44 1.06
Abbreviations 1.21 1.03 1.01 0.68 0.63 1.05 0.99 192 068 212
1,000 772 76.63 7593 7853 80.11 7848 7859 784 7498 7553

2,000 914 89.55 9027 9245 91.04 90.18 91.33 90.72 90.06 87.93

3,000 96.69 97.55 96.4 973 9678 9653 9696 9582 9648 94.73

4,000 98.63 99.11 97.8 98.61 9839 98.12 984 9759 9824 9681

5,000 99.19 99.56 9852 99.07 9925 9898 99.51 9897 99.28 9829

6,000 99.53 99.77 9932 99.53 99.64 99.28 99.74 9928 99.48 99.06

7,000 99.66 99.93 99.57 99.78 99.76 99.54 99.77 99.47 99.6 99.34

8,000 99.83 99.97 99.74 9991 99.88 99.71 99.87 99.7 99.76 99.66

9,000 99.92 99.97 99.78 99.95 99.92 99.81 99.94 99.82 99.88 99.34

10,000 99.92 99.97 99.82 9995 99.96 100.01 99.94 99.82 99.92 99.88

Not in any lists 100 100.01 99.98 99.99 100 100.01 100 100.02 100 100.03
Tokens 2324 2439 2364 2370 2544 3026 3054 2606 2494 2839

IV Discussion

For both the listening and reading sections of TOEIC, the lexical difficulty was



greater on the updated version of TOEIC than the previous version. There was a
difference of 0.32% in coverage on the listening section. Analyses on the reading section
also revealed a coverage difference of 0.84%. These findings indicate that the updated
version of TOEIC might be more challenging in terms of lexical demands.

The findings of the present study should be considered tentative because of the
size of the samples. That being said, if future research supports the findings of the
present study, achieving 600 points on the updated version of TOEIC should be

considered more demanding than the previous version.

References

Bonk, W. (2000). Second language lexical knowledge and listening comprehension.
International Journal of Listening, 141), 14-31. doi:
10.1080/10904018.2000.10499033

Hu, M., & Nation, 1.S.P. (2000). Unknown vocabulary density and reading comprehension.
Reading in a Foreign Language, 1X1), 403-430.

Laufer, B. (1989). What percentage of text-lexis is essential for comprehension? In C.
Lauren & M. Nordman (Eds.), Special language: From humans thinking to thinking
machines (pp.316-323). Clevedon, UK: Multilingual Matters.

Nation, LS.P. (2012). The BNC/COCA word family lists. Retrieved from
http!//www.victoria.ac.nz/lals/about/staff/paul-nation

Nation, I. S. P., & Webb, S. (2011). Researching and analyzing vocabulary. Boston, MA:
Heinle.

Schmitt, N., Jiang, X., & Grabe, W. (2011). The percentage of words known in a text and

~ reading comprehension. The Modern ILanguage Journal, 95(1), 26-43. doi:
10.1111/.1540-4781.2011.01146.x

Schmitt, N., & Van Zeeland, H. (2013). Lexical coverage in L1l and L2 listening
comprehension: The same or different from reading comprehension? Applied
Linguistics, 84(4), 457-479. doi: 10.1093/applin/ams074

Steehr, L. S. (2009). Vocabulary knowledge and advanced listening comprehension in
English as a foreign language. Studies in Second Language Acquisition, 31, 577
607. do1’ 10.1017/s0272263109990039



B A3 1T D ERREMAESEEH O BLR & HR

RRIRTHIL KT ST E e &
B AL

(FF5EEAY)

HADOSHIEC NERHE OBEIC BT 2 BEMEA Sh-0lk, ERIERECEASR
MSSIB A - I T TH ) . F 0K, ERITERE TR L SHE T, 73 ToRE
S PNESENC BT AR E R BREREMT R IER bR E ShTng, BHIFIT
. KERHBEIERRI2EE0H 200 (RFERITEM) 1ICC, B OBEEERHONA L LT
NEREH A T A BB N H D 2 LICER SN T WD, T, &REHIEE HESWV DY
HY T ha—EMERA A R4 %8 Mb Y, TONEPERbESN T,

NEREENC B 2020 b LR OEAICITER T QW) BETIEARIEE
EIAIIIAIN TRV E S ICRZIT 6D, L, ER26FESHIEWRIEIZRT 5
BEA M B AR ESHHIE OB A, HEIEERERBIFTC L2 a—Rb— M Aa—
ROAFERE . SHOT AT 2OBIKERE L TEHIEOERERT —<THY, €O
G ERRSEI DN R T T RENI R X, B DA T, T D ORIEEADRES,
BRI A~DFIER R OBUR, HERICOWTEIROIER & &7 2L 2 B E
T 5,

(BFFETFIE)

ARFFEIISCHRFREIZ L V1T 9,

e HIEOLE LB OLBEOPFE LEEET Y, FIECONWT, EERHTH
T, SHEOM, SRpERERSIE, REHEAL VT e -l X2 EBIRBHEZIT S
S LTy ThbOEAR, HECEREICOWTHEMICESLE TORBEZH LN
FAHMENRD D, Fi, BHEFICOWTS, TECIREEBRENBIT CEROEIITEN
W 2R L CBEERH D E VD bOTPIT TR, BEERICS B ~PEHTH o
T HDNTOEVET AREN D o - LT DEHFI L HE L TR Y, WERHICET S HE
SEBEOHEEICEN Y BPRLNAZ Enb, TOAICER ULTRIOERHEE COEm %
IR OMNERD D,

W, PRI EIER L ORI BT A AT A RAE L. AR OBRERN &
179, BHFICOWTH., FROELREERH D L 2 AROT, FIEECHERE S DI
— YRR TE IR WVDRET L2V,

. PRSI DS DS~ OB BRI B OBLRIZ OV TIHE LT, TOMR,
RIS RS LT [ FE & O — R M I BT 2 15 1TV T, &%
BEI UL CHEENSREET D, NEHRAIICELTHLRETHY . 20X 5 RHEIED
it B~ DI AT DN TIRET L7y,

BT, 7 A Y B EEEEIC 2 S O ERLHER O IR 21TV 2,

BERICINLOMAEE LT, BIRGFET 2 MEOEHCHIRORE LTV,



WRZeBRaaEs S Cid, Pl L 9 7l 2 Tz,

()

TOED, ETIINEEENCET A RS OZE L NS CESR T 2 N
DNE LBRIZOWTEEEZTo 7, F, PRMEHRIEM BIgEICWT, #F R
FICE NERESNC BT AEENRBA SN TS Z LR T2z, ARFSE Tldaitkik
(BERAE) | —IREAE GEEFIEAN) WMz T, 5 REE (5 BRE) bRsst
%L LT, b i s BRI O IR 058 L R P LRSI T 5 2 8
L L,

(1) BATHEICR A NEHHNICBE 9 5 ERE

PR TSR

FRITEEICRES L 2tHE T, £ E CRESSREST OAICERL TV, AE
RENCBET AR E L EERRBEAHICHLERT AL L Role, EORBEIREHDOAT
HHN, REHTHNITHEHRESRESL LHR LD (R34853THLE) . TORE
. TR OB OBITHIES R OERICHEA T 5 2 & IR T 2 12D OFRH]£ OfheR
A DL OB IE LR T DD NER SO L L CHEEES CTED DHHI0EG] 12
DONTOREEFEFFERICELT I ENTERNE IR TV DD, BfiEOEREH
AVITERRES TCOBRELRITLRITNIZR SRy (B, & LICSmEEITHAIEE8%.,
LOOSRIZEEMRIREN H D) . L, WEBRITORTNIR RV R, U AT Lxhii
2 A N ORRD HNIHEE ZRE LAV E W I IRE BRI, WRERNRIZ OV TR
BOBEREERBEORBEL 2D, 7. BRI THAGSS RS JEZBER TS RVWEE
ik, BEEEBITORNAL L CHEEZNTRFIORENBEEERE L LTRDLN
%o

