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We established a system to detect action-at-a-distance mutations

(untargeted mutations found at positions apart from a DNA lesion) by incorporating the DNA lesion of

interest at a downstream position of the supF gene (a reporter gene for mutations). An oxidatively
damaged base, 8-hydroxyguanine, was examined using this system and found to induce the
action-at-a-distance mutations (base substitution mutations in this case) frequently when the WRN
protein was reduced.

We also examined another kind of DNA lesion, an abasic site. We found that it induced the
action-at-a-distance mutations observed in the 8-hydroxyguanine experiments and a different type of
action-at-a-distance mutations (large deletions).
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1. WFEBIMGESEI O &

RFER R VIREIEIE S LT 55D 8-hydroxyguanine (8-OH-Gua) 1X. C A&7 59 A
LU AR T D2 b, 80H-Gua YA U-ENIC G:CoTA BRAZFERTHZ &0
HMHENTWE, LavL, #F7ERFHIL. Werner JEMERED BEEEAFEY WRN <° DNA 15
DIV X BRI 5T 5855k 7e DNA KR Y 27—+ (pol) ® 1fETH% DNApol A %/ v
7 X2y Uizt MllalZ 8-OH-Gua Z HFF R E @RI 77 2 I RZ2E A L72BRITIE,
(1) 8-OH-Gua iz BT 5 G:C—TA Z R ITXME TO GCoTAZL R LFARETH L LD
®, (2) 8-OH-Gua HNrH HEEALIZINL BHER BN b & D) 12T 21 E
PR GFEERIEALIC R T AEMAER) N EF L TWHZ LWL E L, HFRAREEIL.
ORI RERE RBIERER] Lk LTz,

2. WMHEOHM

AMETIE, FRRERCHLEIBEREROESEEZHAO T 5L L HIZ, WRN
DNA pol L O&FEIZHLNE L, mEEHEROMEELRAT L 2B E Lz, £
72, M DNABEIZ L > THRIRBRERNEL 20 ERALZEHHBE L,

3. WHEDTik

b b U20S Mz Wiz, /w7 X o fifn g V2R TlX, Lipofectamine 2000 X3 %
JFHVNT WRN, DNA pol A, 0GG1,APE1 |59 % siRNA ZE A L7z, / v 7 7 7 ML CRISPR-Cas9
Z AW CERLL 72,

SupFIEfn Bl & & de—AREHDNA 2857 & L (k& Rk L 72 8-0H-Gua, abasic site analogue,
O-methylguanine Z2&teA ) S5 4%V RX I L AF K27 T4 ~—L LT, REREN DNA
BB « RSSO « 7T =0 AFEBOSIC L W . DNA 815 % supl BIGFIN £ 7213 supF &
R EEED FTHICEA L7727 F A 3 FDNA 2R L 7=,

77 A RDNA Db M~ E A2 Lipofectamine FREE A2 IV /2 B A L TH D 48 B
BTN S 7T A X RDNA Z AU U, Dpn T ALERIC L 0 #HEL X 70 TUWN 720 DNA & 20 fif L 714 .
FERKRIGEICEAN U supF BRARZ BN UT, supF B BRARK 2 S ERR AR L,

supF ERARIZE ENDH 7T A I ROWEEES|ZMT L, ZERONR (BERAT FL) %23H

~7z,

4. WFFERE

(1) FHERIERZE RS AT L O

AMFEREIZ B W T, EREFAZRZEERSRNTEL I, Xo s 7Ty RER
RN AT AEHNAZ ENEFE LV, £ T, supFBEFOMRbDITHEA L R—4—1&
{61 (rpsL, lacZa %) AL TTAI REEELT v A 217> T, ®mEEHELR K
FERLIMIHTEDLR—F—TFTAI RVAT LAORRERLT-, LhL, Ny TT7T K
BENNTND supF BT ED bEbolzlzd, FNoOFEHAEZEE LT,

—75. DNA 815 % supFi&ia 1 Cli/e <, supF B T iEEO TIICEATHZ EICLY ., =
WIEAZERZRNTED VAT LAEFHIZICERE Lz, UBOEROL IRV AT LEHWD
ZEbLT