A AR SR R G RES

RE ISR EESEL T Va0 B I S - &RPE L BB 1 E T, EEStS oA MiRESRRE
AR LARTHIER B ARVWEHE, AR E0RENANREFICESEEET
HHTLEHRBLEBATEH LR ELS YA MEARESE L I THRMREEREICHE
H U2 T BV (BG4 040251HE) , 62, RIWENSEEFEE T LT,
Weg ot DR 5 REEMME OMUESHICR I MBEHEICET 2EE L OMmOFHROBEIE
MR FERT BT DICBLER D L LTHEFS TED 2 EFIZ 2T, NENSTTED D
AR VEME L EEE (UT TRERESEE] Lo, ) 2AMRERRESE L O
W CAERBEREIZIEE LT iude 5720 (&FEE245040451IHE) a8 Ty, b
BT B EROTERMEIC OV TORMRE, NHREIMEEORESEBH T O
TEY LYK eRIc e BER LTV D,

RIS —RRIE AR (— AN R O — M A IS BT 5 158

LIAT, BREENE LARWEATHS, —RIEHTEA - —RMEIEAICB W TS,
RIS REAL LTz —fRIE NIRIZIS W T, INERREENC B3 D REM R T bhvic (e, &
BRELTE LHEALRE) o —fRIEAIET653EH3 S Tld [BEOHBOPITRES K



CEHICHEET 5 2 & BHelT 5 720 OEEIZ Ofh— A N OEB OBIE 2 R 5
DI NER D E LTEBEA CED DEBIORI Lo TRy, FFE4HT, KFH
R A HSIES B O E A BT TR Y, BESERETHEAL MEEAILD
WTHERRTH D,
BEOBLICOWTS, R4 T, [ BEEEA L EB RO A & OBR
X, BARRBETAHEINED | Lo TRY, BEINTREIORE - MEIZOWT, R
RAOBREE L FROBEERESEEE2AY bOLEZILND, k., REFBITHLAED
FIETHHHBEACTORTERTH D (HE2785)

- ERR26F I IES LA

SFRR2GE ERTSHETIE,  THRE DS OBITRES R OERICEET 5 2 & 25k
(5945 7= D DIRH 7 OB R O EE OWIE L TR H IO NE R b D L L THEES
ATEDHEH O] (CERGFERENMEHIE8LAE) Lo TRy, EHEASICE
WT TSEEHRAHNE N F OBRSHE R OTF2A0 6 R DA ICBIT 2 EFOE L2
Rl A= OEE]  (SHERITRAISEKIESS) &\ ) LT TRl s Tnie
. FEOKECTFRAEONEHENICET 2 RERSMIETHESNI Z LITnoTe, €
OEBIE. EE, BRAE FOTFSEN B ERER (—ThE) CLORE
(I —7 ) BERL, i, BREEENER L CNDZ enb, Bttt LW
FOREICE 5T, ZOFEEORE OPRMR X OHEEESED CEER O L 2o
TV Bl Tnsg ,

TOL I BEEND . BB TIRIICHEE SN2 SIc L 58I, Dl k
HEEAAOICIE (F LCESITIT) RV EWn I ORSEHORME VI FHER SN THD

- k29T B AT

FRR2ORIC IR S 72 H 7 B VRTEE1504  (ERES24E4 A 1 BHEAT T/E) ~CiE, HPEM RS
R ONEEHHOTRIL, ZOHRETIEHEO I bRICET b0 (MBICETHFE, ©
DHREE S TEDHERE, B8 - YUTHRESICER L, o, BIEKITbhD Z L &k
\CRERT BMLEN D D L HE & USRI UL O RSO 5 b D)
OEER CHATHESICHES L, 2o, BEIThhD 2L 2HET O 0H# & E
B, BROZ U S X MEIMARIOBEE LTk bhn e T AEERIT (A1
H)

7 FHRSAOFHITHEIZOWTIE, FUHRICOWT, LEREFIOBFELZ T 5 X
ABHIRTIE R BRVWE LT, BhEBICED WD (F2H) .

(2) it

AT AE OHBT

NIRRT AT 5 FH ~OHAMT T, MBS TIINHRIEES o2 2
LIk 0 SHICBENE UEBAIT. £EPDIThh, TR ThIRV & IR EC
Lo TREFRN/BRIND Z LI2RB, LaL, IFEFEANCRO T, FEEEA TN
RHFBFERH D bOO, HBITEANTHTHRLSEH LTHRWED, T OBEMT



WARRRS S, £, BHEATHEZE B EBEAOEEBEERALT HERVR, —
. HHFEBETI. BACLAREMEROM, ERFRBAEIN TV DD, BRREAT
FIZEARRIT RN E WD SR LN R o Tz,

- Hi 5 BB OEORNEKSNCET 58 L BT

i ANEFER OB, BRI WIS, AW CEHETRES, ER
DOEBREIC L - CRIFND, Bt HHABEESGUECW ) RKIBOABAR L S
AR FEO L 5 REIEN SR —RIEAD L VT, IBALEE L ORPBERICLD
. EROKREE L VIBEER LTS, £LT, FORMEICOWT, BHFIINE
FTAEERERE->TEY ., ABBICHEA SN RBEREIT Ve Shd, Z0R, B
LA IR A L I BEOWENRR D70, FEOEEEA D DICONTE bR HE
BYETH D,

- 5 B AR TR BB TS ICBE Y S S O & kO Btk

HiF7 EIATE TR B D NEHEENE, MBICET A EEERSRE LT, Thidk
KA BN T SRR RE ER LIS tic ERT A RFTE., ZOR, HlBRES
AT B R O SR B Y M B SR O BB I OV TR Z ER YD &
VD BB CHARM B BRI D R3S D,

- SRR CHRAT Y D PSS ORESERIIE DL R DR
SHIETITEMEREICIB T, FREE~ONEHEH OME LB L T B,
S HEEEEREONA L LTRROBBEIFET 5B 5 L bTE T, HFH
VRERITIE, TR 5 BER M ATEIEAS S EE L, ThbOFRHENO
HEAOGHEELA DILonT, SHIEONIESLERPEET SRR D D,

- SEVE DR

AR I, HF BISEORNEEEIC OV TA XU ADHEZRA - RSSO0
BIE LTz, LA L, 2D OSEATHI CIIAREOMBIER L BIR 5 b O Tigh-7eic
B, B S & Lol

(3) £&¥

ARFGETIE, BAIIT 2 N ESE OB L e {TH 2 L 2 B L Lz, #F
FERME LA B . PIERHEHE I — AR AT O, T HIRRICBIER LTS, b
OHIFERIERITS % bR SIS DIEANER L T b D LB X bND 20T, il
BRI 54T B AR OB b HI B O3B s B A4 U 5 R DV CHERERY R RS 28 L 2
TH D,

R, AFFFRORMARERNT, BIET I RERELSP L RITOEL ST TARTETDH
Do



19 it A XU X » n= IR ADORKBHRDO DT
BEID LY DT — T DD

BE M KSR B - BR

A 5
(B3 E)
ABIRD H IO, 19t A 0 % - DVVW@E%@ﬁkwﬁﬁ@%%\%%%?~&
LW TR F Y b D=2 HHTETTD 2 2T, ARSI 5= L ThD, Bl

o5t A U723 < B 7o #3305 %&owaﬁinﬁﬁuhﬁﬁ@ﬁ%kbfﬁ
AWM. 19 A XU R« v U JROFFEAT, FZFRFHROMOFF ALMBA b & 2 E
DR OEER{THT22 & TCHMLENTWSD, A XU R« 8= VIROFFADIZFIT OV T
. TRETTFR L OREORE SRR R V2 AR 22 ST X 28, BAVETA
%< VN, A3 N BIGE % BT L o CEIERICRAT 22T, 4

Z o UPREFANCRER 2, F A5 %A@A:ﬁ@%&&%%%@@ﬁ%%&ﬁé:k
WCXD, 75va - FLyT 40 MBHEIICILELRT VIV ba—v=T 4 —RAD
SEICRT D, R m%L%ﬁ“éT”§ v A = THRETH D, MG ET DA

. AXVR oV RjRERETEITV AV T A U—RAT—R HIaxjb 77—
a—pY oY Vary-Fd—Y, Vag—Y . d—Frenfur N—— e By Yae
L) —DELADHFA LT B, T2 OWICHVDEERHL, HOOEMETH D,

(g I71E)

AWETITH 2 L1t A XY R - 0w ROFFHFAOEMEL S &1, FFAOTEN
KGR E Ry T — 7 SHRC L W RIEME L, EIREMA B Z L Th D, ABIETI
FROWNETIERL . FROA I T =2 EHH L Taryra—¥— L CiHEEITo L, F
EDIER b > CRKBUEMLEIRLSE LIz & H7a Uy AL L7 AR BARR DS 2 B A & LT
REETHIHFALZWMALORMICY 7 2EY, RS NIERREER LT

P gL LT, HADORHNOEMELED, KEL LZRAZELEMFT ATy
7 A LT, A YTy AU ST | BEAROEB AW T, BRTENTWD
F I TSR T T WA AT AR TR L, FIRE T 5720 1 MOMICER AN E
Wz B BB TR OV TR TR ERIEE Lz, EIAEMT LICRRIE T L2551
— L R B NDERAL S OWTHERE— L, RBICEHA, FEEICEEHERN 72 <R
HOHRL o COWAEAIRHIR L, 5 LTHALNIZFROMBEII880MF, / — FD
wHuT182fE, =y YOREIXIBETH 0T,

F—F ST OHEE, Y — & u w7 (2018) OFF L RTIFEO X v b U= 5T E BB
L, Fik# L BIRAOT v DIT, FEOHE 2 2 ROME CH - CTERIEL L e EL 2[5
Lz, fERLTeT— 4 %, Gephl@fmce—atlas o7 T Y AAEHEH L TRz LR,

EEEOWE . HANEN T LORERICE > TR0 e, Bk LT FIROES
HEE LRV, EEERIOIEFEARENEEHIIE . TV AL LOENH D & Bbhd
N, BEAFCTXLEROLERLE LT,



& 2

FTHORIT, A XV A« 0w U ROBHADOEHEN LBKBBRER Y T =7 BT
LS LERTH B, HAARICBWTEE RO AR ERAE L3 < AERFEEZR K &
FTBZ L Thb, FOEODREDROMEE L, N7 &EIE] (LinLog®— ) [EZ2D
OEEE] OFEEAABEML, ROOHEE) HEZA L TWD, %/ — NOE
B BROBEHLTCE - CHEEE LI L 2 A, BT ICHELE XIEND 1/ — FOBEE LR
PN — RMER Lieino Tz, Z0RHDT—ZAREER L, BAIEELETLEO
FEOREDHEE L Uiz, BH% 1 #BLHHECTHHE. BELDRPMRINLTDHT
B3 (Jacomy et als, 2012), FEEAMD ., EoMHEIT LTz y UNKEHNL, BEAPKE
Wb BES TV ARENSEWEEEFAD ) — RO AZESTFO ) — R % -
TW%, ToVDORNRYERD LT, FAOBMELFLE LT — 2 b L HER
DIRP o TNBENPROND,

Byron

Coleridga

Wordswarth

H: 19t XU R - ue U REFEAORS R Y PU—27

IV, LTOMERbM-T, H—Io, FREEIHTFORDENTHD, V—AY
R AL OIS ORFICFEREE > TV R0 D, TR, F—Y &Y
= U =13k - HFOEITD IR,

BT L RAIEOMY AVRVBEATH D, ZITEERDENI DI, [ED
FIEE LS TVBERY OFEVEEDZ & THY, RO LW O, MoOFFALELED



HYBNEWIEKRTHD, V—AVATHIEL Fay— - U—XTRA ~)—-7
ST envryy 7T onFryy el —ThE) — R U4 VT A
TRT 4y, F=VOEHITTar NIRRTy I BN
heng RoRPary 545 —, a—UyViFaN—k - $yo— g U7h P
Pr—, qunrchhil, var o wb—RETHDL,

H=C, BOMYANWERN L, BROBEBVEYEVRNDIRTHDL, VF¥y—F v
¥—Ea—nY v DU —XTZAOFR, PIax e U —XFT AT A LA
nyOHRE, VI axb e ARG — LF 44— RTUR, TTUVAR T YT
F A 5—T v R —it Sk, BAOFAOILROI Y 5V Cidd 2 MBI ALES /
— FBALET 5,

BN, BHEADOFEROELBENRRDLATHD, NA gk, Yary - v Lb—HiR
e bR T, TV T4 Fa—U, FTTRFRT—F F—HAZ )
— AN FEEAFYRTA L Th, Day oYy, Vary e BRI
YA B—EOMHEICKBICER Y E o, V—XURIHO Fu o —LFEOM, 7 X
F AR~ Y — 7T T e n B S L Eo TS, a— ) vy VbR
Ao S, BR—h BT Vg7 eab), BTT ca— N vV =T
Ve ZAFaT—hr, JH U —rbiIElkosTW0ND, Ela—n ) v VIV —XUR L

HBOMY BVNEL, 2 ) —FAf nr BBy HVnSy, Fled— Yo
SR S BRI e &V S B R 6N D,

(iR - E5)
HADORKERZAFERNCHE T2 LT, A XY 2 - av RFARKICH DN D
W BEAEMNMEB L ERBEROBER R A LN VWA D, BikE LT, FReH
THERE N -T2 ENFTbNA, U—XTU AL 08, A1, HA
LoTitl HORBIZCMES FREH Lz, AA v idBER L UBEOZE RS OHERHE
fint, HECEbLIFENE L, ERERE LOHBENOFREHTZLRBL TH- T
LHEAIS A, BIoHBHTHE Y ay - v L —ICBZL DFHREE-T-, V—AT R X
B < OMFICFEREEDI A THY, PEEBLTHAL LTERIZEHL TN &
NG
Fi-, LEOFHANTIEETH D, AR TIE, FRIEZB - THEDHB ZMEREL T
D, BRI N DTN DA DENEY | FHALTHAEZORISANDLE OBV RHD
ZENbhot, B, MELFEREELIELVEBRICH D AN, hoFrA L kmokn
DAENWTHIBEANHDZLIZEETHL, ZIDLFIASCIABOY—27 VIRIKR S T
EREMO LN bR TEXDEHTHD, V— b, @ —h PP — Vs
MRV V4/WX\74)7A AR 4, U4 VT AT E—EDFFA
%Ikauvymﬁkﬁﬂwzﬁﬁﬁ CERRTVRRARY 4 VT A P E—D
WX AY— 7»®£ﬁ%k%ﬂfﬁot_ i, 19t e = VIRFFA DI AB DR
%ﬁﬁ:%ﬁﬁuvﬁf%@T&@é BRZ, U— e N RV g e NIV Ry A J VR
AR AT E2RN LR EZILD HNE L LTCORENMBENTEY (Keats,
1972)\ T LA ER e VIROFAICE o THLWBHRICWND Z L1, UF EoFE



FNLSNOTRKEREIRT 5 FCEERER Th-2E B2 bND, < U IReFAD
MceYay - VI/HQJI\VX )R ear e ReT AT — TR e E—E 1o
7o MR & 45 U CBEAN Ch o 72 2 21, < VIRD URIEE 2 X 2 A REOFHFEL IR
THHDTH D,