(2) WRN=°DNA pol A ZKIEEH7-b MO ER

ANLEX 7 L7 —EEZHWTY ) AREZIT O BRI donor L LT 7 AI RDNARA U =
FTHXEIRX I LAF RBHNLENTWAEDR, FN L0 b EH—A8 DNA <° tailed duplex
DEGTHALZEE R L, &5, ALX 27 L7 —F CRISPR-Cas9 % AT, WRN =2 DNA pol
AE/ 7T RLIEE R U208 fifae, ¥ w2 Ty Ml AERL7-, LasL, EfY
L=/ v 777 MKIZ, 8-0H-Gua 77 A3 REEA L, ERIEALROFERZBELZLC
A, w7 T U MIBIIHEEEE DR ELS . T v EBAIIAWTWOZRWA[REME DS R S 72D T,
B, /vy Xy ez RnsZ & e L,

(3) WRN<CDNA pol A %/ w7 X oy Xttt MIIIZE T 2 1=RIEHZL RS

WRN %/ w7 X o387k Mkalc, (1) TORRZFHZRFHLAR—F —EE5 7T viA
VAT 5 (8-0H-Gua % supFiBfn1-HCTlx7e < | supF BIGFEHEO FIRICEATHZ LIk,
HIRIERZ R AR TE 5 AT A) ZHWT, 8-0H-Gua |2 X 2 ifREHZ RFH %
AT, FTORERWRN Z ) v 7 X752 LI E 0, supF BIn PO EERE RN E5
THEmNEES N (K1), Lol DNApol A 2/ v 7 Z L THET LE REEOMHEH
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(4) 8-OH-Gua |Z X HixfRIEHZEHH%E & DNA [E1ERESR & DBIE

8-OH-Gua |[ZXf 3 2 EEREEEFHE L L THOLND 0661 & / v 7 X7 v LT-flfdlZ . 8-0H-Gua
% supF B FITED FTHICEA LT T AI RE " TV AT 27 v a Lz, TOREE., 0661
) oI BN EK 5T supF ERIRBIZRE 2B e oT2, Ll BERAT ML AR
7oA Iy AT Ko THEERERNEADT 5~ TREIEERN ERAT L %28
e LT,

(5) Abasic site analogue |Z X 2 iE[EIEHAZL R

8—-0H-Gua D iz, Bd DNA 8ETH 5 abasic site (FEBRIZIL tetrahydrofuran Hd
analogue Z{fffl) 277 A RDNAIZEALTT v A 2{To7-, TDFER, 8-0H-Gua Mik%
THEBIEAER EEPOER (G:C HRIICH T AEIERER) KOBIFEOERIERLR

(R#EXRARER) DFHEINLZ xR L,

Abasic site analogue IZXDARIKEEDAE U DA D= AL EHALNIT L0, abasic
site analogue DEEAREERKICEI > CWA8EZE APEL 2/ v 7 X7 L. abasic site
analogue % supF BT HEO FRICEA LT FAIRE NG A7y L=, L
L APEL /w7 B 7 A2 Ko C supFERARRICHE R AT MU REBREIT Do T,
ZDTO APELIZ K > THEL D = v 7 SREERDITINTH 5 AlREMEIFMERNZ LR S e e
>7= (K 2),

R#HREATERE (X1073)
o 1 2 3 4 5 ¢ 7
G
pofichn)]
THF
APE1-/v4 | © N.S.
UM | THF |

N.S.: EEELL
X 2 U20S Rz BT 8-0H-Gua 235EFE UT-BMBIEAZER. THF = abasic site analogue

(6) o> DNA HEEIZ K A ERFH

8-0H-Gua DL V2, F-methylguanine (X FIALANT k- THA LU H0EAZ DNA 1) %
HWTHEERIZT v A 2170, BmRIEREBRPFRINDIDENEBE LT, ERlEHLR
OFEBITIFEAEREHEINT, 2TOHREG CTEIBEHZENFR SN DT TIERNT L2
ST LT,
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8-0x0-7, 8—dihydroguanine in WRN- and DNA polymerase A—double knockdown cells.
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MGz (FEFFER) @ DNA BIGIC L2 EEFER L HEMIZ 2R AT 57 LREAE
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