0 UPROF AR L2 D AVEH BROEV A & OHRBIRIT, FNETHD
ME I DPEFEINCRET AHNERDH D, Va2 AT —lE a—AY v VOERE
B, T—RAU RS 0 b FRERDTORBOFRTHD, ELT7IVVA T —
VU T IEEEEDEANTH Y, BEMIC OV TOMNWEDLER ERFRONE L 2D, €
D—F, VF4— R T Y R, Y RYOEEETHD, L=y DIERFICN
UBRAEVREARELTWS, Y Fyr—F - vy —7F, SEBETHLIRRFENEN
LAY I TOBRETHY, o aVy—X L hlila—Ll y URT XY
A LB 72 5 T2 AT H B (Wordsworth&Wordsworth, 1967, 1:468), L7 A — KTV
FoYFr— R e —TBLIOY I 2T - D/“\’“‘x i, firE sV B,

12w UIROEFHME NI HA 2 R BEROBEMICEREBT & | FFRRERMIEE K
IR B, N BT HRORFITRFITE < ?f&%ﬂjbfdb) TV Ty Fa—D,
F—HAZ « Ve ANR=VFBRAFYRTAL « TAIBEANBERCH ST TH
B 20U v URY =T R LAY EVBZVOIE, R OfR C ik
WERT — AT R L AERHRICH -T2 EREBE LTHT Eﬂé?‘:% Vo F—VU :tﬂﬁ@
HALBEARDLED RV, F—Y 0D AVIIMOFFA L OBRREFED LD, &
MIEEL LTEL 2ot — Y BHRBRE Fo TR ETHATLl2dTH S 5,

PLEM, EEOX Y NT—Z S EB LT, A XY R - 22 U IRFFADORARRZ 0L
FICRELZBERTH 5,

(&)

Byron, G. G. (1973-1994). Byron’s letters and journals, Vols. 1-12 and
Supplementary Volume. Ed. Leslie A. Marchand. London: John Murray

Coleridge, S. T. (1956-1971). Collected letters of Samuel Taylor Coleridge, Vols
1-6. Ed. BEarl Leslie Griggs. Oxford, UK: Clarendon Press

Jacomy, M., Heymann, S., Venturini, T. and Bastian M. (2012). ForceAtlas2: A
continuous graph layout algorithm for handy network visualization. Draft.
Retrieved on 11 June, 2018 from https://medialab. sciencespo. fr/publications/
Jacomy_Heymann_Venturini—Force_Atlas2. pdf.

Keats, J. (1972). The letters of John Keats, Vols. 1-2. Ed. Hyder Edward Rollins.
Cambridge, Massachusetts: Harvard University Press

Shelley, P. B. (1964). The letters of Percy Bysshe Shelley, Vols. 1-2. Ed
Frederick L. Jones. Oxford, UK: Clarendon Press

So, R. J. and Long, H. (2013). Network analysis and the sociology of modernism.
boundary 2, 40.2, 147-182

Wordsworth, W. and Wordsworth, D. (1967-1993). The letters of William and Dorothy
Wordsworth, Second Ed, Vols. 1-8. Eds. Ernest De Selincourt and Alan G. Hill.

Revised by Chester L. Shaver. London: Oxford University Press



FRAT OB BOR & A RARPEALHE

MIET LR RER~ 2 DA v MTSER B
W i

(WF5E B i)

AW, HAROSTEICI T BEY B & ZAAICRET 5. FHC 1990 LR
DT B OMBLETRIC R 28T ORSBIRICERE Y T, BEBRICOV TSRS
F RIS D ORIELH D ESA, BIROBHEEER &0 X 5 Y ICHEE KITTH
X, AFEOERBELRTHDS.

(RRFTH1E)
SSHFFEE L LT, Abreu and Gulamhussen (2013) <PAshraf et al. (2016) D7 7' m—F i
HSUNC, Fama and French (2001) 5L OFPFER IR BEERE LRI,
HEIEEOECNRBEEN DS ~DEEBE PO L ICER LILNERS.

D)

REEORSE, SUTORL 1990/ LRI L e EAORKE KT, 2000844
72 %% CREMRKERHER LT, B0 THIUE U TREE S RA 2272 HIC
P LAY &0 D BT B AR OSAT IRV T BEE S D, Fama and French E7/1
Tk ARYREERE, WAOMICAROITECBEYTHD. TREEDOKEICELT
i, TeBEATn ST A ECOBMICRBOTE, RY~ARREENMEL A EHES
NRVOICH LT, [&RE4ET R T 5 FiEkORIOL, BYCABCADEEE
FHE S hot. CRDORBEE, SUTICHT 2AKERON 3T AORFERT
FiFcid, ARSI CHRBRY R OREINS X b CEEREREFOZ L ERR
LT3,

(R - BEE)

ST O LB ICT A OWIEIESRIE A E 0T & TR (Flovd et al.
(2015, p.300), Onali et al. (2016, p.4)). DR YBURMIRICERARFELKITL
#Fama and French (2001) 1%, H&IO#FELPERT 57201, SHFE ) b EFEZEC AT
LERRALTVS, BROES, REEHEMENEEICR>Thb, SITOHNT
2B SWTEAICER SN TEE B, IATURACE o TEERBRE FORAD
B0 FITOWTORFZRIID . AR OEAEZED L - L2 HIEY.

SATEMO N AT AT AL B2, BRSBEPEERBEHERLLTVWD. T
bbb, HMERERICHTEY STV S OEERRNLT Y — - ¥ v a2 BEET D
B ST, RS B OEIEI Ko TEITIR 3 & B 2MRRIEEREL T
ZmENEL BND. 1990874 B 2000 ORI T, HFIMBICLOTERR
MERARE A~ TV AT —E LTV Y, [&FEA T 17T Ay 23 FEHE S 72200247104
F ORI, BUFAMIE ORI 21 2 5 8T Iox L TARE L Bbh b B8
Bl oT\nE, TABEATT ST N OERICE > CERS—iE L THITOR BEEL



FIC R LWEEE ClETe L 9 107 o7, bbb ORIt L AR HRGIER OB %
BAELTS, BIEERICEBOTEITED S » & b EEARHEEL, NTIVHRERORR
BHERA L ZRICHETARBECH L L VAL Y. TOBRIZBWT, BROHFITENIRE
BRI, FREBRSBHEMLIELDE LT, 19994FEICHE L TV KPHEITOLAIRL,

10EHE VIRT, 2012848 O EFEREFHETOREL b > THBR LT LEY, KFRIT
OERITTNTCEXESRE. NTLOBREICE bR TRAELERREHEOLHE LR
MR AT LT, AR SR BENEAEIT20024E3 A ek CoRmkEICEL, R UK
HORITELEE LTADEARMEE A CIE LIE AR E ERICER LTV .
20024E10 B ICEM Sz TRFEAET 0 /T A & & - TICR BEHELSRIIBI D
L, 20064ELARR3%LA FICHIT 5 2 EiciEh Lz .

B TR L C R BAE M BT 2 A1 S SO Y AR BTN T Lb—BEe R -
TR TE, T LA, 190ERDBEND T&fEAET 0I5 PEBSNEGETO
HIC BT, RO D b5V IIRIBERTORER 2 AR T 5 & Bbh 2R3 #Z <
LTV, BT, 19984F2 A IC KRG 1L, $ITHRARMIEROFEHIEIC OV TRk
OIEBESE RS, S - FUEEOBRRHI~LEZEE Ui, F21998FE3A1C 1o FERE
MC B B BT L, RENFTET SHEMAO LA RMEICE SV CHFET S 2
LNTRRIC 2o T, T OO, MAIBEMORIETH o, BIZIFEROER PR
BB, 20024E3A FCHEA SN, TOREHNAV—NVEEORNRE ZA IV 7 hHHETT
2, FOEME, SITOERT S LORERE LSBT A MBIy L thoflE
T, 200042 A 10 YD &R AZEAZER TH A BHERIHENT, HhEO
HEREONEDH oD, EACAEREB-> Lo T EEW., EREZBELET)
Bl bWy TRELES » LTHEEFFAY . UL REEEEZRL, BREICE LDEIT
W A HEIS BORRBHEBOENL VWAL D, O L) RAREEITETREICK
XpMELTIT LI EbhS. Fl2E, 1990FEMA% LBV TEALERMaZ L)
7 8RITOIBWE L 174 % KEE L /-Hosono and Sakuragawa (2003) %°Peek and Rosengren
(2005) 1%, HELFOBBN - OX S T4 b L TERLLEHL WS, [&fE
a5 ) NI ST 20024E K A OB OBV AT, T REMEQER ORISR &
LCEEABREZEOZ LNE OHEIHEHSh VS, flxid, B- ¥y o7
(2013) 1%, T (CRBEMELIED) AN 0, MHEE KAPBARKICAD - T
LRI DR A B XN TT2002FE 0 Z L TH D EEEL TS (0. 71). ET-FEE
(2013) b T (CREEEAEICONWT) KERFEEZRL LD, @RBET 07T AT
B (o7) | (p.204) LEEH LTS, &2, Chakraborty and Peek (2016) (IPeek and
Rosengren (2005) DT NE % TRl L7223, 20024F F LI D BUF AR BB ¥ 2 FEHLIS
BT B0,

A AOITEOEYBEICET AH%0E, WL OPOBRICBW THERZHFKD. A A
VAR 7 RBINCET A ORI, —REeE¥EToX ) VT AEITREERFE ER
LT A LORENoT . L, SITERE~OH T A0H ) FIZET L0
WiE < 2o, T LA BATERE S 2T LA OFMEE BRI DRI, NTVREICL o
T LT RT3 0 S E S OB L - TERFMIARD O TWD. i, BUFHH]
WEERRE Z BT FERICBVC, RERENRF TH A, HAREROZEIIEE



SRRV E LRV, L L, EEEENEEIRIICHE- 78 &, Hflod VERITE
EARE R RETI LR’ VEDL. S5, B IAREESE LEE T REERMBEI,
2006EELUEIR B LT As, (AR EMICEEREELRIZ L), oW THTLbat
U ABELILTVRY . Il OBFEE, TEREET v T A EikORHICE
WY BN AT A DOREEFNRURTL W BRI TR R0 T EETRT

HADSITORRM L, B4R CHE LT, AEREES—HdHI VREEELETH
T, 19804EAD 520004 F CTX b TREMICHER LT\ . 1990FR I\ TR
ﬁ%%ﬁﬁﬁ@@%%%hbkm%ﬁ#bBf%%m&&ﬁD*ﬁm%ﬁéhf%@,@
IV 0 TSR UCRE B MNELY % 7272 HICHRE L2 &0 ) ML B ARDERITHEICE
WS BE SN TS, F7-, Fama and French &7 /VITER/ B ITRITHEE M BOR DL
BB 2> TV D, R EBEHEOEERARIICE O CERITOR Y IR L AT S0
ot LinL, [&BEETT ST A BNERSNIZHEORICZ > Th LA RICEEE
SICEERTH L 0ICRY, RRERLENSVRTIZY, BEYNEIEBINIBENR
BT L, HEBILBICRo T LD THESRE. 2o, BEHRBEEERE
L7384, E7ENBEOD ) FaER Y I —Ch LA, T REEEHRER ESEREIC
BRE L723Ba 5 WIHHERIL 2 $BUEGSORB TR GE, WIhb R CHEmBAER
BENTWD, 20064FEEDMRE, V—< « va v OFEEZIT R, HHERO
55 HEREELESLONDRVR, 20104 IOV T, SRk O REIBIR
ESRAVLOO, REEELEEZIICD, AEEFFROPABERME 2. THIiX20104
FELIRE, $RATOH AT ABENRYREBSN 2 L2RRT S, FKFRATERT T —4
I, Financial Quest (FASREHEM) TSRS WIBTHMBET — 2 Ic&Eo5<. T@att
MEEBAECFT A S 2 PIC T A RIBT— 213, F#T0 TAEMERREE] »oFAN
CHIRT S, REAKROTR BEECANESENR SICET A BERIT TN ENERT L TR
LARRHHE D R — L X—TUN D AFT 5.

KR OFERIL, SITICT 2ANBIREROTNTF LV AORMERT L & biT, TRE
FERHEE | b A HH M RO AL OB E KRS 5 b DL RIRTE 5. £z, ZO/KR
m,&<Ké@ﬁ%%ﬁ%ﬁéﬁ%%%@&%ﬁ%bbfﬁ%@%é:&%%%?é.

BENHEIIKROBY THD.

Fama and French®F/WET A U B OEITIZOWTH Y TIELE H 2 & A3 Abreu and
Gulamhussen (2013) 2 I L o TRHER STV A, L L, AROFITICONTIE, Thhi
HAHIT USRI AR B 200, TR BEEABIRICI T 2 —RIER 200, £
NE Y HADEITRICEERLONCOVWT S bRDMEN/NLETHD. ElpEHICE
AR BN & B BOR & OB OB CRBHIMBOEN E LTHIRL T D
RN, F0 LD REMNTEMNELA SIRITREICE O X ) REEE RIETH, HEME T
BEIIRTDTHD. ST, REREMEERESNAFRIZOWCESBREEL TV, &
7 2010EFELLE, AFTAMEL RIEROBBIIZHTHY, LTS bR OHR
B9 LEIRBRMBBHETH D, b ORMBITAE O THRHA LV,

(%2 30k ]
Abreu, J. and M. Gulamhussen (2013) “Dividend Payouts: Evidence from U.S. Bank



Holding Companies in the Context of the Financial Crisis,” Journal of Corporate
Finance, Vol.22, pp. b4-65.

Ashraf, B. N., Bibi, B. and C. Zheng (2016) “How to Regulate Bank Dividends? Is
Capital Regulation an Answer?” Economic Modeling, Vol.b57, pp.281-293
Chakraborty, S. and J. Peek (1990) “(1990) “Lending to Unhealthy Firms in Japan
during the Lost Decade: Distinguishing between Technical and Financial Health,”
Federal Reserve Bank of Boston, Working Papers, No.16-22.

Fama, E. and K. French (2001) “Disappearing Dividends: Changing Firm
Characteristics or Lower Propensity to Pay?” Journal of Financial Economics,
Vol. 60, No.1l, pp.3-43.

Floyd, E., Li, N. and D. Skinner (2015) “Payout Policy through the Financial
Crisis: the Growth of Repurchases and the Resilience of Dividends,” Journal of
Financial Economics, Vol. 118, No.2, pp.299-316.

BEWH - Dy y 7 (2013) TR BAORFREL LDEO-FE~ONFE] BARE
FrETHAL.

Hosono, K. and M. Sakuragawa (2003) “Soft Budget Problems in the Japanese Credit
Market,” Nagoya City University Discussion Papers in Economics, No. 345.

Onali, E., Galiakhmetova, R., Molyneux, P. and G. Torluccio (2016) “CEO Power,
Government Monitoring, and Bank Dividends,” Journal of Financial Intermediation,
Vol. 27, pp.89-117

Peek, J. and E. Rosengren (2005) “Unnatural Selection: Perverse Incentives and
the Misallocation of Credit in Japan,” American Economic Review, Vol.95, No. 4,
pp. 1144-1166.

B EM (2013) TEAO&RI AT L] IR HEAd.

PreasERE (2006) [AEMSSMEEOEE FHEHARE B BABFHBELL.



b RS BRSO L 225 DNA R Y 2 T — B OBEREMFYT

BRI RS AfT ) VAT AREHIRA R
Ak Bk

WFIRHAY) _
AW BE0. b Ml 17 AT S DNA AR (R A5 —8) O—2Th
BDNARY A5 —F 0 (POLQBEFICa—R&END) WWHEHL, xDb Mz v
N T BRI L 0 | 7 ) AOREMHERHCIT 5 AR O BRI REE L A5
BRRAACOEEEEHALNCTLZETH D,

THETOHEZOWIENS, B RNNARY AT —F 0 23~ F—72 DNA “ARHGIETERE
s D — > Th BRI KSERE (alternative end-joining; A-EJ) ICHETHDH b w
- FUT SEBRT T S 26 LCW B (Nature Communications, 2017, 11;8:16112), L2 L,
AR OWEMN 2 E 2 L. 2 O ERABRICEER LT e oidid, 2AAM
FaMRIC % . b I E VIR EIT O OREE LW, £, DNARY AT —E 0 i
o 16 IO Y A F—F L Bz v | NARIMANZ ATPase KA A >, HHFRZ RadS1 FiH T
AL UEET BN, T b= — 7 REROABMERIC OV THIFEA LA LNIENT
WL, ARFZE TR, b b iPS Il L b R ESERSAMIRKERWT DM R AT —E § O
RESE—HEAEAR B 2 B S 0T 5 & L BT, A-EJ B LT DNA ARSI EIKHESE I ERICBT
ZDNARY 25—F¥ 0 (BT, Pol 6 &WiEd %) OBREIOMAE A LT,

(W9
1. ZBRRE POLQFBIA Y F — DR

PCR 75 & 45 PSR 1E  (HIFREESEIC & 5 DNA OBl & U 79— 12 K % DNA D) %
FAWT, & AL VICBWTCEERT X VBICERZEA LERT Pol 0 Z2HHSEDHT
DAY B — R REEE T, HESELT=-<7 #—%, QIAGEN plasmid plus Midi Kit (QTAGEN)
ERNTERL, Sy AL UTF S v—var Ty LEE,
20 FGURMA VT T VL—arTykS

VERL 7= &5 BB POLQRTRA Y & —F =134 POLQFBLAR Y & — L R A= A 3 VTt
BEFEbORIA—FT LY baRL—y g RC LY LI64/POLQ — EIEM (B b
Nalm-6 Mifamsk) WA L, G418 H&te T Hm— REGHIA ¢ 3 MR Lk, AU
an=—HEMNEL, AT v—va VEERREE L,

3. DNAZRY AT —¥ 0 K iPS Hili DIERL

b | iPS Wi (1210B2) 137U CiRA ¥ ATF L. HEFHESHIICIE StenFite AKON (U 72
N B Ui, POLQEETE ) v 2 T 0 M50, BEEEDO POLQEIET 5 —T7 T



SRy Bk POLQWEIRTF HIERI L LT A B RNA ZHR7MA A 72 CRISPR/Cas9 FEBL~ 7
% —% Neon transfection system (—F&) %MW TE b iPSHIRICEALR, BYEH &
Syt Cco SRS e %, AL an=—& PORIEE V= AF T uy MEEH
WCHRHT L. POLQER TS NIz 7 n— v BRI LT,

(R - BE)
1. AEJ %A L7403 DNA OFEAIZ I8 B4 WA A O BEENE: RRAL POLQIEB~T & —
OREF L B MRfa~DEA
ATPase F A A 2 ¥7-1F Polymerase N A A NZZER% $ -0 POLQ DFEIHRH 13k DNA DEA
L ANPEPNE s
DNARY AT—E b D
ATPase N A A & Polymerase
RAA D A-EJ 2B D14&%E WWN{rrfr*l
BB, £ RAL prish e
ERE b POLQFEA 7 — - IR I DMA'] Etfm
PR LT (1), B ATPase K A4 L& fzlPolymerase K 2 4 VICERE boDNARY 2 5 —HBOHE
ATPase FAA LA, 216 FBHDT AT XL 21T HEHD IV I VBELNENT T =
N B T & CRIEMAL LT, Polynerase ¥ AA V1%, 2540 BA DT AT F U ERY
9054l BEDINHE I VAT T = BB U CRERL LT, WIZ, {ER L= ZRA POLQ
RNy F—ERH LTIV F DS VT a7y

861-868 1792 2590 aa

Rad&1 binding

& 10

éa. { T A BTl 4 FOHEDIE LERET 28, EOERE

3“ BT bR POLQFIRA Y # —FBALEBIC T v

é:: 77777 S| B YU v A GBRDMES ) ADNMIAS S

E o ;ﬁ,gu G R bihots (H2), ZORRENS, INAKRY
=2 4 ]:, 4 V@% 5673;;,;,4 :,;:;::;ﬁ R T 0 PEBET D T-IZI3, ATPase I & Polymerase

TR IETRE

EMEOR T BNETHD I EBRHLNERoT,

Rad51 §54 K A A v ORISR DNA OREHE X 1236 KT &

DNA j_Q U ){ 9»_”12 6 ODCPH% 1 96 497 861-868 1792 2590 aa
21T Radbl G R A A D NLS Rad51 binding
19 5, Radbl 13 A-EJ &%

R DNA ZASEE BN HE1E R B

AB47-894

T DA Z I BN TH Ta61A, WEG3A,
T8B5A, R86TA, K868A
D7 B2 4H > TV A NS, 3 RadS 1R F A { VISERES DDNARY 2 5 —Hon il



DNARY AT —F 0 LHAEERT A Z & OABNERITFA LN R>TWRY, £ T,
Radbl i5A FAA L OAEMRDNA R Y A F—F 0 DHFEIC E O L 5 R EE2 B IET LR
2B RadblFEA AL VEKIBSEEBTBRNG8UFADT 2/ BERESET)
IR POLOSRIAAN Y B —h 5 U= (0 3, ARadb1 BD), fEH! L 72 Rad5l fA B A A KR
B POLOFKIAAR Y 2 — " NT TV EAAL T T =Y a Ty
YA B {Tolr b 2 A, WARD POLQFER_7 4 —EEA LR L
X LR LTI L b 0D A8 fitfEan=—RNAEL D Z
ERbhot, AU an=—$E b LGk HEERREH L
_ L Z %, Radbl f§& FAA & KIA LT Pol 0 #FESHIZRD
e e B BB I, W Pol § & B ST BROES L IR T L
DNADRASIEIBSBTER o (51 0). — RSB RadS1fEA R AL U EKIASHD &
Pol § DHELEEME T4 2 TTREMEARIL S 7z, £ C, DNARY A7 —F 0 & Rad51 ORA
VEFRASS13lE DNA ORI 21236 KIE T B E L0 IR D 7o, Radbl iR R A A /K
B b POLQFEIAAN Y B — % H7- \CHEH U7 (9 3,—Rad51 BD), BFE. {EHLL7- Radbl s
O R A A VIEEA POLQFIRA Y 2 —% I T, 43K DNA O Z SR 2~ T D,

-
J

Il
o

A FFL—a SHE GENHE)
fon)

DNA R U A T —F 0 DA FLED S5 DNA DA 21236 JIF T2

DNA I3 DRI RTE STV B 728, DNAEIEICED 5 2 3 BiE & A LI o
BICEELTND, DNARY 2 F—F 0 %< ODNABE S 37 B ERERIC, EICHICT
ETDE I ETHDZERABNATND, — RIS, BICRIET 22 3y BTk, Hi%
PET I OB (V) DrRTAX=Y) BRETHERSNDERITY 7TV (nuclear localiza-
tion signal; NLS) MFAELTIY. DNAKY A F—F 6 O NRMEEUZ b NLS FROELSI
HBZERBHENTHS, LA L, ZONLS BEOEFINERICNLS & LTHELTHNDD
NE I MITFARL LTV, 19

% Z G, Pol § @ N KUitE k
AT F2FE T D NLS BEER A3 Pol
0 DN REICBLIE R s N
AL, FTN K oA, R, i
fEi e AN 2
FhE T T = B U R POLOFEBIN Y Z— R HEEE Lz (K5), &iT, 1ERLICRR
T POLQFIA Y #— 0D N KM & L%V E (eGFP) ZATM LT~y #—Z{E L, &
T Pol 0 OFIMANRTE R HOEBMEEIC L v Bl Lk, K6 IR Liz& oic, BAID Pol
0 13 TITRIT RTE LTS, NLS BEEISIIC S B AR A L7 Pol 0 1k, T3 <, EICH
VB ICRIET D 2 e Nbhote, TOFRENG, Pol 8 O N RIREBICTAET DHEHEMET

861-868

NLS Rad51 binding

5 NLSICER % 4 DDNAMY A S5—Eo0ME




) BRTEFEIC B AT REIIT Pol 6 2 MR E A DA~ Lk
HI=ONLS & LTHREL TWA T PRI, ik
1o VESL U7 NLS 28 BH POLQIEERA 7 #—% N Tok
DNA OFBHL Z BEE AT L 2 A NS ICEREZ AN TH T

VENA VTS L= a NI DLTERALNE R,
e MLSEREPOCOMMNRE | 44413, Pol § OAMAPIRTE & A-E] 1T B Pol 8 DIHE
Eh @4 L—EAPoloMEEL T B, DB ST B AME LTUNL TETH B,

NLSEREPolo

2. DNA RV A Z—¥ 6 K4 iPS flifig D e

b ESER AEIIERE % O RS R B, A-BT &4 L7243k DNA AT IS, DNA 7R
J A5 —¥ § O ATPase K A A > & Polymerase KA A DEFNMHATH D T & F/zRadbl
LA RNAL UNBEECHDLI ERHLNERoTz, LAvL, B MEIIZKSIT 5 DNAKRY A7
—F § D B A A v OHSRERCWSREA A B E % R 5 o DITiE, BAMAZEKICINZ ., & bEp
WA BT R A SNETH D, £2C, b N iPSHIKE (1210B2) 2B POLQIEBR TR
PR L, FORBBUYGHT 21T~ 7, POLQEBETEWET 57912, & b iPS i POLY
BIETZ—FT 4 v IRy Z—b POLOBIZTF BRI & LIz A N RNA & AB%A A 72 CRISPR/
* POLQ™ POLO* ° poLQw  POLQ* Cas9 BT S =& = hT S AT = a4

o 3 LTz, BHEERZ ST Car=—

contrdt RSB T-H%. A Lo =—T O\,
. v RZ 7y MENET, POLOEES
(A & HPsﬂghﬂ%ﬁtPOLQmﬁgggﬁﬁtsﬁgﬁim#ﬂ FRBEIREZa—vEREELEE 7).,
(B) HiPcloitkEEIMV= Iz R4 VT Ry FEFICE Y, BiEMEkRO

Polo &1 L 1. HAE, B HITZDNARY AT —F 0 K4
iPS HHIA O BAERE L A LREZ IR TV D, E 72 S50 DNA ORLH X SR« > DNA 4R (FF
|7 DNA ARG 2 R4 A 38K 1okt RS ARAAND T & G, AR BELTUNDNA R
BEEIHEIEHAE SRIZ 3817 B DNA R Y 2 5 —F 0 DIBRIARBEIEZH O LIZNEE X
T3,

(R P33R
1. Saito, S., and Adachi, N. Role of human DNA polymerase 6 in double—strand break

repair and foreign DNA integration. The 76th Annual Meeting of the Japanese Cancer
Association, Yokohama (Japan), 2017. (RA X —3FK)

2. Saito, S., and Adachi, N. DNA polymerase 6 is essential for alternative end-joining.

The 40th Annual Meeting of the Molecular Biology Society of Japan, Kobe (Japan),
2017, (R A & —FEKB LU REHFER)



LRI HEROE— R RIZL D
— BT AT OB & B EIRTE O fEAT

ISR T A B eI Bh
FEIE R

(B HY)

ABFIECHE R 5 # IR T A HEER A - (BETS) :GaCl,
I3, KL T & WS RIE TICRBW CBEERA~ L BT
%, ZOMEITEWIRITHRETHEEEZAL TN
B, RS TICRWT, BEREEEEZ I — -
STOBEEBENAFIR & 72 HFulde-Ferrel l-Larkin-
Ovchinnikov (FFLO) BBREREENER T L EMME L L
THLEED TS, o, R EMtEHmTHD 1~
(BETS) 2FeCly Cid, BRVRESE T CREGFH LB BTN
Do ZOXIICEBRBIRNER L, REHIZ kA T =5
AR HEbL LT, - OWEOBEERREIZT T DR &80 8.
BEnb 7 7 a—F LR+ 2R TH B 1 RSTA M A -
%o WEICE IR, TN EDREAMEOBNTH D, (BETS) ,GaCl, (& Btis

ZOWENEO AR O TEREE., BAEFRIZ4EO
BETSHF (R F—&EI D) PNiEmEEA S mcEEL v @ 1D, ZoR, 2
EDBETSASF 1 " BEEZBR L TEY . 2O ZBEMOBERES N aH0 S om & TR
A1, BWINEEREZERT B, A4 GaCLiTfk LW Az, Bkt &2 Had
BBETSA T D E & 54 4> F#il (Highest Occupied Molecular Orbital, HOMO) X, #As— b
W LTL/4 (BRICLT3/4) 74 Vv TRk s,

S O ORBEER L) mWIREEE T, RIBICE ) A U b EOFENRE S
T3, BEEXYy vy 72T 5RBRTE. BRGSO RGN HEEmA TR0
SR 2 O - ERWE SN TWD, 7o, B T TOBEBRIEIOAEKRFEORIE
Tl R ol T TR & T TR BERIERN T « v TRE R RO LR ENT
W5, HERIETE, 7= IH L TREEY Y v TORERMAIELT 2 ABEETH
B EWRENT, Fh. uSREIE TR® DN HBHRENE EORERFEN D, sBRE
& AGBIREORADOFATREMERNRE STV D,

—FETARBEIC B LTI, BETSZY 7 OHOMOWZ S AR Y = v VIRIC X D BH I N
BRSO & DR R VO N T & 2, BN TIICMBEDBETS 3 F R 5 Z L b,
7 2R TR SEETIHASOBF AN REEL, 072 v ImEFALTE T =V
TEICE o TR SND Z EWRENTVWS, LL, ZOFRERRVEREZEAT
WBED, FOMEDENREICED ., W OOy REERREIN TV D,

PLEFIER L LT, AT, B FEAY FHRELEREY == (Maximally




Localized Wannier Orbital, MLWO) 12X V. S&ME 0 —ETA R % IERBRAVITRD
Do WIZ, AL IMNBEERELZE L, AEEUCE RS —a U RIBEELE
FAZEA L7430 R« 30— REAC BLME ATl (Random Phase Approximation,

RPA) BT D, ZHICLVEBFHRICERT A VSR EBREXy v T2H L
DT ZONAMEDO N TH D,

(BFFEHIER)

ARFFEETE O/ T, BB S FEHE EMLVORHEIC L 0 | B RO A SR A -
(BETS) 16aCl, D N FHEdk & — BT A oA % JERBRAOICE M U, B—REAN P&
3. EEFHEICESSWIEN2kE AWV TRz, ZOFHE T, —baidirid
(Generalized Gradient Approximation, GGA) Z FV 7-#8EULEEEEER (Density
Functional Theory, DFT) #AWVTW5, ZOFEFEI D, wannierd07’ 27 J A&EH LT
MLWOZ S L. 7 =)L IHENDEEO NNV NG —B AR Z BN L., dRWE
ST ASMEE LT, N2 FEESH I Z JERBREICE I LT,

WIS, Bohlr— BT AR E TR — e VR EEREBRE L4 K AN
— NERLZ VT, AP RS R CBEEX v v TR A R, BA LB HEIFR I
HAEMIZ, R—BEISHF EIC2 > DBEFNRKEELD AL - A4 MEEERATHD, =
ML VAT D EBTHRERPAIKICL Vo7, RPABIZE DV ELNIZA Y Sz R %2
WT, AL EHMBERBEMELZE L, BREX Yy v T2 L,

(R LER)
L Ny RiEE L —F 7 R

7 2V IHERT (0eVITHL - TV D) IR AERANO A REEEXE 2 (a) IR
4. L. EEROBEIRES I HS/ME <, K0 meVELFTHD Z & 2R LT
L, THIE, ZOWHEOEFRENRODCRTIEE RO L LBELTWD, KT
YRR Y o v ViR & AIERIZ, BETSA+F DHOMOIZHLR 9~ B 42D/ RAEIN 7 = /b X M
BECHET D 2 ENHER SN, ZONNY FESEORME LT, ZRAFEDO—FE LDV

(a) 04 | ' DFT - I (b) 1

\4-band model —
,f'Q:“;;—

AN
/ \: «
A

U 0
DOS[states/eV]

& 2: () Ny F#EXE, 7277 L DFT 13— REEH#E. 4-band model II—BE AR DO
ERERT, O)RIBEEDOS), () 7=/VIEmERT,

<
Y

N
=
e

(=3

VA

Energy [eV]
: :
WoN

AN

(N

o

Z v I X U Z r

s

-0.8




ASEMEIEFEHETCH DT ERBT 6D, TSk, 7=V S E D OOENERS T
IRBESE B (Density Of States, DOS) MIFEAY2%HZ2 /R L TE Y, van-HovelF R
(van-Hove Singularity, vHS) W& AZ EFHLMNI LI 2: (b) ], HFEHET
BT = AIFE b E, BESCRFEOENISH D bOOIRE = v r VETEORR
CHEELTEBY, W7 oA EEBI U b DL THIEEND Z ARSI, B,
BiEE 72 VIE0, BEA T NIEL EMEZ LT D, 7oV IO R O
VRSB LTEY . 7o IE LI ENB BB OV FoBIC LDl S Tw
BT ERPbME, THHADONY R EZ—F v b« N REd
2L, B 1SR LIERBETSS T RIc i AMNOEFHHE T 52 &
T, BEESRIMEL, BT AERMZEIH L, Zblid, 4
SO REBBT A2 DO [4-band model] & LT, X 2:
@IRLTWD, ZORNG, FREHEICL D2V FEE Lk
MEICHBLT 2 &7 A s (HﬁF’@él—band model /3 FHEIE)
PEMTE T, MEORAIC LY —BETFAEIBELOBEIRE S OBH
K@fé%%ﬁ%ﬁﬁﬁ?%&“#\AEW%RﬁféﬁﬁﬁAA
(@1%%)%%ok%ﬁ%&1(%mw)%ﬁo RNT, 2D
BB OBEFESBE X OFECHKI0WREDEE FF>Z & B>
710 BETS4> FHEJERI Th DiEShIEAE il 5 [/ Clid. REXRETH
SOmeVARE T 5, BEAMREIEITANT 223, b -BEED
Eox | TERMEAEFITRMOBROBERZE 2 5 L ZEBEKFT
POKA TR OBHES E /o EHKFROFRY U= % b0 . .
B DTG S L5 = LS B 2o e, SIS T o BANRCR

T ClE. DOSIZVHSIFIET A Z &b, B E DOVHS b F U JRE v, BItR212E8R
D—EELEBZLND, XRRMEE B,

2. AV VEEREBIEEX Y v T (Q)FS (b)FSO (b)FSl
B 15 bz —E 1A A 2

(2, [A—BETS%Hyf LOEFMTHEL
LHy—uarFHUEEBRL, ThiZ X
S>THEUBLBEFRERPAETH D
TLTCELNEAY VRS REN 3
WRd, ThickD ., AV UREER
DOBKEOWE D ¢(0, 4)=B=x

/8,-3x/8) UL/ — R TRL
7285E. @=(@, 9)=0Bxn/8, 13=x

/) T1L BT ERHALNTR T,

TDEIRAEL DL EEFRR
BIOMEMER & LTRET HBE
Xy v 7B ERLEON, B 4T
Hb, _RITAREmITER LY =

B 3: AR,

X 4: (@) 7=V, b) 7=/VIHOIZHT DB
FEXy v PR () 7 =V E LIS D BEE
¥y v 7B, REL, ARRIBEEX Yy T
DERKRENT L 2FKT,



ImEEN: 4@okoizieb, K
4(b) 567 =)V HE 0 T, ZRIIEKHST 5
B CREREOBERE R ¥ v 7RV T
WAHZ e, ¥, Z7xvImo &
7wV 1 DM AT, RER
BOBGEX v v 7RV TS Z LD
NhH, —H, B: 4B 7 =/VIH1 T
i, 7 VIO BT AEHETRER
ADBEEX v v 7NN Z LR
b, BLEDE, 7oA I EMTHEITE
RAEN, BT VIFELETIR ALY K5 7= s mRAF—EE0.01eV D
BEEOX vy v IRHEVCEY, —RT2  HENOBEEX Y v TR, I-X HRicH
EEFNSEBERENER L QO AROL Y B —UTRRLTNWD, ERADIESIIRS
WCRA%, 22T, M7o/VIEICE T2  WBEEXYy v TOREERRT,
BEEX v v IO T, 73 - X
=5 0. 01eV (ZhiI Ny FIEOINREICHY) iR RL, D-XHRICHEEY —
VR TELELDORR . 5CHE, TORNLIRY — v TEXSA, 7oVt
TARG B LT 528, 2B OREEHEZFOBGEX v v 7 RDZENbholk, F
Foo TRAY TRERBEEX Y o T7HRHE, ZI0DDTNHICTID LBREX v v 7R
BURHONHD Ebh, ERTHREINDT 1 v THE L ORBRRICHEERN RN D,
PLED S, ARBFERITARBER L - (BETS) GaClud—ETHNERIOEH & Z OBREOF
a7 o7, AHEECIE, DOSOVHSORK 2 A EE OBR I B L, B{REMET C
i, BEOEBREER & BHR LE 2 BRIEWVBREX v v TR E LIV,

€13

AR O—HRIE, AR AR AR EB IR oM R 22 TITbhvE L7,
ZOHREMY T BILR L ETEY, Ee, AbtaED Sy i - EREMD
TEHL OMRE L AEBRRERE ST QNEEEE L, TEHP LETEST,

(RRR)

- EREHERE Gl

1. H. Aizawa, T. Koretsune, K. Kuroki, H. Seo, “Anisotropy of the
Superconducting Gap in a Model for A —(BETS);GaCl; Derived from First-
Principles Calculation”, 12th International Symposium on Crystalline Organic
Metals, Superconductors and Magnets (ISCOM2017), P0OS—016, 24-29 September
2017, Zao {(Japan).

2. FEEEEL, RWM, BARE, SRR, “EHER 2 - (BETS)6aClid A B LR D I
MCRBEEX vy v 7T ORGHE, HAWIEYS 201TFEKFRE, 22p20-1, 201749
H22H, BFRZE



